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(57) ABSTRACT 

Aprocess for arranging a number of micro-bodies ef?ciently 
and precisely as one on one spot on a substrate. 

Charged spots are formed by a converging ion beam or the 
like on a substrate having an insulating property or the like, 
and micro-bodies having a siZe of 200 microns or less are 
attracted and stuck to the charged spots. 
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FIG. 6 
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FIG. 8 
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PROCESS FOR PRECISE ARRANGEMENT OF 
MICRO-BODIES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a process for 
precise arrangrnent of rnicro-bodies. sore particularly, the 
invention relates to a novel process for precise arrangrnent 
of rnicro-bodies, Which is useful for ?nely Working a pre 
cision machine or for integrating an electronic device. This 
process can arrange rnicro-bodies having a siZe of 400 
microns or less, e.g., 200 microns, such as spacer particles 
in a liquid crystal device or the like, ball-grid-array particles 
in the packaging technical ?eld of electronic parts, or rninute 
parts in a semiconductor element or a rnicro-rnachine, pre 
cisely at target pin-point positions for a short time period. 

[0003] 2. Related Art 

[0004] In the prior art, bodies or articles in the ?eld 
governed by the gravity have been transferred to and 
arranged at predetermined positions by eXisting rnechanical 
technique (such as the vacuum chucking method). It is, 
hoWever, seriously dif?cult to apply such method to rnicro 
bodies of 100 microns or less, for example, in the ?eld 
governed by the surface force. On the other hand, the 
method of arraying the rnicro-bodies of small siZes are 
limited in number to the rnicro-pincette method, the laser 
rnanipulation method, the jet printing method and so on. 
According to these methods, hoWever, the manipulations of 
the individual rnicro-bodies are not basically easy, Which 
raise the Working load, the working time period and the cost 
seriously. If the engineering application is considered, on the 
other hand, it is necessary to arrange rnany particles pre 
cisely. In the methods of the prior art, hoWever, there arise 
problems that the arrangement takes an extremely long time 
period, and that the range of application is restricted. 

SUMMARY OF THE INVENTION 

[0005] In order to solve the above-speci?ed problerns, 
according to the invention, there is provided a process for 
precise arrangrnent of a rnicro-body, Which process corn 
prises: forming a charged spot on an insulating substrate; 
and attracting and sticking one rnicro-body to one charged 
spot. 

[0006] In the process of the invention, further aspects are 
provided: the rnicro-body has a siZe of no more than 400 
microns; the charged spot has a siZe of no more than 100 
microns; the charged spot is polariZed positive or negative in 
or out of contact; and a plurality of charged spots are formed, 
and one rnicro-body is attracted and stuck to each of the 
charged spots. 

[0007] In the process of the invention, moreover: a posi 
tively charged spot smaller than a rnicro-body having a siZe 
of 1 to 200 microns or less is formed on the insulating 
substrate by a converging ion beam, and the rnicro-body is 
arranged on the charged spot; a negatively charged spot 
smaller than a rnicro-body having a siZe of 10 to 200 
microns is formed on the insulating substrate by a converg 
ing electron beam, and the rnicro-body is arranged on the 
charged spot; a positively or negatively charged spot in 
formed on the insulating substrate by a discharge of a 
conductive rnicroprobe having a leading end in or out of 
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contact With the insulating substrate, and a rnicro-body 
having a siZe of 0.1 to 200 microns is arranged on the 
charged spot; and a multiplicity of charged spots are simul 
taneously formed by integrating rnicroprobes into an array, 
and rnicro-bodies are arranged on the individual charged 
spots. 

[0008] Alternatively, there is also provided a process for 
arranging a rnicro-body precisely, Which process comprises: 
establishing a spot electric ?eld by polariZing a substrate of 
a ferroelectric body voluntarily; and attracting and sticking 
one rnicro-body to the spot electric ?eld. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIGS. 1a to 1c are diagrarns shoWing the steps of 
a rnicro-body arraying process; 

[0010] FIG. 2 is a diagram presenting a potential contrast 
image of charged spots; 

[0011] FIG. 3 is a photograph presenting an example of an 
array by rnicro particles; 

[0012] FIG. 4 is a photograph presenting a negatively 
charged pattern by a converging electron beam; 

[0013] FIGS. 5a to 5c are diagrarns shoWing the steps of 
an arraying process by a rnicroprobe; 

[0014] FIG. 6 is a photograph presenting an example of a 
particle array by a probe; 

