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The Experimental' setup for pulse application

~ The TCB experiment was setup using the schematic diagram as shown in Figure
1. From this schematic diagram, the system consists of four DC voltage sources which
generate the voltages applied to the electrodes. The voltages applied to the electrodes

are adjuéted by changing the output voltage of these sources.

y
= HUETETEWETh
BRI URIDEIS L s

High Voltage DC-DC converters manufactured by Bellnix Co,.Ltd are used. These DC-

DC converters are designed for the applications as shown in Table 1. The DC-DC
converter model SHV12-0.5K6000P and SHV12-2.0K1000P are referred by C and A in
Figure 3-8. They provide +500 VDC and +2000 VDC for applying to the electrodes,
respectively. D and B refer to the converter model SHV12-0.5K6000N and SHV12-
1.0K1000N, which provide -500 VDC and -1000 VDC for applying to the electrodes. The
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four models of DC-DC converters are similar in size and shape. An example of the DC-
DC converters used in the experiment (model SHV12-2.0K1000P) is shown in Figure 2.
All four models as mentioned above have the configuration of SHV series is shown in

Figure 3. Each one has seven junctions presented by number one to seven.

Tabie 1 Ultra small size High Voltage Qtﬁfv I%/) Converters

S ‘4‘,

H‘_ - 4
b, | &%
Signin the Model f Input ‘ M Output | Load
Circuit ) mA K[J(min)
C SHV12-0.5K6000P 0~6.0 83.3
D SHV12-0.5K6000N 0~6.0 83.3
A SHV12-1.0K2000N 0~2.0 500
B SHV12-2.0K1000P i 0~1.0 2000
F ]
.\1. T
b __V§
T -

Figure 2 The DC-DC converter model SHV12-2.0K1000P
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Figure 3 Configurati ‘ \ ‘§

The input/output co i0 f -_.v i€ \ shown in Figure 4. The input
\ and two and the output voltage

come across the junction num ix'dnd séy ince the output of the SHV DC-DC
converters is directly proportional to 1 tvoltage. When replace R1 and R2 with the

variable resistor, and t \ m 0 V to the maximum

-

voltage as shown in Tabl& 1

y

Figure 4 Input/output configurations of SHV DC-DC converters
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Figure 5

%go
*ﬂi"@ -supph

converters. In this case, the outputvoitage of mtmwer supplies is set at 12 VDC.
N J !J

The pulling electiode, upper contro Wwer

= =
dented electrode are se@ as same as des in Segtion 3.3.1. In this part, the

Four AC-DC power

convert the AC current into voltage to the SHV DC-DC

control electrode and

aperture of the control electfodes is setup about;0.5 and 0.8 mm in diameter, which is

s v s 2 V9P o v

toner dot and the snze of dot is smalleggdistribution. &e experimental setup of TCB is

e RRTANN IUARTINYTIR Y



o d L J'J-:':‘ !‘
Figure 6 The TCB expgfiment seiUp for gyﬁe application
i =3,
‘ 4_,1'5-:-';-- :.‘:.:113

W

s -
The experlmenta!_.._-_eehm as_shown in Fioure 6-ha<tt
\

; é’éjadvantages in that the
applied voltages to the electrodes is designable and glve":r_ange of applied voltage
wider than in Section 3.3.1.
applications

Moreover this circuit is convenient for pulse voltage

onverters.

The experiment procedures to generate the tener dots of thissexperiment are
processed by adjusting the resistances of variable resistors connected with SHV DC-DC

similar in Sect»on 332 but |difference in that the adjustment of apphed voltage is
c

80
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ELFIN BASICS

Features of ELFIN

ELFIN is a powerful tool to simulate the 3D electric phenomena. It is strong in

evaluating the physical quantities, such as the electric moment in material, electric field

|
in space, electric force and Ma ,&/LFIN is based on a new method
-~ __..-d',

developed by ELF Corporation

' e ———
. Integral El -

. and prep

el

for considering ' 3 opertie M&a u I. As a result, even if the
system to be analyzed : IN completes calculation
without difficulty. Thanks to‘the atures, E an W dely apply for designing the
capacitors, electron guns, | particle accelerators, power
transmission systems, etc. More over; » he models in various sizes from

the microscopic scale tp the-celestial-scaie: :‘
Integral Element Method mM) m
IEM is a ﬁhﬁ ﬁﬁjﬁﬂﬁsm Pjr:ﬁrﬁform. and does not
require the spac q]e n it d Elc ition: It enables to obtain
without ambiguity the electric field and force at an péint in space incﬂdﬁinﬁnity from
nual

e unca ok o8 Schormdababsh b ad coidridran

Biot-Savart
law. IEM is : hybrid method of the following conventional methods:
° Moment method
. Surface charge method
. Surface current method

° Equivalent network method
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Although each method has some faults, IEM succeeded in overcoming their
weak points by combining them with one another and by appending original
improvements. Consequently, IEM achieves the fast and accurate calculation that any
conventional method has not been able to accomplish up to now. Especially, it is
remarkable that the reliability of results is sufficiently high even for a simplified model

@Iassiﬁed as follows:

composed of a small number of elements.

