e w - ; v ~ >
ﬂ'l‘_llﬂﬂﬂﬂ’!ﬁﬂﬂ'“ NITVDUINMANTLYY

LY 7] d
iwemmﬁwﬂ‘uuauyim
I?EN

=1 % =\ ; = ]
NIIFANHEHT NI nNUUU lmzmitﬁNN6!ﬂﬂﬂﬂﬁ1ﬁﬂﬂﬂm1ﬂﬂ3‘ﬁuﬂ1‘ﬁu

Design nad Fabrication of new type Electrostatic Micro Motor

Y
AN I
IAAT. TMNUIA FOINY
(Y] A‘ a8 daa
7. aUANA 1WBsA3Na
a a v
WY NEIATY YN
a a J
wa dszamssu InimIng
3f.  169% ez
A o a v T034416
FOIUHNININZIVY

a v a a J
gueIduaannIatnd

AMZIAINTINMANS
ao Al UaEWIZPOUNAUNINUNMIS a1ANIZA Rl
Tasunuarivayuain o
a 3 VAyZ
o @ 3 sau l\1 a ‘.'; !O
ATHINTHAMSNITUNTIIIVUUNNTIA v THST- "
) GLIRY
ST 2541 - )
autlszan ) unzinuy..51416

000000000000000009

3, 10w, 1121, WY, 2542

oooooooooooooooo 000000000



GAESILY

unfnde
Abstract
d’ o
unil 1 umh
1.1 anudhanveswemes i ada
3 aw
1.2 yailszaenvesinise
unii 2 nqu§ mehauveswemes lWfhada
a a Qy 4 o o aa
2.1 maause Ivhatn vuumsnednidaaou
! 22 Tassafrauemed nihada
k4
2.2.1 Tnssadeiuguvesuames iMihataegiade
Y S <
22,2 Tassadnvswomesyyinla
S unfl 3 msvenuuvnames IWthadn
3.1 MIvLAUUY tagnTsAnnumsaszneves luvemes Wihada
3.1.1 HyUaesvesNames
o '
3.1.2 msmuamInsgavewseluvomes
unil 4 MsNARBETHAMINARDY

. o = { = J Qy aa
! 4.1 ﬂ'lﬂ’lﬂﬁ'e']\‘l’JﬂuiﬂllﬂﬁTﬁOﬂﬁlﬂﬂﬁlu(lu%uﬁfﬁﬂﬂu

[ o
4.1.1 mitawmsouginsallumsnanes

10
12
12
12
13
16
16

16

. .y .
4.1.2 wavesnnududuveseznaud1sife uazdundsvesiuasaanoy 17

4.1.3 wavesawy I tazdundsve UG ansy

' 2 4 P aa
4.1.4 HaURIVIIANUNUDIUHUTEADY

‘.

18

21



42 MInaaseade uazilsznounowmed Wi adned1edie

. : ]
4.2.1 Tageadravesneineinain

. 422 myadn

423 MINATBUATSTIUUVDINBINGS

o a d ‘
uni 5 agd uazIonsel

‘ ﬂ'lﬁ?ﬁl’.lﬂ

“V a .
1BNAIBINDY

22
22
23
25
27

28



=2 . v a A A& v
NIIFANET NIIdONILU lm:’,ﬂ'ﬁﬁi'\ﬁuﬂlﬂ@ﬂﬂﬂ]ﬂﬂﬂmu1ﬂ‘i}'3°ﬂuﬂ1ﬂu

Design and Fabrication of new type Electrostatic Micro Motor

UNANED
FTULINT ﬂﬁ"l"v\lﬁwamﬂ (MICI'O Electro Mechanical System) W50 MEMS 113y

Lm%uummmﬂmﬂamﬂmmﬂuagmamuwmnmmsaﬂq L‘]fulﬂﬂ’lﬂﬂﬂ'luﬂlﬁﬂ‘ﬂiﬂuﬂﬂ

ﬂﬁ.ﬂ’lﬂ 'ﬁii’) lluiﬂiﬂlﬁﬂﬂiﬂuﬂﬂ IﬂULﬂW']"ﬂﬂNﬂﬂuﬂu'lﬂﬂ ﬂ’J'lllﬂTJWl—J'l‘llfJ\iiu‘lJ‘IJﬂQ

v
14 o/

neil aemmaﬂnsmﬂiﬂﬁ‘lﬂﬁjqamﬂ(lﬂectro Micro Machine)  fathiueimedinih

9 9
Y Ad

a o Y o a A2 A o o =1 L] a
‘umﬂm.crmmmmﬂumumtuﬂusanmqummmﬂtytﬂuaqu

N
Tusienuativil ldigueransfiom  msesnuuy nagmsadiwemes ndh

a 2 a v a 1 4 ¥ o & '
atnuARIYialnd Tﬂmsumnmiwﬂamﬁugm'L‘ﬁaﬁﬂm ANUANHUTTZH TN

Y '

