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NATTAWAT YACHUM : DEVELOPMENT OF VACUUM PRESSURE
CONTROL SYSTEM IN VACUUM CHAMBER. THESIS ADVISOR :

ASSOC. PROF. JIRAPHON SRISERTPOL, Ph.D., 136 PP.

CONTROL SYSTEM/VACUUM PRESSURE/VACUUM CHAMBER

High-quality utilizable synchrotron light, it needs ultra-high vacuum in the
vacuum tubes at approximately 108to 10! torr. Inside the light beam tubes, there is
a tendency that the movement of a light beam might bump against the tube walls. This
causes heat around the bumped areas and dissociation of gas or fume from the walls.
Consequently, the pressure gets higher and the quality of the light decreases. Therefore,
it can be solved by ultra-high vacuum in the light beam tubes can rapidly reduce such
the higher pressure. To generate ultra-high vacuum, the Synchrotron Light Research
Institute (Public Organization) uses the primary vacuum pressure pumps (Rough pump
and Turbo molecular pump) which can produce pressures from about the atmospheric
pressure up to 108 torr and then changes to the ultra-high vacuum pump, for instance, a
sputter ion pump, which can release pressures up to 10 torr. The control of the sputter
ion pump performance currently has human control. It may lead to an error due to the
wrong pumping control. This research aims to develop Automatic Control System of
Vacuum Pressure in Vacuum Chamber. Therefore, that it can work automatically and
increase the efficiency of the ultra-high vacuum control by Pl-controller. The developed

sputter-ion pump vacuum pressure control system one can preserve the vacuum pressure



level in the ultra-high vacuum area as well as the control system set imported from
foreign countries. It will be able to preserve the pressure level to decrease or return to
normal rapidly, When the load increased. Moreover, Cost of construction is lower than

set imported from foreign countries about 90%

School of Mechanical Engineering Students Signature

Academic Year 2016 Advisor-s Signature




a a\ 1J
NAANIINUITNIA
a a 2 o a o & ' Y A Yo aw ] Hq v
Inentinusiduiiumsduiogarslided giriseveveunszam yanaais q 1l
o 2 o o ] A Z’, Y a o a a o = ]
AfSnw vz uazdremae naluduivins maduiuauive soulldamineau
[ Y
A9 9 NIMITANVAZAIN TUNITINUIVG ATl
a J A Aq Y o = ) @ v =K
nignirInemaasuaznaulad Aldnmsaiuayunumsane dusuinanu,
[ o a v Aav a o
szAUagiafAnE ao1iudtonasFulasnsou (998NTUHII)
v aw a J a 4 a A
aaniudtenasdulnsasou (pIANIVMIFY) NTENTNINewaasuazmaIulad 0
Y o A A A aw Ao aw
lal¥msmivayunsesionldluauidte aouihine
4 a =) = A (R a a s A Y Y
FOUMANTINTE AT 9520 A31a5gHa 8191500 Inerinus nlangu i
o o ' A Y 1 a o Y o 9 Y
Awuzih Femide Tumsuntymiaie 9 lwauide aaeasuldmsmivayudmisiluns
o A a 1 a a o’y 3 Qy
ANIUFIARIIANUINAA1DE19ZI AADALIIUINGITNUF HIa5VFY
do @ A J ' Ay ¥ a £ a 9 o
aasddnindenssumansnnniu f ldlsz@nslszaminanug eusudiaou
° 0 4 < { °
Tdfwuzihinaaed 9191356 a3.1a5g1 udams 2 langanldmalsnuims@euunanunis
M LazMIMINGINUT
L4 v Ao a 4
AugnsTa Yyagel, i nasuauysal aoniuIteudsdulnsasou (098013
' 1] (23
w1 g Idauuzaihlumslseseslodugyina sagdumuzihlumsldganiugu
¢ & A Yo -y g & )
wrneigwnarelugyyina ennsduiludssuadndunuutugyame tazdunuuya
J o & 7 4 a v Aawv a J
WnesFuwatetugyy A augwanl nawded aoiuItonasdulnsasou (0913
= Yo ° a o awv = a
vy 11 1daSs nvwazuuziiunatialumshauide utazmsiFeuunanunieinnms
' ] '
HAZINOUIINAIUNNNIY AaoANd Al 9 103 9 nquItevesan1iuIteuaigulasasou
4 9}d‘d U A 9 A 1 A Y Ay o & 1 9 =
(03Msumay) nazgniidanerdesnauniidiuaiemae Ifnuisedusogaslidaed

J
a v A [

'
auande Usziual quidadna vyuiles auquns Tougau AuogyAna

]
=

@ S a Yo 1 9 ao
WINYUNA LLAT AUTFINQ VNN V]iﬁﬂﬁ.ﬁﬂ‘]&l11“@‘3“%@\1?]31%31“\11“3%8

L)

Y
A YA v 1

MolAI96YNI1VYDUNTEAM AUNOANII0 82N LazAMUITAOINTEl oz
= o Aq ¥ it Y q 9 ) = 3 " A
iﬁllﬂ\iﬂﬁi’]‘]_lﬂﬁ’f]‘ﬂslﬁﬂ']if’)‘]_lﬁlllaﬂﬂﬂ Lla31W19ﬂ1ﬁ1uﬂ1\1ﬂ1Uﬂ15ﬁﬂHHﬂuﬂﬂhlﬂﬂﬂaﬂﬂlﬂfﬂu

WlidisodszaunadiFludinnaoau uazaaen



avey

%4
Hin
UNAATD (N VH YN oo f
UNAATD (D THTDINNH) oo eeeseeesee e ees s seeeeeeeeeeeeeeeseseeeeeeseeeeseeseeeseseeens !
DI T T T NI oo e e e e e e e N
TVTUTY covvoeveee et 9
TTUTYN NIV oottt 2
TVTURTU o Y
o a [ o 4 o I
A BUNITYANHADLANID ... ees e eeeeeee s eeeeeeeeee 9N
4
unn
T UMM oot e e e e et e e e e e e e s e et s e s s e e et n e er et ene e er e 1
I o o
L1 anudlunnuaza U AU YN o 1
[ 4 Aa v
1.2 IAQUIEEIANITIVY e 3
¥ X 9
13 BOANAIIDIA M coeee oo e e e s e 3
14 UBUMUAUBIINTIVY oo e e s e e s e 3
a" 1 Y]
1.5 AT TOB MOS0 oo 3
v d a v d'd' Y
2 USRI T UNTTHNUAZITHIVITID U ..o 4
2.1 ANTAUATOIAUTALAIFU TATOATOU oo 4
22 INATUTQOGQU I oo 5
e 2
23 tugyanmaunuuadames 1000w (Sputter-ion pumps) ..............ooooooooececococreeee 7
231 HANDITVIIIY oo s s s es s s 7
232 FEUUADUAN cooooreeeeeeeeeeeeeee oo 8
24 mauasduIiihnszuaase-Tlihnszuanss siaaanouus I U e 9
241 aNuaolo NI I e 11