/0O Files

During calculation, EL

Input Files
Input files are the files that contain the'tiata o  the analysis model. Basically,
ELFIN requires 2 input files to obtai e mation about the analysis model.

¥

Geometry files a' e 2 clj-j model's geometry, or the
!

Geometry Files (*.meg)

data-lines for defining no es and elements.

cm.F..es(-nﬂuﬂ’awﬂ‘mwmn‘i

Control flles are the files that éontain the cemmands to control the analytical

rocess, 14 ol oh kel o e aid e btd orrheSoeomery

Mesh Files (*.mai)
Mesh files are the files that contain the commands to generate the elements and

nodes of material and space. MElI is the input file of ELF/MESH.



Output Files
Output files are the files that contain calculation results. To confirm and visualize

the results, refer them.

Output List Files (*.mao)

Output list files are the files that contain the progress report on analysis and the

calculation results. By checking thos vou can find whether the analysis has

been completed successfully o

Output Data Files (*.mag) ’—" ' :
Output data files q/ dntain t \ on model's geometry and the

calculation results in fi se contents using a post-

processor.

Preservation Files

Preservation files ar 2 used in analytical process.

They are the 2-way files, input files and output files
simultaneously. Namely, ELFIN ﬂq%\ﬁ in shortcut calculations, and as

output files for preservifgethe binary data._ "0
L Y]

m |

Matrix files are the filessthat contain thelelements of the coefficient matrix in the
Al
4

e

Matrix Files (*.mat) Iﬂ

ouﬂaa MMQAwﬂuﬂﬁmm PASS GENE

determination eq

AN AN IUNMINGAE

Moment files are the files that contain the input data (node-coordinates, D-E
data, symmetry conditions, etc.), the data for determining the configuration of electric
moments, and the quantities related to the electric moments. You need a moment file to

execute PASS SOLV Calculation.
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Elements and Nodes
A geometry model is composed of 1 or more elements; an element consists of 1

or more nodes. The elements in ELFIN are grouped into 2 types:

. Material elements

The elements with the source of electric field such as the electric moment and

surface charge , ,ﬂ
. Space elemen /

The elements at whi

Every element is identi dex | -* ed Element ID (EID), and its material
property is fixed through the i Material ID (M1D), You can specify an element
different EIDs are definitely
distinguished from each classification of elements,

the nodes also are categoriz

e  Material nodes

The nodes able {0'be

V.

. Space nodé

The nodes able to begome vertexes of space elements

Every nodﬂurﬁdé,‘lm&m snw ,Hf]ﬂ@) and any 2 nodes

with different Nle are definitely distinguished fromeeach other. Material nodes and
sce nee b Bl bl 18 hechdl] bhid ot poper
according to the purpose. Namely, you have to use only material nodes for creating
material elements, and only space nodes for creating space elements. Also, even if they
happen to have the same NID, a material node and a space node are never confused

owing to the strict distinction between them.

Notes on Creating Nodes and Elements

In creating nodes and elements, note the following points:
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° You can create more than 1 node or element on the same location (multi-
creation).

. You can use NID, EID, MID discontinuously.

. You can create a node not belonging to any element (the isolated node).

° You can create a node th: vertex of a particular element but is not a

vertex of another neighb id-node).

° It is not alw. ' ha elements share the nodes on

Axial Symmetry -ﬁ%
A system has axi t “lf att-of a \ ditions are kept under the

rotation through an arbitr Z-aX

- B

e Geometryisin i > SEC g the z-axis.

° The pattetn L._.._.__.._...._.__._-._.. ....................... S S ﬁ'_

For an axisymm € rbitrary plane including the

4
z-axis (let this plane be t e XZ- plane) is the pnnmpal part. In creating the axisymmetric

model, notethatﬂuﬂq ‘V]E]‘n‘ﬁw&ﬂ’]ﬂi

«  You have to use only axisypmetric elements.
QP VSR AWE NWJ'AV] 1R Y

« The dielectric body, electrets and potential elements cannot have their
edges just on the z-axis.
o Only the z-directional mirror symmetry can apply to axisymmetric models.