"l%lﬂmﬂﬂmﬂﬂuwvumsmm w3 oensiedani ﬂgn31a"la°luﬁu1u"lwﬁ1 iU A1
} 4
wisifinesfiddgeg U siavesezaoumsie anudutuvessznsumsifeluay
msdaneu mavesnamdumuliih wavesuin azgUsiwesFums Laz waved
o ] td'Qy 3 . dycl Y o 9/ )
dAwmdehyumswugnanluaunlif venvniideldvinmsesnuuy uaznaassais
a 1 o ] o a a o i v
vownes Iihadafilivitadn dudiguinaissn 2.5 dadwes Taadulnseadeidede
14 : ' i E [ '

myadi Mefsrnsoneiaude lulilliglnsalsnsaa IWihiilidannumunsagad
dy 9 1 ~ Sldy o 'd o_

I wamsnaaswazdeyadqilail ihilseToml uazddguinlumsesnuuy
319 unsianveined IWihade 1wuﬂs~ﬂmmwm ua“ﬂqunmﬂus zuudnsna Wi

gamaiems g luduade 1014




J.,

Désign and Fabrication of new type Electrostatic Micro Motor

Abstract
At present and in‘the future the Micro Electro Mechanical System or MEMS.

W111 be important for human hfe the same as M1cro Electromc System. In the
MEMS. Electro micro machme is the heart of the system. Then Micro motor that

be used as the power source 1s the main importance device.

This report described the experiment and results of the basic Design and
Fabrication of new type Electrostatic Micro Motor. The dependence of typé and
concentration of _impuﬁty in. silicon slab, electric. field intensity , area of silicon,
and position of silicon slab in electric field on the electrostatic force that occur in
silicon slab are reported. Finally, the design aﬁd fabrication of micro motor
with2.5 millimeter diameter are explained. The experience and all data of
experimental results is very useful for the further development of electrostatic micro

motor.
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Appendix

Part of numerical data

For X=40deg. Node X,Y coordinates Element indexes and Permitivity

Boundary conditions

Potential distribution

.= Nov 14,1998 modified by Praphaphan

‘For micromotor
'Option setting
Option Explicit -

Public Const NumberOfNodes As Integer = 112, NumberOfElements As Integer = 168

Public Kmatrix(l To NumberOfNodes, 1 To NumberOfNodes) As Single
Public Const NumberOfNodesOf1stClassBC As Integer = 20
Public Fvector(1 To NumberOfNodes) As Single
Public XcoordinateOfNode(l To NumberOf\'odes) AS Single
. Public YcoordmateOFNode( 1 To NumberONodes) As Sm°le