242 MINTLNOUUDUTIAU TN e, 16



M5l (710)

£
i
25 maudasiudhnszuaasailuidnszuaaswoveiv nazvlguiag. ... 18
oL A o
2.6 ANUINUTINOINUTUTUNTY LabVIEW ... 22
2.6.1 Data flow and G Programming.............ccceeeeevueesieerreeseeseeseeseeseesseesseennes 22
262 a@sznoua1e luTUsunTy LabVIEW .o, 23
2.7 MIIAVUANTEDL oo 25
270 TEUUINTIR oo 25
272 TEUUINUR oo 26
2.8 STUUATUAMUULN TR oo 26
281 MIAVUANUUUTATIU oo 27
v 4
2.82  MIAVUAUUUUUTHUD ..o 27
283 MITAIUANUUUBUNWUT .ooooiooeoeeeeeeeee oo 28
v A a 9
2.9 UTHAUITTUNTTUTUDNGIUDD ..o 28
a d
3 PM390NUUUIRIMIUANNAZIUSUNTHBMIAOING ..o 30
3.0 MIODNUUUNTIAVUAN cooveeroeeeeeee et 30
32 DOVTAAATUAN oovoeeroeeeeeesesee oo sssssssse e esssnessnns 31
321 msafudyanuwad (Pulse Width Modulation)............oooooeeroeccoooe. 32
322  mssonuuuNTudaiuIiase-Tasesiaaanouusaay ... 35
323 mseenuuueesi)asdiu lase- Tladunuuyarsas............ 40
324 mseenuuuivseusmsau llihganngamineidunaie ......... 41
32,5 MIDTUAANIUAUGUL NI .o 41
33 TEUU T ATAOU TN T OIS oo 4
a 4
3.4 500U TUTUATUDMADTINE oo 43
3.5 BT e 48



M5l (710)

%
Hin
[y ° a d
P39ANUULAINIUANIAZNMSUIZINAUIVUTIAIMIAUAATANT ........oooove 49
A1 PNTTEUDNAIHAL oo 49
42 MIOONMUUAIAIUANT IO ..o 53
A3 IITDIADITEUL oo e e e s s e e e s eseesessesees s eesesenes 56
A4 T oo 59
R [T B A [ LR R L1 1 (23 | TR 61
A A
BT B E o NS VLN 115 1o T oo 61
52 MSEINAMNAUFYAINIA TUDIBULNATOU oo 65
% @ [l 4 4
53 mamuquuazsudyanuiuueia luInsaouInsamos .o 70
<
54 PIINAAOUTEUUUAZNUTOMA w..oooooroo oo 74
54.1  n3aN 1 wamsaeuauesnNuau lunsuznaaoy
A Y v Y a ~
DADINITAIINAUDIIDIAIT oo 76
542 N3O 2 mamIaeuaueInNuaU luNsuENaaoU
H0UNT AU AIATUAUB I e 80
~ A [ A Y
543 39N 3 wamsasUaueenNuau lumsuLnaal 1WodoIns
v Y a ~ ~ 9 [ Y 1
ANUAUBIDIAIN UM I NAYYIVTUNMIUNFIEVY ... 84
544 N3O0 4 wamsseuaueInNuau lumnruzNaaeU
A A 4 v 9 a4
Welmsasunilasnnuaue199an
= 9 [ Y 1
HaZIMITSNAYYIUTUNIVTTIEUU s 88
5.5 BITU e 92
AFUIAZUBITUBIUE ..o 93
0.1 BTTU oo e s e e 93



M5l (710)

9
i
Yy a
TUINTTD IO oottt ettt st s s s st a e s s s s s s e sas s s sesaesassrsaes 96
NMANUIN
MANUIN A, IBMTATNFUANUWNAT ADIUD 10 KHZ oo 98
MANUIN V. M 11U LABVIEW Interface for Arduino (LIFA).............rreereeerreeeeeeeeee 101
g
Y o 4
MANUIN A, VUADUNITTLYONANEADIN 1U510TY MATLAB/Simulink ..................... 110
MANUIN . M3 1% 11511ATY Simulink Response Optimization ............eceeeveeeveenieesreeneens 120
a ~ Yo a A 4 1
AARUIN . UNAMINIVINGTN AT UNITANUWEHILNT oo 125

USETAGITIU oot 136



MIN

3.1
4.1
4.2
43
5.1

52

=h.

A3VYNIN

4
Hin
(=Y J J .
auauavesalulnsnouTnsamos Arduino UNO-R3 ... 33
1 a o = FY o 4
AMITIADT N TRDINNITTEUONNEDL oorrooooeeeeeeeeeeeeeeeee e 52
MFNAMANNAANAIAN AN AIAIVDITEULADEF R e, 55
% o 4
ANHULHAADUAUDIUDITY DD IAN oo 55
[y} =1 [ 1 [ v d Y]
pamsUSueumdyaanie i seuindyanawad tag useduiesn.......... 71
o = (Y] [ @ 4 [ <
namsUSueumdyaanie Il senindyanawad tay dyanaeuiaen ... 73



€ah
=i
=h.

2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
3.1
32
33
34
3.5
3.6
3.7

o
a5ty

Hi
AT NOUVD AT OUUTIANTITON e 5
AT L AUMITII YOI TTATE e 6
Tﬂim%’wwmﬁmmUﬁq@ﬂimaqaqa .............................................................................. 7
A5 ATAADTIOBOU oo 8
UHUMNUEDN 1ADZUNTUYAUH ARV UATATIL oo 9
29959 AT S THATIUD e 10
2995129 A5 - THATHUDFSTATTAD e 11
DTV UV TEIA e 12
’miﬁﬂiumqumwmmﬁ .......................................................................................... 13
gﬂﬂéumﬁﬁnmmmaq%ﬁ BUCK CONVEITET .....eveiuviieeieieee et et 15
dynanTzuanaz IR UAHTUMIIATIZHMIAIAUAVUTEY oo 17
gﬂﬂéumsﬁmuuammﬁumﬂﬂ'i'amqm Full-bridge CONVErter............vvverevereereenn. 19
gﬂﬂﬁumiﬁmuuazuﬂﬁ’u@ﬂm'fm'mi Half-bridge CONVETter ...........evverereereereenn. 21
#108139%111199 Front PANCL..ceiiiiice et 23
#70614 Block LD T4 v 11 H PP 24
LCON LEDIY CONMECTOT ....vveeeeeiireeeeeieeeeeetteeeeeeteeeeeeteeeeeeaaeeeeeetaeeeeebaeeeeesteeeeeesteeeeensneeeenssneeeens 25
LD TINTZ UL DU R e s ee s eee e 26
LD TNTZ UL DT oo s e eeeee s e eee s ee s ees e eeseeeees e eee e 26
UHUAIUADA TADZUATUUBIYAAIURN oo secersess e 31
uwuqu‘uﬁ’e‘)ﬂ"I,ﬂ’e)zLmﬁmwimuqummmﬁ’uﬁw ........................................................ 32
V030 1TATADUTNTAIADT Arduino UNO-R3 ......oooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneennnnne 33
USITHUIOBN THAVIUR 10 KHZ oo 34
VT AIUAM T VYWAT .o 35
N%ﬁﬂmﬁﬁﬁ'ﬂﬁmmumu IC 1105 TR2110 oo 39