Note that an axisymmetric element is treated as a 2D element in designing

geometry but it actually represents a body or surface of revolution.
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Elfin Input Files

Etest.mei file

* PARALLEL PLATES
* ELEMENTS

ke ek e ok ek ok e dek ek ok ok ok

G30100

G301000

E21011020f 4,

GUEINENTNINT
RN TN INAY

OG 1 10000 EGR1
OE 1 10000 ESR
CG 110000

CE 110000



R(2)

G30 1(10) 0.0(1.0) 0 0.0

R

R(2)

G302901(10) 0.0

FBO 1 11

R(10/29)
E40 4 1(1/100) 2:

R

0G1 100 GR2

FI‘U‘EI"WIEWI?W BN
ﬂﬁ?ﬁﬂﬂ‘itﬂﬂﬁ’l?ﬂﬂﬂﬁﬂ

* DENTED PLATES
* ELEMENTS

G301000

G3010500.2



G30125000.2

FLO11011

FLO 101211

R(11)

E2 1(1) 1 1(1) 2(1)

E2 4024045

\Z

0G 110000 EGR1

HUFINeningIns

CG1110000

AN TN TN

R(2)
G30 1(10) 0.0(1.0) 0 0.0

R



R(2)

G302901(10) 0.0(1.0) 0 1.98

R

FBO 11129112901 1100

R(10/29)
E40 4 1(1/100

R

OG 1 10000 EGF

OE 1 10000 ECO

e e e e e e

*TCB
L
* ELEMEN

"'ﬁ‘ﬁ'*ﬂ"‘i"ﬁ“ﬂmw Talik)
ARIRIN TN TN

G3010500.2

G30125000.2

FLO11011

FLO 101211

91



R(11)

E2 1(1) 1 1(1) 2(1)

R

G30300400.7

G30351.500.7

FLO303511

G3060 0.
G3065 1.

FLO 60 65 1

R(4)
E2 3027 ¥,

E2 60 2 60 69

AU INYNTNYINT
AWIRATU UM INYAY

GMO0 6060244000

FLO 300 304 1 1

GM03535275000

GM0 6565249000



FLO310314 11

E2 300 2 300 304

E2 3102310314

G30900.401.
G30951.50 1.

FLO 90 95

G30 120 0.

G30 125 1.

5212031'»i25

ﬂUEl’J‘VIEWIﬁWEW']ﬂ’i

GM 090230000

’QWMM‘MJ&IW]’JV]EJMH

GM09595235000

GM0 125125205000

FLO 320324 11



FLO 33033411

E2 320 3 320 324

E2 330 3 330 334

G3015000 1.98

G30 155500 1.98

FLO 150 1

E2 150 4

OG 1 10000 EGF

OE 110000 ESR

CG 110 *f:(

C

ammmmumwmaﬂ

R

R

-

E 110000/

Fi‘LIH’J‘VIEWIiW gN9

()

G302901(10) 0.0(1.0) 0 1.98

R

94



FBO 11129112901 1 100

R(10/29)

E40 4 1(1/100) 2= 102= 1013 |

R

AULINENINYINS
ARIAATAUUNINGIAY
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Etest.mai file

* ELECTRIC FIELD CALCULATION
* PARALLEL PLATES (DENTED PLATE)

SOL MOME
GSCA 0.001

*NONL 0

VOLT 10
VOLT 2 300

ECHO OFF

Al ingninens
RIRINTUUNIIN Y

ECHO OFF
DMEG
END
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* ELECTRIC FIELD CALCULATION
*TCB (CONDITION 0, 100, 200, 300 V)

SOL MOME
GSCA 0.001

*NOGO
* PASS GENE

ECHO OFF
DMEG
END

END

ﬂ'NEl’J‘VIEWI‘iWEI']ﬂ’i

L

mmmmmumwmaa

DMEG



Btest.mei file

98

* INITIAL CONDITION OF PARTICLE
*TCB

R(5) e
— :
G30 1(1) 0(0.08 "“T;?’:" i”

0G 120 BGj '

R(5)
G30 1(1) 001

R

Quﬂ'malmwmm

ammnmumwmaﬂ



Btest.mai file

e e e e e ok ok e ok ke ke ok ke ke ok e ke ke ke e ke ko

* ELECTRIC GUN
* ELF/BEAM

SOL BEAM
*RELA
VOLT 1
TIME 1 2
STEP 1 20
CHAR -3.5E-15

MASS 1.42E-
RUBA 1.92E-9

GSCAL 0.00,

#1ti ININTNYINT
ARIANTAUNNIINGIAY
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Function in ELFIN/MESH

G30NP xyz

NP: Node ID.x, y, z: Coordi

G30 creates a node on

Example

G30130.0.0.
G307 0.30.0.
Node 1 is created on (30, 0y Q).

Nodemeateﬂwawmw gIn3
Lo wwmmmum'swmaﬂ

N1, N2: Node ID of the already defined node.

N: Absolute value of'ir;crement of Node ID.
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r: Ratio of division.

FLO creates a series of nodes between two already defined nodes (NID=N1,N2).

FLO can subdivide the line segment N1-N2 in geometric series.
The number of created nodes (n) is the maximum integer which satisfies the foilowing

inequality.

MID: Material ID.