. node X-Coor (m) Y-Coor{m) Ine. nocel | nodej nodek | InX(F/m) |in Y(F/m}) node * Potential(Vv)
» element
1 0.00596 0.00577 1 1l - 2 15) 8.85E12] 8.85E-12 3 0
2 0.00672 '0.00557 2 15 : 2 16| 8.85E-12| 8.85E-12 4 0
3 0.0075 0.0055 3 2 3 16| 8.85E-12] 8.838.12 1 500
4 0.00828 0.00557| s 1€ 3] - 17| 8.BsE-12]  8.85E-12 12 sco
5 © 0.00904 0.00577 5 < 5 18| 8.85E-12| 8.85E-12 A7 0
6 0.00975 0.0061G5 8 1@ 5 19| 8.85E.12| 8.65E-12 18 0
7| 0.010395 0.006535| | 7 ] 6| . 19| 883E12| 3.858-12 25 £C0
8| - - 0010945} 0007105 E] 12 6 20 8.8se-12 _5.535-12 26 500
9 oot13ss|  oo0r7s] | 9{. 8 7 20| 8.85E-12| 8.85E-12 N 0
a0l 00173 - 0.00846 10 x 7 o 21| emssE-12]  8.8sE-12 T a2 o
11 001193 - 0.00922 1 7 8 21 8.85E-12| 8.856-12 39 . 5c0
12 . 0012) 0.01 12 ol 8 22| 885€-12| 8.856-12 40 500
<13 001193 0.01078 13 8 9 22{ B88SE12| a.85E-12 48 250
14 001173 001154 12 2 *9 23| e.8se-12]  8.85E-12 49 250
15 0.00613 0.00624 15 ] 10 23| 885E-12[ 8.83E-12 50 250
16 0.006805 0.00608 16 22 10 24| 8.gse-i2]  3.asg-12 51 250
a7 0.0075 0.006 .l 7 1 13 24) B88sE-12| 8.85E-12 62 250
18 0.008195 0.006C6 18 2¢ 1 25| 8.85E-12|  8.85E-12 63 20
19 0.00887 0.00624 19 12 13 26| 8.85E-12|  8.85E-12 64 250
20 " 0.0095 0.006535 2 2 13{ 27| 8.85E-12| 8.85E-12 65 250
2 0.01007 0.006935 21 12 14 27|  8.85E-12 a.ese-ﬁ
22| 0.010565 0.00743 2 1 14 28| 8.8sE-12| a.85E-12
23 0.010965, ©0.008 23| - 15 16 29 88sE-12| 885612
.24 001126 0.00863 24 29 16 30| 8.8sE-12| 8.85E-12
25 0.01144 0.009305 25 16 17 30| 8.85E-12] 8.856-12



Appendix

MatrixandVector ‘module 2
BoundCond ‘module 4
linearEquation ‘module 5

End Sub

Sub MatrixandVector()

Dim targetrange As Range

Dim membersOfElement(1 To 3) As I=zzger
Dim Bijk(1 To 3) As Single

Dim Cijk(1 To 3) As Single

Dim CondDx As Single

. Dim CondDy As Single

Dim Element As Integer
Dim ElementAreaDet As Single
Dim CirculateL As Integer
Dim CirculateM As Integer
Dim InterimValue As Single
Dim i As Integer
Dim j As Integer
For Element =1 To NumberOfElex:z=
Worksheets("element").Select
Set targetrange = Range("BT3:BX179")
membersOfElement(1) = targetraz.>2.Calls(Element, 1)
membersOfElement(2) = targetraz=2 Cells(Element, 2)
membersOfElement(3) = targetrazz2.Cells(Element, 3)
CondDx = targetrange.Cells(Eleme=. 4)
CondDy = targetrange.Cells(Eleme. 5)
Worksheets("node").Select
Set targetrange = Range("BE3:BF{ 1+
XcoordinateOfNode(membersOfEi==2nt(1)) = targetrange.Cells(membersOfElement(1), 1)
YcoordinateOfNode(membersOfE e==at(1)) = targetrange.Cells(membersOtElement(1), 2)
XcoordinateOfNode(membersOfE e=ent(2)) = targetrange.Cells(membersOfElement(2), 1)
YcoordinateOfNode(membersOfElz—ent(2)) = targetrange.Cells(membersOfElement(2), 2)
XcoordinateOfNode(membersOfE e—eai(3)) = targetrange.Cells(membersOfElement(3), 1)
YcoordinateOfNode(membersOfE ===at(3)) = targetrange.Cells(membersOfElement(3), 2)
Bijk(l) = YcoordinateOfNode(me=tersOfElement(2)) - _
YcoordinateOfNode(me=o=sOfElement(3))
Bijk(2) = YcoordinateOfNode(me=tesOfElement(3)) - o b
YcoordinateOfNode(me=exsOfElement(1))
Bijk(3) = YcoordinateOfNode(me=£esOfElement(1)) - »
YcoordinateOfNode(me====zOfElement(2))

Cijk(1) = XcoordinateOfNode(me=zesOfElement(3)) - _
XcoordinateOfNode(meio==sOfElement(2))

Cijk(2) = XcoordinateOfNode(me=ce=sOfElement(1)) - N
XcoordinateOfNode(me=t==OfElement(3))

Cijk(3) = XcoordinateOfNode(me=ZesOfElement(2)) - _
XcoordinateOfNode(mer===OfElement(1))