2T AFNAYRIUNAT 50 HZ AL 60 HZ oo 40



Eah
=i
=).

3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
4.1
4.2
43

44

4.5

4.6
4.7
4.8
4.9
4.10
5.1
5.2
53

U Y
a1ty (@9)
U
4
HiN
@ = P 1 4
asu)asin Trlas e TWassuuyausainarugurIl IC 105 IR2110.... ..o 40
1 1 o Jd o
29958 10A M AU T GRINYANIIOTFNNANY .o 41
05 18z 9UNTAIBTUAIAIMAUGTUYINGT oo 42
PAMAIF M TUNMTOIUAMNUAUIINGUNTT oo 42
WA NI IFOUTUTUNTU LabVIEW .oooooooooeeeeeeeeeeeeeeeeeeee e 44
MAUMITTIIUVOITUTUATUADUAN oo 45
=) = =
MU TUSUNTUATDAUUUUT OB oo 46
= 1 v o J
M3eU TU5UnTUoIUAIANNAUDINGUATUNIGUON oooooeeeeeeee e 47
= 4 14
M3BeuTUsunsuAIANUoTA U TATADU TNTAIADT oo 47
@ o 4 T @
HHUAINITEYeNaNYaluee3z DU TAsMTUTEINAAAWYT oo 50
URUNNLUUT1809015 1F 151050 MATLAB/SImMUlnK.........ooooooeoccoeeeeeeeeeeee 51
= ' o a 4
nsuaaInansSeumeusguUTIasInndamans
Y v
DU MITNAABIATIN Lo 52
= 1 o a 4
nIMaAINan ST oUMeUs LIV UTIARINIAUAMNAAS
Y ]
AU MITNADDIATIN 2. 53
=1 1 ) a 4
NIMEAINanIsTeUINeUsEHIDUTIARIN AN AR
Y H
AU MITNADOINTIN 3o 53
LHUMLL DT A0 AN I TIIAD AR IUANUUUT IO o 56
HANTUAAIAIANINAUFYRINA WDMHUARIS19B9T 2.0 X 10° NOF ..oovove 57
HANTUAAIAININAUFYRINA UDMHUARAIS1B9T 2.5 X 10° NOF ..oooveee 57
HANTUAAIAININAUFRINA UDMHUARIS19B9T 3.0 X 10° NOF ..o 58
HAMIUAAIMIANNAUFRIMA Holmaasuuasmauat 59
amswauliznouszuumUAUTNgYRNATA 10D e 62
U520 VYA AIANTUTUYINABUA TODOU ..o 63

[

1 4
U520 uQUNT Al AT 1A NUAUTLINIA oo 63



€l
=i
=).

54

5.5

5.6

5.7

5.8

59

5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
5.20
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28

U 1
a1ty (@9)
U
%
I
4
VDTN Arduino UNO-R3 AL USB CADIE ...oeeveiiiiieieeeeeeeeee s 64
A Y o a
MU IFINITNATOUVUIAUTENNU 71 BAT oo 65
Y [ Y
MIAAAITUGURINIANG 3 FTA oo 66
Y
a 9 @ %] 4
TAAAUNVIANITUAULDE IIAITEUY oo 67
AT OINOATINTATOIT AN VY UENATOU oo 68
N15WU Heater Tape 30U €] NBUSNATOU .ooviiiiieeeeeeeeee e 69
% v 7 1 ] v J 1%
ANUTURUTIEHINTYRNUNT (PWM) HAZUTIAUVIODN (Voyp) oo 71
o Y4 1 ] Y4 @ 3
ANUFURUTIEHINdYRUNaT (PWM) ag d1ueu1aen (Analog).................. 73
<
111190 Front panel Y04 11511033 LabVIEW TUMIIAUNANTNADD oo 75
HANIADUAUDIVDIANNAY LHOFHUAAT SV N1 2.0 X 107 NS oo 77
HANIADUAUBIVDIULTIAUVIDDN DA IHUAAT SV 71 2.0 X 10° NOF worrroe 77
HANIABUAUDIVDIANUAU IBAINUAAT SV N 2.2 X 107 NOF oo 78
HANINDUAUDIVDIUTIAUVIDDN HOAIHUAAT SV N1 2.2 X 10° NOF worrroo 78
HANIABUAUDIVDIANNAU IBFINUAAT SV N 2.5 X 107 NOF oo 79
[ 4 o 1 1 - 4
NANITADUAUDIVDILTIAUVIOON IDAIUUAAT SV N 2.5 X 10° NOF oo 79
o Y A A~ = '
NANTADUAUDIVDIANUAY ATIN 1 1eNMTIaeuaam I SV e 81
. L4 A 4 :
NANTADUAUDIVDINTIAUVIDDN ATIN 1 1WeNMT1aeunaamI SV, 81
o gll d' d‘ = d’ ]
NANTADUAUDIVBIANNAU ATIN 2 1WeNMTIAeUUaIA N SV oo 82
. L4 A 4 :
NANITADUAUDIVBIUTIAUVIDON ATIN 2 1WelMTaeunaamI SV .., 82
v 24 A 4 :
NANTADUAUDIVBIANNAU ATIN 3 10eNMTIUAeUNUAIP N SV oo 83
. 4 A4 4 :
NANTADUAUDIVDIUTIAUVIDON ATIN 3 1WeNMTaeunaamI SV 83
o 4 I i 4
HANSABUAUBIVDIANNAY Hoas 1 udyaasunulseana 0.1 x 10° oS ... 85

HANIABUAUDIVDITIAUYI0DN oadudyanasuniuilszana 0.1 x 10° No3 .85
HANIABUANDIVDIANUA Hoas udyaaTunuLlszIna 0.2 x 107 No5 ......... 86

HANIABUAUDIVDITIAUYI00N oad1udyanasuniuilszana 0.2 x 10° no35 .86



Eah
=i
=).