N1,N2: Node ID of the already defined e
e,

TR I
E20 defines Biement fc el apd a surface element for a

axisymmetric model. | =F Y )

Iy 1}

FBO N1 N2 N3 N4 N12 N1*£ r14

ﬂUEl’JﬂﬂﬁWl‘iW Al
L o/

:
Ni+N12 @ rl2

FBO1545411101.21

N1,N2,N3,N4: Node ID of the already defined node.

N12: Increment of Node ID in the direction from node N1 to npde N2.
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N14: Increment of Node ID in the direction from node N1 to node N4.

r12: Ratio of division in the direction from node N1 to node N2.

r14: Ratio of division in the direction from node N1 to node N4.

FBO creates a 2-D array 10des on the quadrangle composed of four

already defined nodes (NID=N,}

The node

equations:

N2 =N1+ (m-1) *N12,
N4 = N1 *(n-1) * N14,

N3 =N1+ (m-1) *N12 +
~ (m: Number of nodes on fhe

(n: Number of nodes on the li

GMON1N2Nxyz -

J

1)

44,4

ﬂumwm

-
,4
.
ra
I
;

N1+N

EHEMS
RN TRBIMITTEAE

N1~N2

N1: Minimum Node ID.
N2: Maximum Node ID.
N: Increment of Node ID.
X, Y, z: Displacement.

GMO duplicates the already defined nodes (NID=N1~N2).
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NID of a newly created node is NO+N (NO: NID of the original node).

The quantity (x, y, z) gives the displacement of a created node from an original one.

Example

GM0 117 500.0.10. X
GMO duplicates the alreadydefine

NID of a newly created node 0{(NO: inal node).
A A

AT

The displacement is (0. 0. 10.).

R function e ..rl

R line makes the mode ‘-, J:
i

R: Non-loop mode, .

R(N1): Single-looﬂ-.ﬂ,g[ fj' q{ B,n %’w El ,] n ‘j

R(N1/N2): Double-igop m

IR M AN Y

Write the iteration counts in the argument of R line.

Write the increment of each parameter in the data lines.

OG NS NE MF
NS: Minimum Node ID.
NE: Maximum Node ID.
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MF: Either "MGR1" or "MGR2" (for ELF/MAGIC).
OG defines the type of nodes and outputs the node data into MEG or MEO.
Only MGR" or MGR2 is available as the header for a line defining a node.

Example 1

OG 1 3000 MGR1

OG outputs the node data into MEO when you omit MF.
OG outputs the material node d :@der "MGR1".
BOOK MEP 1.320000000(')’—-' ’

MGR1 1 0 3.0000000 00 '-1; +00 .0000000000000E+00
2 \ \ +00 .0710678118655E+00
MGR1 3 0 2.4142135 . H‘\‘\\i +00 .4142135623731E+01
4 \\ D000E+00 .1213203435596E+01

\\

MGR1

MGRH1 0 2.1213203 1. 000

CG NS NE

NS: Minimum Node ID.

NE: Maximum Node l‘,- :

CG clears the data conc ‘ inc

Use CG after making the atenal nodes, and you can reuse NIDs for space nodes.

OENSNENAMQTJ&I‘"J wBW§WH"]ﬂ‘§
=R RN T NN INYINY

NE: Maxumum Element ID.

NAME: Element name.

OE defines the type of elements and outputs the element data into MEG or MEO.
Specify the first three characters (without the number of nodes) of the element header

for NAME.
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The number of nodes which belongs to the element is automatically given.

OE outputs the element data into MEO when you omit NAME.

Example

OE 1 3000 MMB

OE outputs the material element data i % (ﬁeader "MMB?". OE gives each

data line the fourth char i (the number of nodes which compose the
element).

MmMB8 11 1 1

MMB8 12 1 2
MMB8 13 1 3
MMB8 14 1 4
MMB8 15 1 5
MMB8 16 1 6
CE NS NE

:;";:ztzimmw nNgn3
QTR IAN A

Use CE aftér making the material elements, and you can reuse EIDs for space elements.

Comment line
The character "' at the head of line indicates comment line.

ELF/MESH ignores the comment lines.
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Nodes

Header Application
EGR1  Material node

EGR2 Space node

In ELFIN, yowean.use 2 kin é,he material node and the space
e

node. These nodes are_gui d it is necessary to use them
properly according to se only material nodes in
creating material elemes g space elements.
EGR1

A materiz fial element with the sources of

urface charges.

electric phenomena such PO
e “.-:"_-J z

oA

Definition in MEG L7 .

i
1l I8

EGR1NID'GID XY Z -

AULINENINYINg
AWM INAE

* A material node is not allowed to become a material element alone.

* A material node is able to have the same NID as that of a space

node.

-



EGR2
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A space node, or a vertex of a space element on which the electric field is evaluated.

Definition in MEG

Remarks

EGR2NID GID XY Z

The vect "the coordi the node.
A space podelis e element alone.