[0015] FIG. 7 is a diagram shoWing an integration of 
rnicroprobes; and 

[0016] FIG. 8 is a photograph presenting an image draWn 
With a converging ion beam on a ferroelectric ?lrn. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The invention has the aforementioned characteris 
tics and can have remarkably high effects, hoWever, it may 
further have various features as Will be described in the 
folloWing individual EXarnples. In the invention, for 
example, a converging ion beam capable of draWing mul 
tiple spots quickly and continuously is used to form posi 
tively charged spots smaller than target rnicro-bodies on an 
insulating substrate so that the particles can be precisely 
arranged as one partible on one spot and the multiple 
rnicro-bodies can be arranged at once. The rnerit coming 
from the use of the converging ion beam is that the multiple 
charged spots can be formed for a short time period and at 
precise positions. 
[0018] When a converging electron beam is used in place 
of the converging ion beam, moreover, a scanning electron 
microscope or the like Which is relatively in Wide use can be 
utiliZed to loWer the cost. 

[0019] According to the invention, on the other hand, there 
is provided a rnicro-body arranging process Wherein a 
positively or negatively charged spot is formed on a insu 
lating substrate covered With an insulating ?lrn, in or out of 
the leading and of a conductive rnicroprobe With the insu 
lating substrate, and Wherein a rnicro-body having a siZe of 
0.1 to 200 microns is arranged on the charged spot. In place 
of the single probe to be Scanned, hoWever, the rnicroprobe 
to be used herein is prepared by integrating the rnicroprobes 
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into an array to form the multiple charged spots simulta 
neously so that an array of multiple microbodies can be 
formed for a short time period. This process is advantageous 
in that it can be performed in the atmosphere, and is enabled 
to form the charged spots of nanometers by using the SPM 
(Scanning Probe Microscope). 

[0020] The substrate is exempli?ed by the insulating sub 
strate for keeping the charged spots. When the ferroelectric 
body is employed as the substrate, hoWever, the orientation 
of voluntary polariZation is arranged in place of the charging 
treatment. Speci?cally, the polariZation phenomenon can be 
utiliZed to attract and stick the micro-bodies to the substrate 
by the electrostatic force generated by the polariZed spots. 
The charges are released With the lapse of time so that the 
electrostatic force is Weakened. HoWever, the polariZation is 
freed from such deterioration and can keep the electrostatic 
force for a long time. 

[0021] In the process of the invention, more speci?cally, 
the charged spot pattern is formed on the insulating substrate 
or the ferroelectric substrate by the spot patterning of the 
converging electron beam or the microprobe. These charged 
spots have a siZe equal to or less than that of the target 
micro-bodies. These individual charged spots correspond 
one by one to the target micro-bodies. When there are 
introduced the singly dispersed particles Which are charged 
With a polarity opposed to that of the charged spots, they are 
attracted to the charged spots or polariZed spots on the 
substrate by the electrostatic force such as the electro 
phoretic force or the dielectric force so that one micro-body 
is stuck to one spot. The amount of charge of the charged 
spot is controlled according to the amount necessary for 
sticking one micro-body. In this charged spot, on the other 
hand, the magnitude of the electrostatic force takes the 
maximum at the center position of the spot so that the stuck 
position of the microbody is located at the center of the spot. 
As a result, the multiple micro-bodies can be arranged 
accurately and quickly on the substrate so that they can be 
precisely arranged. 

[0022] Thus, the modes of embodiment of the invention 
Will be described in more detail in connection With its 
Examples. 

EXAMPLES 

Example 1 

[0023] FIG. 1 exempli?es a process using a converging 
ion beam. This process comprises three steps: (a) of forming 
charged spots 3 on a substrate 2 by a converging ion beam 
1; (b) of feeding micro-bodies 4 onto the charged spots 3; 
and (c) of arranging the micro-bodies 4 on the charged spots 

[0024] At the ?rst step (a), for example, the charged 
positive spots 3 Were formed on the insulating substrate 2 of 
calcium titanate ceramics by using a Ga_-converging ion 
beam at an acceleration voltage of 30 KV. 