5.29

5.30

5.31

5.32

5.33

5.34

5.35

5.36

&)

L% \
a5Uy3 (A9)
A
Hin
HANTADUAUDIVDINNNAY (oa3 1edyanasunIulsyane 0.3 x 10° No5........ 87

[ 4 [ - 4
HANIADUAUDIVDWITINUYI00N ods udyanusuniulszun 0.3 x 10° no35 .87
g g}.l d' d‘ = d' U

HANIADUAUDIVDINNUAY 5N 1 olimsulasunasa SV
A N TR ITUN I oo 89
v H 1 [l
HANIADUAUDIVDITINUYI0ON ATIN 1 ielimldoumlasni SV
AE A T T TUN DU oo 89
Y y A A A = :
HANIADUAUDIVDINNUAY A5IN 2 olimIulasunase SV
AZ A T T TUN I oo 90
) y A A = '
HANIADUAUDIVDITINUYIDN ASIN 2 1ialimsuldouulasai SV
HAZ AT TR TBTUNIU oo 90
U ch}/ t:' d’ = d' 1
HANIADUANDIVDINNNAY AN 3 aTimlasuulasm SV
HAZ AT T TMTUNIU oo oo oo 91
y gomf ) o :
HANIAOUANDIVDIUTIAUYIDDN ATIN 3 talimsasumlasa SV

AZ A3 N TR BT UN I oo 91



LINAC
LBT
SYN
HBT
STR
RP
TMP
SIP
UHV
PWM
LabVIEW
Sub-VI

meteddnuaazmge

Linear Accelerator

Low energy Beam Transport
Booster Synchrotron

High energy Beam Transport
Storage ring

Rotary pump

Turbo Molecular pump
Sputter-ion pump

Ultra-high Vacuum

Pulse Width Modulation
Laboratory Virtual Instrument Workbench
Tilsunsudoy

Full Range Gauge
Cold-Cathode discharge Gauge
Proportional Gain

Integral Gain

Derivative Gain

Integral Time

Derivative Time

Ripple Current

Ripple Voltage



1.1 anuilwnuazanudnyvestam

[ a

v a 4 3 o Aa Y a ua
ﬁmuuaﬁ]ﬂuﬁwuimmau (®IANITUNRIVU) L‘]Juﬁﬂ1‘]J1!”]ﬂﬂﬁﬂﬂﬂaﬂ@]ﬂTﬁﬂaTﬂﬂl@ﬂ

Y a

Uszma'lne Alduimsmsldlsz Teminnuaadulnsasou Tagyuduaiuitenisaiu

'
(% 1 9 [ a

Inernaas Aand waginTeasioynIn NUITeAIna eI IdsLaIFu TnsasoURTIATY

v
% 1 v A

1 [ 1 4 1 1 [ 1 [ <3 o
gﬂllagﬁﬂTWﬁ\NTL!@]ﬂlﬁf’]Qﬁﬂi@ﬂﬂquﬂf?ﬂwa\‘NTLI@NLWIEJ']u Qﬁﬂuwﬁuﬁﬂaﬂﬁﬁamﬂ“ﬁ’ NI1IN
9

Tduaagulasasoutiqgauainannior ld1¥luauide Iaiu deserdenszurumsnaaues
FuTnsasounninseasuianasaeuunandsam 1.2 Gev filsznaudodmuddaegay
drude Tudidnasoudmiunandioyumadidnason szuunioussoynia dimiuise
ANNIFIveITIBIENAToU taginnuBAnasoud I uINUd oYM INBIANATOUANIE g

o o q YA ) g A ' a Aa
!,Lazmﬂﬂmaﬂﬂmmﬂﬁmmmmaﬂ LWﬂﬂaﬂﬂaaEJLLﬁquﬂ‘im’fJuﬂuﬂmmW

a

= 2 < J Ao o a Y
maTuTaggyanmaruguiluesalsznevndiagylunsnaauassulnsasouln
= [ o A o o A a g 1A o
AUNIN FITLAVANUAUNHVIZAUNUNITAUTBUEIDANATOU dzogNIzaulszua
-8 Jd =K 11 J 1 oA A [ o o
10" no3 09 10" nes lunedudeena oo un1ssunIu MIWNM HazNMsFUAULID
o aa 4 $ v oY ' ' -
91N VOIAWANBIANATOU NTIATOUNVDIEIN WA NABIA N ) T TomanaziAansyu
Y
v @ 1 o =) v A a @ 4] .
nuriisveene s ldusnaiuAaawiouiazinaNsuANAIveNaNT 0 |0 (Outgassing)
) [ Y H Y
MINWITeneaN 9 Tnalianuauusnaniumugau wazgua e sasiH DS UMY
< @ o A J o A o Y v A A d? 9
naaas anuaugyamaluszaugegenlunedudowaszildnanuaunmuivanasld
] <
9619390137

MIAINANUAUTYYINIATZAVFITI0IA ADI0IHOIAT 0IGUTYYINIANTNITHL

a

4 @ I { a o
Uszinnveunsesguanuaugyainalaily 2 Uszian fe Uszianitimatiamshauuny

A R (9 9 o 9 < A a A [
quuseasluanaveund laglaluwaryudiganuiGuiegasimannusnaillaseng
[ H v v
Pssenmameuenyy Yuuuu Isais nudszanimnlunmsianuauaaua szauussena
=S -2 J & Aa K d‘d a a o [ 3’./ 1 Y]
89 10” nos uazuriiadegaluanage NNszansnnlumsiinnuauaud szay

Y

o 7 =2 8 S 1A & Y N o [ Y A A
107 N7 D3 10° N7 adnlszmnuiliag lsmaiialumstuTuanavewnaliimevsoana

v b

' a Ao o 1 & J A a A ) v @ 1
pgluusnundina wu Junuvdiawes looou Nldszdninmlunshanuauaiua

o 3 7 = 13 ¢
32AU 10 NBI DI 10 ~ NBTI



o [ A o 2 o o g Y B/W
mshanuaugyameanlFlugoniuag szisuhanuaugyameatudu Tagldty

= =

v o } a s (24 ' i1
punTsats I ldanuaundszauna 10" 83 107 ne5 uazlddunega Tuanageaoiiloain

u
Y
%

v A -2 Jd KR -6 4 g’/ =\ a Y 9 @ ~
AuAuNYsza 107 e 83 107 Nos nUuIzIMIAaaIgalaNuTauAUMYULA
Y A 9/&’ Aa 1 a 9 a o 2 A
ApIM I THNUAIAN 9 ¥0IMFUIAAAINTOUG HAZINANITUANAIVOILNETHT O loA1N