1 & : || “'.
A space node e {o have the same NID as that of a material node.

g

'

AULINENINYINS

ARIANTAUIM TN
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Electric field data of TCB for condition 0, 100, 200, 300 V

109

-EX- -EY- -EZ- E(V/M) PHI-(V) -X- Y= -Z-

7.25E-09 9.93E-10 5.70E+04 5.70E+04 -6.15E-01 0.00E+00 0.00E+00 0.00E+00
-2.43E+03 3.95E-09 4.13E+03 4.80E+03 -3.53E-01 1.00E-04 0.00E+00 0.00E+0C
-2.02E+03 2.82E-09 2.11E+03 . -1.30E-01 2.00E-04 0.00E+00 0.00E+00
-1.47E+03 3.21E-09 8.42E+02 - 4,59E-02 3.00E-04 0.00E+00 0.00E+00
-6.72E+02 3.12E-09 4.00E-04 0.00E+00 0.00E+00
7.97E+02 3.02E-09 5.00E-04 0.00E+00 0.00E+00
1.01E+03 2.94E-09 6.00E-04 0.00E+00 0.00E+00
-2.41E+02 3.15E-09 . 7.00E-04 0.00E+00 0.00E+00
-5.23E+02 2.95E-09 8.00E-04 0.00E+00 0.00E+00
-4.50E+02 2.81E-09 9.00E-04 0.00E+00 0.00E+00
-1.19E+02 3.19E-09 1.01E-0 N 1.00E-03 0.00E+00 0.00E+00
4.40E-10 2.65E-10 J 852E+00 0.00E+00 0.00E+00 6.83E-05
1.77E+03 2.75E-10 8.42E+00 o 1.00E-04 0.00E+00 6.83E-05
2.65Ié+03 2.38E-10 2.00E-04 0.00E+00 6.83E-05
3.38E+03 9.60E-10 3.00E-04 0.00E+00 6.83E-05
4.27E+03 1.28E-09 4.00E-04 0.00E+00 6.83E-05
5.64E+03 1.83E-09 5.00E-04 0.00E+00 6.83E-05
6.06E+03 2.23E-09 l.:‘ 0.00E+00 6.83E-05
5.23E+03 2.89E-OQI Py g 0.00E+00 6.83E-05
5.05E+03 3.00E-09 j 3 : r 8.00E-04 0.00E+00 6.83E-05
5.19E+03 3.02E-09 - A48E+05 1.48E+05 4.83E+00 Dg.ooe-o:: 0.00E+00 6.83E-05
5.61E+03 3.37E-09 -TQWS 1.49E+05 4.29E+00 1.00E-03 0.00E+00 6.83E-05
4.62E-10 1.(ﬁ1(u E\JZ)Q’any EJQ%G WE%J ’] ﬂEﬁO 0.00E+00 1.37E-04
1.10E+03 2.63“ 0 -1.39E+05 1.39E+05 1.79E+01 1.00E-04 0.00E+00 1.37€E-04
1.92E+0Q %;ETO -1.40E+ £ 1":1 +05, 1 .Q0E:04 E+00 1.37E-04
2.64E+0 3E 1@ ﬁﬁ+$ MHS 11‘15 1V gjoe- 4 gE+OO 1.37E-04
3.43E+03 9 3.96E-10 -1.42E+05 1.43E+05 1.72E+01 4.00E-04 0.00E+00 1.37E-04
4.30E+03 6.24E-10 -1.44E+05 1.44E+05 1.68E+01 5.00E-04 0.00E+00 1.37E-04
4.68E+03 9.26E-10 -1.46E+05 1.46E+05 1.64E+01 6.00E-04 0.00E+00 1.37E-04
4.55E+03 1.02E-09 -1.47E+05 1.47E+05 1.59E+01 7.00E-04 0.00E+00 1.37E-04
4.57E+03 1.19E-09 -1.48E+05 1.48E+05 1.54E+01 8.00E-04 0.00E+00 1.37E-04
4.79E+03 1.54E-09 -1.49E+05 1.49E+05 1.50E+01 9.00E-04 0.00E+00 1.37E-04
5.18E+03 1.92E-09 -1.50E+05 1.50E+05 1.45E+01 1.00E-03 0.00E+00 1.37E-04
1.88E-10 6.69E-11 -1.40E+05 1.40E+05 2.75E+01 0.00E+00 0.00E+00 2.05E-04
6.87E+02 1.69E-10 -1.41E+05 1.41E+05 2.74E+01 1.00E-04 (;.00E+00 2.05€-04
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1.29E+03
1.87E+03
2.52E+03
3.18E+03
3.61E+03
3.82E+03
4.02E+03
4.32E+03
4.69E+03
2.54E-10
3.48E+02
6.87E+02
1.08E+03
1.58E+03
2.17E+03
2.70E+03
3.10E+03
3.45E+03
3.81E+03
4.20E+03
9.86E-11
2.36E+01
6.14E+01
2.04E+02
5.81E+02
1.19E+03
1.85E+03
2.41E+03
2.87E+03
3.29E+0
3.70E+0Q
2.71E-10
-3.01E+02
-6.16E+02
-8.14E+02
-5.89E+02
1.48E+02
1.04E+03
1.77E+03
2.32E+03