[0025] FIG. 2 exempli?es an image of the charged posi 
tive spots having a siZe of 5 microns Which Were formed on 
the substrate charged at an interval of 50 microns. The 
observation Was made as a secondary-electron contrast 
image by using a scanning electron microscope of a loW 
acceleration voltage (of 2.5 KV) 
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[0026] At the next step (b), as the micro-bodies to be 
arranged, microbodies 4, Which Were made of simply dis 
persed metal-coated spherical polymer particles having a 
diameter of 10 microns and Were dispersed in advance into 
an insulating solvent of ?uorocarbon to prepare a suspension 
5. Into this suspension 5, there Was inserted the substrate 2 
Which had the charged spots 3 formed. The micro-bodies 4 
Were attracted to stick to the individual charged spots 3 by 
the electrostatic forces of the spots 3. At this time, the spots 
3 and the micro-bodies 4 could be arranged to correspond to 
each other as one on one. At the last step (c), the substrate 
2 Was pulled out from the suspension 5, and the solvent Was 
evaporated. 
[0027] FIG. 3 shoWs one example in Which the simply 
dispersed metal-coated spherical polymer particles having 
the diameter of 10 microns and Were arranged as the 
micro-bodies on the charged spots formed, as shoWn in FIG. 
2. FIG. 3 presents an optical microscopic image and con 
?rms that vertically four and horiZontally four and totally 
sixteen particles are arranged in a square lattice With interval 
of 50 microns from each other. 

Example 2 

[0028] Negatively charged spots are to be formed if a 
minute charged pattern can be formed by using a converging 
electron beam in place of the converging ion beam at the step 
(a) of FIG. 1. It Was, therefore, con?rmed that the minute 
charged pattern could be formed on the insulating substrate 
of calcium titanate ceramics by using the converging elec 
tron beam. Alattice pattern of an interval of 100 microns Was 
draWn by using the converging electron beam of an accel 
eration voltage of 15 KV. FIG. 4 presents an observation 
With a scanning electron microscope of an acceleration 
voltage of 2 KV, that is, a secondary-electron contrast image 
of the charged pattern. A White lattice contrast pattern of an 
interval of 100 microns Was observed. This contrast pattern 
implies the charge With the negative polarity and had a line 
Width of about 20 microns. It can be conceived from this 
result that the charged spots could be formed by using the 
converging electron beam to arrange the particles of 20 
microns on the charged spots 

Example 3 

[0029] FIG. 5 shoWs a process for forming the charged 
spots by using a microprobe. In a construction comprising: 
a tungsten microprobe 1 (as Will be abbreviated into the 
“probe”) having a leading end diameter of 2 microns; a 
polytetra?uorethylene thin ?lm 2 having a thickness of 50 
microns; a glass substrate (as Will be abbreviated into the 
“substrate”) 3 treated to have a conductivity and a thickness 
of 1 mm; and a variable poWer supply 4 of rated 10 KV and 
1 mA, the probe 1 Was connected With the negative side of 
the poWer supply 4, and the substrate 3 Was grounded to the 
earth. The thin ?lm 2 Was adhered to the substrate 3 by 
means of a conductive double-coated tape. At a ?rst step a, 
therefore, the probe 1 Was moved from a reference point on 
the substrate 3 to over a portion at Which the charged spot 
Was to be formed, and Was so brought into contact With the 
thin ?lm 2 that the thin ?lm 2 might not be broken. At a next 
stop b, the poWer supply 4 Was used to apply a voltage of 
—1.5 KV betWeen the probe 1 and the substrate 3 for three 
minutes. This applied voltage is set to such a level that the 
polytetra?uorethylene thin ?lm 2 may not cause any dielec 
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tric breakdown. Aregion 5 in the thin ?lm 2 is a charged spot 
formed by the probe 1. At a step c, the voltage betWeen the 
probe 1 and the substrate 3 is released, and the probe 1 is 
separated from the thin ?lm 2 and moved to a next spot 
position. Similar operations are repeated to form a spotted 
charged pattern. FIG. 6 presents an example in Which 
simply dispersed glass particles having a diameter of 200 
microns are arranged at an interval of 1 mm in the spotted 
charged pattern formed by using the probe. 

Example 4 

[0030] FIG. 7 shoWs one example in Which the micro 
probes are integrated, that is, an integrated assembly 1 of 
microprobes and individual microprobes 2 constructing the 
integrated assembly 1. These microprobes 2 exhibit a 
tapered leading end and are arranged With an equal length 
and bundled into a square lattice. A distance 3 betWeen the 
microprobes 2 corresponds to the diameter of the micro 
probes 2. On an insulating polymer foil 4, there are formed 
charged spots 5. These charged spots 5 are formed When the 
leading ends of the individual probes 2 come into contact. 
The interval betWeen the individual charged spots is equal to 
the distance 3 betWeen the microprobes. By selecting the 
dieter of the probes 2, therefore, the interval of the charged 
spots 5 can be selected at Will. 