A g a A 9 @ o A -8 d XK -9 Jd o a J
VsNaUNUFINTUE e laszauanuauilszua 10° nes 83 10° nos iimsilanairves
o & A o [ g’./ Y a 9 & [ o
sruumahauduivhanuaugyanmavuduuazasu il 1Fauduhanuaugyaime

? ~ ' 2 A & J a9 o Y Y
Juguiieaed1ufe) Ao Tunuudilames leoou NdeenlruguanuaugyyIniald lalu
[ -8 = -11 = F [ A @ o A
52U 10" N05 09 107" nes deazlamanudugyaIimanmuzay funsaudeas
a Ly o Y o = = 3‘,
Fulnsasou dogiivaniivg lawanndaanuawsolumaluTadgyainiAruge Tag
o Y & ¢ 2
NI Yo (2552) awsavaad wansuutugyyinauuadames leeeuduly
[ o o {1 o o L4
Uszma'lne'ld uadrszuuarvaumsiiauvestuidium aomiua dudrglnsaiuiain
1 3 o a o q ¥ ' o 9 A 2
aasementlusauunn Yravi Ivyasmmstihgunuunnyy
{ 1 4 . a o 1 4
nindgvin ldnanu eaamsiandudnindninaialszms U5 nasuanysal
Yy o 9 o & 14 &
(2553) Taumswau dunuumsarugumsinuvestunuadames looou ¥e5z11

@ [

o & 3 Ay ] o '
ﬂ’J’iJﬂiJﬂﬁﬂNmﬁllmﬁu a1} ﬁ%imu EJ\HL]J‘HigﬂJ‘]JW@@QGlG]fﬂuGluﬂ'ﬁﬂT]Jﬂll Llﬁgﬁgllﬂﬁlﬂ]lll

Q

=

{ < 1 a A o W a 4 a @ a 4
aunsoNaznumWITmes Nd 1A e AATIEMINgAnTsuveIn AU lauiindveq
Y o A ] ~ 2 A o Y [ A1 A a o
szuu lumsuddymianuaun hinshnag@ssunuinv ldanudugaameiiaiialng
I Tomatnaanuranainanmsaen lsnuiiutazszeznarlunms Igauluuaazdan
[ o, { o %
WUNMITBUNTAYU T2 aIANIZITUDNTWAITEUUAILANANNA NG Y INIA T
Y o 9 ] % wa =) a a =) =) 3 d'
MuzgyIme Inamnsoiaunldedisda Tudauaziidszansnmifeufesnuszuui
Wrtnadszme TagdunsniinsnIuANIZ UGN INIAR8TE VUAILANAITIINY
o P Ao v 1 o <
vosdunvuuatames looouniudrninadseme nagdndrwmiunisaiuquizuy
Y o @ A o da} =\ < T o A
AYYINMAAIGIZTUUAIVANMITNINUVOITUNNMUIUVY TagTzUUILINTNUAINNNAY LD

a L4 a [ a < @ [ @
'JLﬂi']%ﬁﬁTWf]ﬁﬂiillallﬂﬁﬂ'J"IiJﬂ‘lJ‘VI"I\‘]llﬂu'luﬂﬁ“U@QigiJU TumssaprszauaUAY

A 2

WY o A9 Y A 1 A o q 9 o o

quamald ldszauaideosms Mdssuniua g i ldanuau o Jegiunu gy

1 Y ad A o 1 A A 9 <3| 9
1B ANNTOUVBIBIANATO UL FUNUNBYYINA HIoN M Tusz DY Huay sz

9 [ [ [ Y o 3 a 9 g’/ a Y A %
wavednyIszAuANUANlinduNTulng wieuNIAATITvoYaLie o NUUAIAILAN

[
o 14
pazwau ldsunsumuaudugyainauuuadamos leesuldawisaniugn Taeld
™ ® ® A ¥ ao X 3 v

Tisunsu LABVIEW™ 1ag MATLAB®/SIMULINK” wad 1dvinmsadeiieansaitluduuny
Tumamulsz@nsnmms vz UUAIUANANUANTYYINIATLAU BN Lazan

Myt una TuTagnaailszme



1.2

1.3

U

J av
aglszasnmsIvy
1.2.1 AnpazwanNszuumMsnIuauaNuaugaImMalunisuy

1.2.2 NAUNUITUVAIUANANNAUGYRINATu s

Y A g
VOANAUUDINY

o

A o a ~ 9 a o a 4
Lummﬂﬂuqiytywmmmﬂ"laamm1611@11.!‘11;’:10mmﬂﬂuﬁwuimmau (939N

9

I P 9 ] =1 [ Y Aav dy 9 o
UNRIBU) L‘]JL!Q‘]Jﬂimvllﬁﬂﬂil"lﬂ@ﬂ\i‘ﬂizlﬂﬁ HAZNHANIG muumm%u%% ﬂqutyiUuWﬂWﬁ