5.89E-11 | -141E+05 | 1.41E+05 | 2.73E+01 | 2.00E-04
251E-10 | -1.42E+05 | 142E+05 | 272E+01 | 3.00E-04
319E-10 | -1.44E+05 | 144E+05 | 270E+01 | 4.00E-04
528E-10 | -1.45E+05 | 145E+05 | 267E+01 | 5.00E-04
348E-10 | -1.46E+05 | 147E+05 | 263E+01 | 6.00E-04
6.31E-10 | -1.48E+05 | 148E+05 | 260E+01 | 7.00E-04
6.92E-10 | -149E+05 | 1.49E+05 | 2.56E+01 | 8.00E-04
7A1E10 | -1.49E+05 2526401 | 9.00E-04
1.04E09 | -1.50E+05 476+01 | 1.00E-03
118E-10 | -1.41E+05 0.00E+00
1.26E-10 1.00E-04
1.34E-10 2.00E-04
2.32E-10  3.00E-04
-5.23E-11
4.13E-10
8.13E-11
2.54E-10
3.73E-10
4.30E-10 9.00E-04
5.83E-10 | -1.51E405 |4451E+c 1.00E-03
20611 | 141608l EarE v 0.00E+00
FHATE
9.026-11 -1.415+q_5;§@,g%
4.40e-11 [ ) 1426405 | 1.42E+05
2.93E-10 Y
-6.09E-11 Tt
spsero |WaEeos | 1aee405 EE.ooe-olz
412611 | -1%gEBos | 1.48E+05 6.00E-04
BN RENAS
322840 | -1.50E+05 | 1.50E+05 | 4.50E+01 | 8.00E-04
9E-10,.| a1.51E+ fif + 6E301
WS S D £
726E-11 | -1.41E405 | 141E+05 | 564E+01 | 0.00E+00
458E-11 | -141E+05 | 141E+05 | 564E+01 | 1.00E-04
307E-11 | -1.42E+05 | 142E+05 | 564E+01 | 2.00E-04
174E-10 | -143E+405 | 1.43E+05 | 565E+01 | 3.00E-04
202610 | -1.45E+05 | 145E+05 | 566E+01 | 4.00E-04
214E10 | -1.47E+05 | 147E+05 | 566E+01 | 5.00E-04
255611 | -1.48E+05 | 1.48E+05 | 565E+01 | 6.00E-04
723611 | -1.49E405 | 1.49E+05 | 564E+01 | 7.00E-04
1556-10 | -1.50E+05 | 1.50E+05 | 562E+01 | 8.00E-04

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E +00

E+00
Ej&oo
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
2.73E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
3.41E-04
4.10E-04
4.10E-04
4.10E-04
4.10E-04
4.10E-04
4.10E-04
4.10E-04
4.10E-04
4.10E-04
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2.76E+03
3.19E+03
9.77E-11
-6.03E+02
-1.33E+03
-2.07E+03
-2.12E+03
-1.04E+03
2.59E+02
1.18E+03
1.79E+03
2.24E+03
2.66E+03
1.64E-10
-8.12E+02
-1.96E+03
-3.66E+03
-4.45E+03
-2.42E+03
-3.92E+02
7.12E+02
1.32E+03
1.73E+03
2.09E+03
2.41E-10
-8.13E+02
-2.16E+03
-5.29E+03
-9.11E+03
-3.74E+03
-6.98E+0
4.11E+02
9.28E+02
1.24E+03
1.49E+03
6.11E-11
-5.34E+02
-1.46E+03
-4.45E+03
-3.05E+04

2.40E-10
3.32E-10
-4.16E-11
2.00E-10
-4.66E-11
-1.22E-10
1.18E-10
3.79E-10
2.13E-10
1.44E-10
-3.18E-11
8.96E-12
9.39E-11
4.99E-11
-3.94E-11
-3.95E-11
9.62E-11
-1.06E-11
1.71E-10
-2.57E-10
7.28E-11
-4.78E-10

-2.49E-10 (

-1.35E-10
1.34E-10
3.12E-10

-1.22E-10
2 0

-1 .78%0

-5.11E-11

0E-10

-5.48E-10

-6.9.1 E-10

-1.08E-09

-6.21E-10
7.10E-11
4.31E-10

-1.05E-11
6.25E-11

-1.18E-09

-1.51E+05
-1.52E+05
-1.40E+05
-1.41E+05
-1.41E+05
-1.43E+05
-1.45E+05
-1.48E+05
-1.49E+05

Fl-1 .52E+05

-1.51E+0557 1
-"":