ElementAreaDet = (Bijk(2) * Cijx =" - Bijk(3) * Cijk(2))/2
For CirculateL = | To 3
For CirculateM = 1 To 3
InterimValue = (CondDx = =i CirculateL) * Bijk(CirculateM) + _

- CondDy * Cijk(C===_==L) * Cijk(CirculateM)) / ElemenzArz2Det
Kmatrix(membersOfElem==— Z=zulateL), membersOfElement(Circulai2M)) =
Kmatrix(membersOfElem == Z=culateL), membersOfElement(Circulaz2 M)) +:

InterimValue ;
Next CirculateM )
Next CirculateL

*. Next Element

Worksheets(*ParlOfK").Sele == ~irw-Kmatrix(sheef PartOfK)  » . = .-
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Set targetrange = Rangc("Al :DHHI2")
Fori=1To 112
Forj=1To 112
targetrange. Cells(l J) = Kmatrix(i, I
Next j
Nexti
End Sub
Sub BoundCond()
Dim targetrange As Range
Dim L As Integer

* Dim M As Integer
" Dimi As Integer
‘Dim j As Integer
. Dim Node As Integer -

Dim Temp As Single

" ForL=1To NumberOfNodesOﬂstClassBC

Worksheets("BC").Select
Set targetrange = Range("U3:V22") ,

. Node = targetrange.Cells(L, 1) = -
Temp = targetrange.Cells(L, 2)

For M = | To NumberOfNodes

Fvector(M) = Fvector(M) - Kmatrix(M, Node) * Temp
Next M ;

" Fori=1To Numb,erOfNodjes

Kmatrix(Node, i) =0
+ Kmarrix(i, Node) = 0 -
" Nexti

" Kmatrix(Node, Node) = 1
" Fvector(Node) = Temp
- NextL

Worksheets("PartOK").Select 'view Kmatnx(sheet PartOfK)
Set targetrange = Range("Al DHllZ") :

Fori=i1Tol12
. Forj=1To 112

targetrange. Cells(l, )= Kmatnx(l, j)
" Next j T

] Nexti
- End Sub

Sub linearEquation() »
Dim targetrange As Range
Dim i As Integer :

* Dim j As Integer
.Dim M As Integer .
~ Dim interimP As Single

Dim interimQ As Single
For M = 1 To NumberOfNodes
'MsgBox "M="& M -
interimP = 1 / (Kmatrix(M, M)) -
‘MsgBox "(Kmatrix(M,M))=" & (Kmatnx(M, M))
‘MsgBox "mtermlp— & mterunP :
For j = M To NumberOfNodes

Kmarrix(M, j) = Kmatnx(M, J)"manP '

" . Nextj

Fvector(M) = Fvector(M) * mterunP
Fori=1To NumberOtNodes g
Ifi< M Then
mtean Kmatrix(i, M) :
. ‘MsgBox "Imean—- & mtean
I mter.mQ <>0Then RUF

-~
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Appendix -

For j =M To NumberOfNodes
‘MsgBox "J=" & J
Kmatrix(i, j) = Kmatrix(i, j) - interimQ * Kmatrix(M, )
Next j .
Fvector(i) = Fvecto:(l) interimQ * Fvector(M)
End If .
“ End If
Next i
o - NextM
. . o " Worksheets("node").Select
j ' : . Set targetrange = Range("BG3:BG114")
S ' ' " " Fori=1 To NumberOfNodes :"
- targetrange. Cells(l) Fvector(')
* Nexti
-~ End Sub

L

L]

.7 Electric field distribution
- Nov 14th 1998 modified by Praph..cran y - .
. . - *Electric Field - , . N T
" Option Explicit ; \ :
Public PotentialOfNode(1 To NumnerOfNodes)
. Public Yi, Yj, Yk As Single -
Public Ex(1 To NumberOfElements)
.. Public Ey(1 To NumberQOfElements)
* " Public SineE(1 To NumberOfElemzurs)
=" Public E(1, To NumberOfElements)
.- Sub ElectricFieldQ
~<_ Dim targetrange AsRange
" Dimi,j, K AsInteger ~
Dim ValueOfBijk(1 To 3)'As SmJ*