a A 9 Y] 1 g’/ 2 A a 1 Aa =
“Ifuﬂll@’ﬂﬂu AN lgulugotuniu Fealvuia 500 ansABININ

14

YOUNVAVDINUIVE

141 9ONUUUUALWAIUITZUUAIUANANNAUG A MU vuz N 19idq

FIALagaAa (N5A SUS304 YU 71 aNT

[+
142 aunuilugyanmaziialossuuuia 500 ansaoIuti

@ ' - - J
1.4.3 muauanuaugyamealunisuznaaey Tuse 1.0x10* 09 1.0x10° Nos

a

144 MINUANANNAUTY NI [INDIT0INaNTZNDV0IUHAN

QU

145 eonuuudaniugudmsumiaiuguanuaugyamalumsusgyamaln

o ldediadn Tuia

1.5

s Tawinmaiaglasy

1.5.1 eonuuutaziaIgaaIuguanuaugyaImaliansaiiaulaedi

o luia

< Y o J 9 Y =
1.5.2 H_Iu@'I‘L!L!‘UCUGlUﬂ']iW@Ju'l’ﬂ\‘]ﬂﬂj1N§ﬂ1Qﬂ1UlﬂﬂIu1aﬂﬁ YINA

a g

o 9 = 1
1.5.3 naunumsiuduna Iy lagoinatseme



a
unn 2

(%4

o a HP
Y3NAITIUNITNUAZNUILNINYIVY

A o A
2.1 MATINATOINUUAUTITE TN
. o A . v Aav a J
1AT IR UHALAIAYIN (Siam Photon Source) VoA UIToLTITU IATATOU (09ANTS
3 A o A a A [ 9 A
) 1huasoanulauaadu IasasouNIVUIANAGIY 1.2 GeV UznoUaI1eIzuLINT 0
1 a g A o 9 ~ a 1 o a g v I adg A o
(390YNINDANATOU NINHUIN HAALAZITINANIUDIANATOU AT NANNUBIANATOUNT
Y Ao & ad o a a s A
HINNANINUBIANATOUNTINU Az HaauaIFuInsaTou Tasladiulsznauveansod
o A v 1 dy
Auliauasaey aeae 1l
. ) .
2.1.1 SZUUATOUTIOYNIANNATI 130 Linear accelerator (LINAC) 11152 UUIAT DI
' 2 A4 ag A a a ) s A 1
1590YMANNATITINDUBIaNATo U NNaaaITu Tasasou Tagldginsalnizend vinoa
A g A vy o ya 3 a a A
uaInafdluTaneweay ognnlvsouazrldodnaseuninuii lansigaoon uaziie
o Y 2 aa L g
wednd 1 120 kv WuaTnaduinay uazue Tuaiiluanuin sidnaseusauiluilsyqau
A e 1 1 4 1 y aa
nua Inasgaadimae Tuanaznzgrtuesn lginsoussoynia antiudianaseuszgn
IFINAIUN B TUNDITING 197U (Accelerating tube) YOUATOUTIOYNIANTNATI PUTNAIU
U @ ag 4 o w {
40 MeV Taomsisanasaudanasou vagldauw IdhnnaaulyTasndddege s du
v 7 a ~ = a S A 1 [ Y 1
@ NA10D 2,856 MHz B9gneananglnsainiGenit lnsaasou (Klystron) tagaudngve
IFINEITUVDUATOAUTIDUNIANNATINIUNINBIAAY (Wave Guide)
o 1 [ o I
2.1.2 3ZUVUIEIDUNAWAINUA W30 Low energy Beam Transport (LBT) Wuseuw
e YMANGINUA NI IATDUTIDYNMALLUIINGN FITTZOLNI 10.85 1NAT
2.1.3 FTULATOUTIOYNIALULINNAN W50 Booster synchrotron (SYN) 105211

a g

AN YNIANAINUMNTAI1BIANATOUNAINU 40 MeV 11FIATOUTIDYNIAUDLNNAN

J o adg < Y A a o w A

YNTINAINUBIANATOUIN 40 MeV 1Tl 1 GeV Taeldaun Iihuesnduingidagedn

= S A 1 . ag A A
A1 118 MHz MeluginsainiTendn RF Cavity lagdianaseuszinasuiegluayniauiy
9 Y ) a =
WNaN sEEzIdUIoNN 43 a3 Uszunw 4 ausen Taglgszezanlszsina 0.6 Ju9 uay
J o ds! = Y 4 A ' . 1
PITINAINUIUNazBINOIAABUANIY RF cavity 1HUUAAZ IO
o 1 o . <
2.14 szuummaumﬂwmqmqw% High energy Beam Transport (HBT) 115211

o 1t 1% 4 J v I ad %
'Lﬂﬁ\?’f)lélﬂTﬂWﬁ\iﬂuq\i!ﬁ@LGI?I}TQ"Nﬂﬂlﬂﬂﬂlﬁﬂ@]ﬁﬂu@ﬂﬁﬁgﬂgﬂ%‘] 45.94 1UNT



v a3 ad 4 o 1t [

2.1.5 NNAUNUBDLANATOU ﬁ%@ Storage ring (STR) Lﬁf]izﬂﬂu1ﬁﬂ%1ﬂ@uﬂ1ﬂWﬂN1u

Ad o ad [ A Y 1 v & ad 1 o = g‘/ =
ANVADANATOIUNAINIU 1.0 GeV RIFNNNNULANATOU ISHNLTINAINUDINATIVUY

1 g o 3 Y 1 19 S ag A a
RISIEY 1.2 GeV Lmzﬂzgﬂﬂmﬂull’;ma“luwaqmumu1mﬁmmnnnmumaﬂmauwmum
Y A ag (% g Y 1 3 v o dy .

IUIOUIN 81.3 LUNT maamﬂmauwmmuqqmﬂﬂﬂﬂuﬁummeaﬂmﬂmam (Bending

v I ad < = 1 a
magnet) YDINNANUDLANATOU ﬂ“’l]gllﬂ']jllaﬂllaﬂﬂllﬁ\j%ﬂiﬂi@ﬁﬂuﬂﬂﬂuﬁl

< , A o oA
g‘lJ‘VI 2.1 duilsgnovvsunIon AL d ey

(N1 Website: http://www.slri.or.th/th/)

22 malulaggayema

Q v
I Ao o Ao 9 a J ara It A 1
ITUUFYYINA UJuigﬂﬂﬂﬁ']ﬂfy‘lu(nu')i]flvn\iﬂTH')ﬂfnﬁ']ﬁﬂi Wand 1nseus

'
A o

< [ a : o (Y
BUNTIA 5'33Ja\uﬂui$1lll‘ﬂﬁ'] ﬂlutluﬂ'liwﬂﬁﬂ'lﬂq@]ﬁ'lﬂﬂﬁﬁﬂ ‘%Qﬂ'ﬁ‘ﬂ'lﬂj'lﬂﬂuﬁmﬂnﬂ']ﬁg{@\j

Q9 9 9

]
= ]

2
o o @ I

ooty lumsihanuau Adwnsouisanuawnsalumsasga Tuanaseniluaesilszian

A

D

22.1 M3A99A TUANABONIINAIFULUTTY IITINBA TN 151
1) tuxiialsals (Rotary pump)

& a { Y o & 9y ' { o
Tugamastialsats nanmsiauvealuazlsznou ldediundu

{ ' { Y A Y 9 v 9
lun1a NFeNI U (Vane) NUHITINAI09101AINAIUNIAYT (Inlet) T1Fad1un1900n



v
(Outlet) ¥ 1N i v wagnnzgyame Tasdnaudrludiuvesduniseonaedl

[

4 a 9 A o Y A a (Y 9 o Y '
'J']ﬁ'lll‘]J‘]Jﬁ‘l]ﬁ\‘]fJﬂHlWﬂﬂ']ﬁU'W]ﬂﬂﬂﬂﬂaﬂﬂuﬂTﬂ’]ﬁ"lﬁﬁﬂﬂu VI'ﬂﬁllﬂ']ﬁﬂ']fJWl@']ﬂTﬁﬂ']ﬂ