1.51E+05
1.52E+05
1.40E+05
1.41E+05
1.41E+05
1.43E+05
1.45E+05
1.48E+05

5.59E+01
5.56E+01
6.60E+01
6.60E+01
6.61E+01
6.63E+01
6.65E+01
6.66E+01

-1.38E+05
-1.88E405

.38E+

-1.45E+05
-1.51E+05
1.51E+0
-1.51E+05
-1.62E+05
-1.52E+05
-1.63E+05
-1.38E+05
-1.37E+05
-1.36E+05
-1.33E+05
-1.44E+05

1.38E+05
1.38E+05

184

1.45E+05
151€+05
1
1.51E+05
1.52E+05
1.52E+05
1.53E+05
1.38E+05
1.37E+05
1.36E+05
1.33E+05
1.47E+05

NUNP

8.72E+01
8.71E+01
8.70E+01
8.69E+01
9.44E+01
9.45E+01
9.46E+01
9.48E+01
9.62E+01

9.00E-04
1.00E-03
0.00E+00
1.00E-04
2.00E-04
3.00E-04
4.00E-04
5.00E-04
6.00E-04
7.00E-04
8.00E-04
9.00E-04

5.09E-04
6.00E-O4
7.00E-04
8.00E-04

.00E+00

.00E-04
2.00E-04

E-
4.00E-04

8.00E-04
9.00E-04
1.00E-03
0.00E+00
1.00E-04
2.00E-04
3.00E-04
4.00E-04

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0QE+00
%jE*OO
0.00E~00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

4.10E-04
4.10E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78€E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
5.46E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.14E-04
6.83E-04
6.83E-04
6.83E-04
6.83E-04
6.83E-04
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-2.97E+03
-3.87E+02
3.05E+02
6.04E+02
7.60E+02
-2.07E+03
2.12E+03
-1.04E+03
2.59E+02
1.18E+03
1.79E+03
2.24E+03
2.66E+03
1.64E-10
-8.12E+02
8.61E+02
-4.63E-11
-6.68E+01
-1.44E+01
1.226+03
3.32E+04
1.53E+03
3.82E+02
3.27E+02
3.33E+02
3.05E+02
2.35E+02
-4.03E-11
3.59E+02
1.126+03
3.55E+0
7.786+03
3.13E+03
9.40E+02
3.43E+02
8.28E+01
-1.25E+02
-3.65E+02
-6.85E-11
5.95E+02

-1.32E-09
-1.37E-09
-1.02E-09
-1.23E-09
-1.12E-09
-1.22E-10
i.18E-10
3.79E-10
2.13E-10
1.44E-10
-3.18E-11
8.96E-12
9.39E-11
4.99E-11
-3.94E-11
-6.64E-10
4.65E-11
3.99E-10
-2.21E-10
2.51E-10
1.55E-09
1.88E-09
1.40E-09 l.:.
1.03E-09
5.10E-10
6.46E-10
6.83E-10

A

3.63‘110

1.08E-10
4;:5]1
2.46E-10
6.83E-10
6.71E-10
5.78E-10
9.42E-10
6.94E-10
6.78E-10
1.67E-11
2.17E-10

-1.54E+05
-1.52E+05
-1.52E+05
-1.52E+05
-1.52E+05
-1.43E+05
-1.45E+05
-1.48E+05
-1.49E+05

1.54E+05
1.62E+05
1.52E+05
1.62E+05
1.52E+05
1.43E+05
1.45E+05
1.48E+05

-1.44E+05

s

- N 1.00E-03
' N

9.74E+01 5.00E-04
9.75E+01 6.00E-04
9.75E+01 7.00E-04
9.75E+01 8.00E-04
9.74E+01 9.00E-04
6.63E+01 3.00E-04
6.65E+01 4.00E-04
6.66E+01 5.00E-04
6.67E+01 6.00E-04
B6E+01 7.00E-04
8.00E-04

9.00E-04

1.00E-03
0.00E+00

.00E-04

0.00E+00

4E+02

—1.44E+05 | 1
o
1.45E+05

-WA5E4£05

By
-1.37E+05
-1.36E+05

N b

-1.40E+05
-1.44E+05
-1.44E+05
-1.44E+05
-1.44E+05
-1.44E+05
-1.45E+05
-1.38E+05
-1.38E+05

1.45E+05
1.45E+05 ¢

1.37j+05

1§6E+05

+05
1.40E+05
1.44E+05
1.44E+05
1.44E+05
1.44E+05
1.44E+05
1.45E+05
1.38E+05
1.38E+05

1.04E 1.00E-04
- 1.04E+0 2.00E-04
05 4Jl 1.04E402 3.00E-04
4.00E-04
5.00E-04
1.02E+02  [=9.00E-04
1.02E+02 1.00E-03
#1175
1136402 | 1.00E-04
1.136%02 2.00E-04
e 842
1.12E+02 4.00E-04
1.12E+02 5.00E-04
1126402 | 6.00E-04
1.11E+02 7.00E-04
1.11E+02 8.00E-04
1.11E+02 9.00E-04
1.12E+02 1.00E-03
1.23E+02 | 0.00E+00
1.23E+02 1.00E-04