. ' i - . Dim ValueOfCijk(1 To 3) As Single
- .., - " DimDoubleDelta As Single

¢ &+ . . DimVi Vj, Vk As Single

... o " Dim AA As Single

" . Dim UKOfElement(1 To 3) As Integer
- o - - Worksheets("PostprocDatal").Select
b N . © - Settargetrange = Range("AP3: ARIH")
IR - " Fori=1 To NumberOfNodes
XcoordinateOfNode(i) = targerrange.Cells(i, 1)
YcoordinateOfNode(i) = targemranga.Cells(i, 2)
PotentialOfNode(i) = targeuanve C lls(x, .7)
" Nexti

Worksheets("PostprocData2").Select

Set targetrange = Range("B4:D171%) -

For j =1 To NumberOfElements
[JKOfElement(1) = targetrange.Cells(j, 1)
DKOfElement(2) = targetrange.Calls(j, 2)

\ o ‘_ 3 ': : ' UKOfElement(3) = targeu'anae Ceus(J, 3) |
| ) : - ‘_ValueOfBuk(l) Ycoordmater.\cde(IILOEElemem(Z)) Ycoorr_—:_ 'z.\'::de(lIKOfElemem(_,))
‘_}\,..”;Kx}%OfBuk(Z) YcoordinateOD ede(lJKOfElemem(a)) Ycoor-—— = ‘Dde(UKOIElcmem(l))
. ;?giomijk(3)=Ycoordinate0. ~de(lIK0£Element(l))-Ycoor'—«-ac-;_.;de(uKomlemem(z»
-1

Vah.-*OfCuk(l) XcoordmaueO'\' e(IJ}\OfElement(a)) Xcoor::-_‘:f_:'s.-de(lJKOfEIement(Z))' .
-Xk-\J . . ;

Tae -
A A%
]
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ValueOITijk(2) = XcoordinateOrNode(IJKO(Element(1)) - XcoordinateOiNode(IJKOfElement(3))
'=Xi-Xk
ValueOfCijk(3) = XcoordinateOfNode(IJKOfElement(2)) - XcoordinateOtNode(IJKOfElement(1))
=Xj-Xi
"MsgBox "Xi=" & Xcocrd(IJKOfElement(1))
DoubleDelta = ValueOfBijk(2) * ValueOfCijk(3) - ValueOfBijk(3) * ValeeOfCijk(2)
'MsgBox "2Delta=" & DoubleDelta
Vi = PotentialOfNode(IJKOfElement(1))
Vj = Potential OfNode(IJKOfElemznt(2))
Vk = PotentialOfNode(IJKO1Elerz2nt(3))

AA =-1/DoubleDelta
Ex(j) = AA * (ValueOfBijk(1) * Vi + ValueOfBijk(2) * Vj + ValueOfBijki3) * Vk)
Ey(j) = AA * (ValueOfCijk(1) * Vi + ValueOfCijk(2) * Vj + ValueOfCijk(3) * Vk)
E() =((Ex() 2 +Ey()~2)~ (1 2))
SineE() = Ey(j) / (Ex(j) * 2 = Emj) ~2) ~(1/2))
Next j
Worksheets("PostprocData2").Selec:
Set targetrange = Range("BW4:BZ171")
For K =1 To NumberQfElements
targetrange.Cells(K, 1) = Ex(K)
targetrange.Cells(K, 2) = Ex(K)
targetrange.Cells(K, 3) = SineE(K
targetrange.Cells(K, 4) = E(K)
Next K
End Sub

Force calculation
Nov 14,1998 modified by Praphaphza
Option Explicit
Const NumberOfElements As Integer = 90
Const EO As Double = 8.8542 * [0 ~-]2
Sub Forcecalculationl()
Dim ElectricField(I To NumberOfEl:ments) As Single
Dim ForceOfElements(1 To NumberOfElements) As Single
Dim i, j As Integer
Dim targetrange As Range
Worksheets("PostProcData2").Select
Set targetrange = Range("BS4:BS93"
Fori=1 To NumberOfElements
ElectricField(i) = targetrangz.Cellsii 1)
ForceOfElements(i)=1/2* E0 * tElectricField(i)) 2 'n=1
Nexti
Worksheets("PostProcData2").Select
Settargetrange = Range("BT4:BT93")
For j = 1 To NumberOfElements
targewrange.Cells(j, 1) = ForczOfEl=ments(j)
Next j
End Sub



Potential Distributions

Appendix

3 AS



e

X=10deg.
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