3 v

Y VA & A3 o ° A 0 A ¥
ﬂwﬂlu@@ﬂuﬂﬂammmum Tﬂﬂmﬂcluﬂu%zuumumwwmwumwaaau IZUYANVIDU
) o S o ° o & A & = R '
HAZNUNITIIVDIDINIA ﬁ"l‘ﬁﬁ‘ﬂﬂlﬂﬂ'ﬂﬂ ﬂTﬁﬂTﬂ?WNﬂuﬂl@QﬂN%uﬂﬁ %zagﬁﬂizmm 10" o3
= 2 ' 9 [ ] e a dy 9 o [ [ [ [ g’/ Y
N 10 N9T ﬂTﬁGlGIN"ILlIﬂﬂﬁﬂuclﬁﬂ]uﬂlﬂﬁﬂﬂsﬁuﬂu%31%ﬁ1ﬁ5ﬂﬂ155ﬂ1&1Tigﬂ‘]Jﬂ'JTJJﬂuleu@]u

Ay 1y o Ao @
m"lmmmsmwmu‘mmmﬂuﬂ

= o & =
E'IJ‘VI 2.2 ﬂﬁZ“]J’Juﬂﬁ“VI']\1']1.!"116\11j3JLL‘]J‘UI§'§Hi
(M1 Website: http://philiphofmann.net/

ultrahighvacuum/ind_rotaryvane.html)

[
3
2) ﬂilﬁﬁfg]ﬂhllﬁf}ﬁﬂ?’lhlﬂijﬂ (Turbo molecular pump)
[ < < 2 H o
Tuggoneuuaega Tuanaanusigs dutuimngaununs 141u
9 H i1 [
NUAYYINAAIATEAY High Vacuum D Ultra-High Vacuum Mhanuauaeiiosainiuy

a A A [ (% g’/ 1 -2 J =K -8 s = a < @ 1
¥HA1IAT5 NTLAVANNAUAULA 10 N93 N 10 NOT clmJfmmmgiﬂummmmﬁmzag

~ = =~ I A A A &3 % ° ' v o 9w ) A2
7N 50 ©49 2,000 aATADIUIN Gluﬂ1§@WW’]\T‘ﬂllﬂgﬁ’t’)\iWTﬂTS@@@HﬂﬁNﬂuﬂUﬂuﬂﬂlu%w HIo ﬂll

1 1o A Y

a A o a A Ay ad a e Y2 o =
%Uﬂjiﬁ?’]’]‘j TﬂEJﬂiJ%HﬂMﬁ]%ZJﬂJBﬂVIS%UU?Jﬂ’JW ﬁ$@1ﬂLW§1$u13J3Jﬂ151%u13Ju UHYIYUDLNY

A afd A L o q YA A & A 0w
19 Mﬂfuﬁ']uiuﬂ’lﬁlﬂﬁ@uhl‘ﬂ'] G]N'V'I'111411ﬂiy'ﬂ’liuli@ﬂﬂl'ﬂﬂﬂ’liﬁuﬁ%!ﬂﬁ]u A1HMIUNTSUIUNT

o & =3 < A o A 9y v o & =
‘VI'NTL!GUENﬂiJLL‘U“]J@Nﬂﬂiumf}ﬂﬂ’ﬂi\ll’i’sg‘fﬁ]guaﬂﬂmzﬂﬂﬁmﬂuﬂ‘]_lﬂllmJ‘UIiﬁ’li Iﬂﬂ

[ ] 1

0 o A A A o A U I =
aiudsznovvesiy fl]%ll’ﬁ’Ju"‘IJEN&l‘UNﬂﬂﬁ1ﬂm@ﬂﬁ’6\1ﬁ’3uﬂﬂ mumngﬂu“lunmmu

o b1

o { { ' y 3 o
T51005 (Rotor) NN NanTedga Tuananazaunaessziululiosuvumamoes

{ v &g ' ' ¥ 4 { { o , Y -
(Stator) NHHINMTUNMIKIUKToFo 1 Tuanandeuianuidesns dmluliansaesyiia



vzimsaaaaneluveauludnyagnaduiuveslulianale q $u e luanan launiea

9 23 ] v
Tagluliansdesriinzgngaeoniinszuuiumalumiuie ioeengussenMmile

Chamber
Turbine >>>>> Backing
Blades o] | Pump
NNNWN
Stator 1‘
Blades J

51ii 2.3 Tﬂiqﬁ%ﬁwmﬁmmuﬁq@,ﬂimaqaqa
(ﬁm Website: http://blog.johnmorris.com.au/buying-a-lab-
vacuum-pump-best-six-questions-to-ask/)
222 mamsgaTuanalfeglunsnaiisiia viedegluiag wu
1) ﬁmmuaﬂmmaﬂ@aau (Sputter-Ton pump)
Jugmanmmuadanesleoou flufufivanzauivauiidesmsay

& o 2 i pa o g = .11 s 2 &
AuguyIMAseA1geeeeIa (Ultra-High Vacuum) nanuauilseana 10”89 10" nod daily

g

a dyd Y A A 1 @ o 1 lde 1 4' d' (=1
siatlidoauazauantiauinndugyamena q T wu lulisuaulumaadoun lull

q Q

o < Y o ¥ = o [ Ay = A 1
ﬂiUuW’lﬁ?JQﬂ’lﬁﬁu Wuau PNUUIUHVIS TN TUNIUNABINITANUASIDYALUAZINYIATIG LBU

Ao 9 a  aa 4 A 1 I Y
NUINNAUINNMAAS Wand uag RTDIIIDUNIA Lﬂuﬂu

o . )
23 thgaanmasuuaifaneslessy (Sputter-ion pumps)

Q o

2.3.1 HanmMsmaIu

o ]

24
qusse Yygel (2552) Tassadumsmhinuvesty Samlszneudifyed

g q

J A 2 & a a a 3
2 73U A GU'JLLE’JIL!@ (Anode) BINANIINTUAULAN (NTAWIAY (SUS316L) Tﬂﬂug‘ﬂu‘umﬂu

2 . 1 ) QJ 4
N3INTTVON 1Az VA TNA (Cathode) FInAAvINUAY Intnilonusgns Taonailsznuiulu



1 A - 1 9 [ S A a ] <3 A ) [
538811N‘VIL‘I’T3J1$ﬁll‘VI6gﬂ"lflslﬁﬁu13Jl,l,llwiﬁﬂ‘l/lLﬂﬂﬁ]TﬂLLlILﬁﬁﬂﬂ"l?iﬂ’)”ldﬂgﬂ1uui’)ﬂﬂﬂ