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.0CE+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

6.83E-04
6.83E-04
6.83E-04
6.83E-04
6.83E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
4.78E-04
5.46E-04
5.46E-04
6.83E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
7.51E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.19E-04
8.88E-04
8.88E-04
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1.49E+03
3.02E+03
4.05E+03
2.52E+03
1.01E+03
2.65E+02
-1.71E+02
-5.30E+02
-9.16E+02
4.37E-11
6.61E+02
1.43E+03
2.24E+03
2.52E+03
1.78E+03
8.06E+02
9.44E+01
-4.34E+02
-9.05E+02
-1.41E+03
7.54E-11
6.57E+02
1.27E+03
1.70E+03
1.22E+03
5.24E+02
-1.21E+02
-6.95E+02
-1.25E+03
-1.83E+03
2.27E-11
6.75E+02
1.19E+03
1.41E+03
1.26E+03
8.26E+02
2.64E+02
-3.34E+02
-9.40E+02
-1.56E+03

9

-1.24E-10
2.28E-10
2.54E-11
3.86E-10
1.13E-10
2.76E-10
1.29E-10
6.04E-10
7.13E-10
7.78E-11
3.17E-10
1.62E-10
2.17E-10
1.20E-10
4.51E-10

-2.28E-10
4.49E-10
1.45E-10

-2.81E-10
2.28E-10

-9.89E-11
5.16E-10

-3.22E-11
1.52E-10
5.21E-10
1.20E-10
3.24E-10
7.41

1.47E-'“

Q94

4.88E-10
5.94E-11
9.04E-10
3.45E-10
1.91E-10
6.71E-10
1.54E-10
9.63E-11
-2.42E-10

6

o i

-1.38E+05
-1.38E+05
-1.40E+05
-1.43E+05
-1.43E+05
-1.43E+05
-1.44E+05
-1.44E+05
-1.45E+05

1.38E+05
1.38E+05
1.41E+05
1.43E+05
1.43E+05
1.43E+05
1.44E+05

1.22E+02
1.22E+02
1.22E+02
1.22E+02
1.21E+02
1.21E+02
1.21E+02
1.21E+02

1.21E+02

11316402

2.00E-04
3.00E-04
4.00E-04
5.00E-04
6.00E-04
7.00E-04
8.00E-04
9.00E-04
1.00E-03
0.00E+00
1.00E-04
2.00E-04

. 3.00E-04

4.00E-04
5.00E-04

02 | .6.00E-04

7.00E-04

" 8.00E-04

9.00E-04
1.00E-03
0.00E+00

[
E2E+05

-1.48E405

i34

-1.43E+05

N2k

-1.41E+05
-1.41E+05
-1.41E+05
-1.41E+05
-1.42E+05
-1.42E+05
-1.42E+05
-1.43E+05

-1.43E+05

1.42E+05
1.43E+05

B

1.43E+05
41E
1.41E+05
1.41E+05
1.41E+05
1.41E+05
1.42E+05
1.42E+05

1.42E+05
1.43E+05

1.43E+05

1.41E+02 00E-04
_?'.41E+02 7.00E-04
Ve f]sfi-o
141E+02 | 9.00E-04
1 ﬁ 1 v
Rebd PheL
1.51E+02 1.00E-04
1.51E+02 | 2.00E-04
1.51E+02 | 3.00E-04
1.51E+02 | 4.00E-04
1.51E+02 | 5.00E-04
1.51E+02 | 6.00E-04
1.51E+02 7.00E-04
1.51E+02 | 8.00E-04
1.51E+02 | 9.00E-04

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0808 00
ﬂ OEIWO
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

8.88E-04
8.88E-04
8.88E-04
8.88E-04
8.88E-04
8.88E-04
8.88E-04
8.88E-04
8.88E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
9.56E-04
1.02E-03
1.02E-03
1.02E-03
1.02E-03
1.02E-03
1.02E-03
1.02E-03
1.02E-03
1.02E-03
1.02E-03
1.09E-03
1.09E-03
1.09E-03
1.09E-03
1.09E-03
1.09E-03
1.09E-03
1.09E-03
1.09E-03
1.09E-03
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-2.20E+03
-6.71E-11
7.91E+02
1.32E+03
1.37E+03
1.01E+03
5.55E+02
6.78E+01
-5.07E+02
-1.15E+03
-1.83E+03
-2.52E+03
-2.74E-11
1.07E+03
1.76E+03
1.65E+03
8.76E+02
3.45E+02
-3.90E+01
-6.12E+02
-1.32E+03
-2.07E+03
-2.81E+03
-3.14E-10
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The experimental results: aperture diameter of 0.5 mm, V4-V3=200 V
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The experimental results: aperture diameter of 0.8 mm, V4-V3=200 V
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