Example 5 

[0031] FIG. 8 presents a trial of forming polariZed spots 
by using a ferroelectric body in place of the insulating 
substrate. A ?ne pattern Was draWn on a PZT ferroelectric 
substrate having a thickness of 30 microns by using a 
Ga+-converging ion beam of 30 KV. The observation by the 
voltage contrast method using a scanning electron micro 
scope of an acceleration voltage of 2.5 KV revealed that the 
region of the draWn pattern Was positive. It is conceived that 
such an electric ?eld Was applied at the draWing time to the 
region irradiated With the converging ion beam as Was 
sufficient for causing a voluntary polarization to generate 
polariZed spots. It is, therefore, conceived that a ?ne pattern 
indicating a black contrast Was due to the voluntary polar 
iZation. If the electrostatic force of the polariZed spots is 
utiliZed, the micro-bodies can be precisely arranged as in the 
case of the charged spots. 

[0032] According to the invention, as has been described 
in detail hereinbefore, When the converging ion beam is 
used, it is possible to form the minute charged spots and to 
arrange the micro-bodies precisely as one on one spot at 
designated positions. As With the converging ion beam, the 
minute charged pattern can be formed When the converging 
electron beam is used so that similar results With the 
converging Lon beam can also be obtained With the con 
verging electron beam. Even With the microprobe, on the 
other hand, one charged spot can be formed With one 
microprobe so that a number of charged spots can be formed 
for a short time period by integrating the microprobes. 

[0033] When the ferroelectric body is used as the sub 
strate, on the other hand, the spots irradiated With the 
converging ion beam or the converging electron beam are 
polariZed to cause the voluntary polariZation orientation so 
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that the microbodies can be arrayed on the spots by making 
use of the electrostatic force of the polariZed spots These 
techniques can contribute to the packaging of electronic 
elements and can be expected in the future to develop to 
those for integrating sensors or devices. 

What is claimed is: 
1. A process for arranging a micro-body precisely, com 

prising: forming a charged spot on an insulating substrate; 
and attracting and sticking one micro-body to one charged 
spot. 

2. Aprocess for arranging a micro-body precisely accord 
ing to claim 1, Wherein said micro-body has a siZe of no 
more than 400 microns. 

3. Aprocess for arranging a micro-body precisely accord 
ing to claim 1, Wherein said charged spot has a siZe of no 
more than 100 microns. 

4. Aprocess for arranging a micro-body precisely accord 
ing to claim 1, Wherein said charged spot is polariZed 
positive or negative in or out of contact. 

5. Aprocess for arranging a micro-body precisely accord 
ing to claim 1, 

Wherein a plurality of charged spots are formed, and 
Wherein one micro-body is attracted and stuck to each 
of said charged spots. 

6. Aprocess for arranging a micro-body precisely accord 
ing to claim 1, 

Wherein a positively charged spot smaller than a micro 
body having a siZe of 1 to 200 microns is formed on 
said insulating substrate by a converging ion beam, and 
Wherein said microbody is arranged on said charged 
spot. 

7. Aprocess f or arranging a micro-body precisely accord 
ing to claim 1, 

Wherein a negatively charged spot smaller than a micro 
body having a siZe of 10 to 200 microns is formed on 
said insulating substrate by a converging electron 
beam, and Wherein said micro-body is arranged on said 
charged spot. 

8. Aprocess for arranging a micro-body precisely accord 
ing to claim 1, 

Wherein a positively or negatively charged spot is formed 
on said insulating substrate by a discharge of a con 
ductive microprobe having a leading end in or out of 
contact With said insulating substrate, and Wherein a 
micro-body having a siZe of 0.1 to 200 microns is 
arranged on said charged spot. 

9. Aprocess for arranging a micro-body precisely accord 
ing to claim 8, 

Wherein a multiplicity of charged spots are simulta 
neously formed by integrating micro-probes into an 
array, and Wherein micro-bodies are arranged on the 
individual charged spots. 

10. Aprocess for arranging a micro-body precisely, com 
prising: establishing a spot electric ?eld by polariZing a 
substrate of a ferroelectric body voluntarily; and attracting 
and sticking one micro-body to said spot electric ?eld. 

* * * * * 