1 4 = [ o [ dy
gUNUINIA IﬂEJ‘ﬂﬂJﬁ'tyﬂﬁﬂ"lﬁlmﬂﬁ‘]jﬂm%)ﬁ"l@@ﬂu UHANDITNINIUANY

a9 g a

7 2

v 9
D eusaullinsedu 3,000 Trad 84 7,000 Trad 1duvne Tuauaza

Y o Y

o Y I g’/ I g’/ = 1 1
ualna Tagivualiue Tualuauinuazua Inailuviay Favaraenanazegniala
[ < o a 3 a [ 1
auimanuaz IinanaiaIuLsnUAINa
ad 1 9 ] d‘ d' v g’/
2) BianasouvzgnislingaoennuEuLn Ina tazindoud lldsvaue Tua
ad 4 {3 ]
Tagdianasauazinas Uil unaeInuuLIvoIaINLKAN
J A ~ ad = ~ a o
3) lusgninamsnasunveddianaseull lomanznamssuny Iuanaves
o Y a v A < 1 9 o 1
p1me shlinamsuanauilu leosuvinilinnuE ez wassunuusua ITna
4) leoouvinnwadiyundunnInaszdedroglunnunaIna uazsirld
=1 [ d‘d U a A
pzaouved Inmilouvgaoenunludnyuzfzonimanadianess
=1 ~ A [ I a [ a
5) eraouued Inmnillsuivgaoenuvzdeliimesaunuiluilauiseglui
= A =\ dyd A a [
molunsenszuenvene Tua Falavves lnmitiontiiquanianadalunisgatn Tuana

[ = 1 a o = . . @ g’; [ & @
VDAULNELTYINI MNAUANTIYAFUNINIAY (Chemlsorptlon) muuimaQammgmmqgﬂﬂu@mu

yd‘a
1armelunsanszuenvoie Tua

|

Magnet

5141 2.4 Tassadveshuuvaidanes looou (L. Schulz, 1999)

232 32UVAIUAY
v 1 o 1 ' & I a
Kimo M.Welch (2001) ﬂa’l')')Wﬂ’liWﬁlu’l“]éﬂ!lﬂﬁ\‘]%’lﬂﬂﬂ!lﬂﬂﬁﬂ@]iﬁ@ﬁ%ﬂﬂ
a o < a o { a [ o &
loopou USHNMEoU(Varian) Wuvsinusnieiurenannisvinuvesganiuauly

o 9 [ a SA 3
guanmauuvadames looouTasldurasne liunuaiadds anuwunimuasn laezunsy



A Yy a =3 v o 2 9 o Y ~ A o
7UM 2.5 TdeSuredanannsiiau GuduaziiimsldesGeanssuaoninisuiag
@ I S o w {
nszud Iihaduduvidinszuaase snidusz lduoanafias (Power MOSFET) 1w
o o ¥ A g A o A s L A . Y 0w o
pyeaugalumsiminiualedniudanes Fuiiedin1s Switch OFF Nagniaunu
[ o 4 gld' o < g’./ Y o Y 1 o 1
unasae Iihnszuasasarziimsnivlszy Bndaunvilszgn 2 @1 13 lifins sduru
o o 1 < o a 7 o o ! =
Tgasmteulas vl edrelsnamdiidmsmusanesaaladamiia Switch ON annvisey
wimsnelszguazmileniwssan T dadandoutlas i vagsiinsGeanszua lalih
1 o ) £ A oA a X Y A ) A A ¢2A A
Fudmdonlas asmsaIndravesganiudamestuszdoudonldnnud lumsaiadran
= @ A o a oA <
gaun 9 dszu 50 89 100 kHz Tasgduuudygiuuazanudiiinsaliasyeaziilu
o A a o oA = ' o vy Y a
dyarainaanlSouaasonldsunussauviesn laarenisldmaiavesnisuegian
o 3 @ % o ¥
dya1a (Pulse Width Modulator, PWM) 11 usaa2uau Fanisaruaudygraazlinislgns

Tsunsumuaudaanaasiszuuiosnuiinauossdutagnsguauionn

Current Feedback Signal
Voltage Feedback Signal
IDC
v. 0—— PULSE TRANSFORM
B WIDTH UP & W |
IP O— MODULATOR RECTIFY e
o0—4 & vDhC
=3
=5 0 v,
28
29
= 2
LINE =& | DC
POWER | Z2& 4
S
;3
5]
- bl

A < ] a oA
gﬂ‘ﬂ 2.5 LLNuﬂWWUﬁ@ﬂVlﬂ@mLﬂihﬂjﬂllﬁﬁ\?%?ﬁll!ﬂﬂﬁ’)ﬁ%ﬂf\? (Kimo M.Welch, 2001)

24 mamasdulvlihnszuansailvlvhnszuansariinaaneunseay
9 ] 1 a sA Y Y Y a <
MSAINYALNAIDOUUUEINTH 3zApeonuueasulasiuTaoldadadlunis
afrdygrame i Feginsaln 1 umsadudyaael¥ginsaisiannsetindlums
a d a 4 A I Yy & a A =
0% 15U NIuFmaes lailea lodii uazwomvla Wudu Fer9aslumsadagdeazizon

= 1 1 J ) @ T a A o o
2n981921 15 reilles (DC Chopper) TIMITUNITDNUUUYALNAINPUVUTIAYBITTHIU



10

muﬂnﬁuﬁﬂm@a§511ﬁﬂ"laa'e)uﬁ]ﬂ%'wa”ﬂmimmNmuﬂaarTu"H\lﬂ”mﬁzmmqﬁJu"lvxlv’h
nIZUAAT S AU W e299suilasiunutin (DC-DC Buck Converter)

NN FUNA (2549) NA1IN Zeesutlasiuuuutin funeesih o 1datansesuag
fuiteanneunsd duiuuswueenszdeoniwutiaue Fussaaussuamisaio

1] YR 9 3}4 [ ' o ) o Y
ﬁmliﬂﬂullﬂﬂﬂ 80-90 % ‘W'if)ll‘ﬂﬁ?ﬂllﬁﬂﬂi‘ﬂﬂTLLiﬂﬂuSIHE’JEJﬂﬂ’JEJﬂTﬁJ@ﬂLﬁGIﬁQJIﬂJUTmU],ﬂ

A

A 9 & [ [ [ 9 ‘a o a
MUNABINT BInannsTuuasdy ez 19015 ON uaz OFF vosginsaiodannseiindni
o Y A d a S ¥ 1 o a9y A A = o w
anuansaiminniuaiadla uareesutasiuazidemelusoswosmsgadeiia
[ [ Y v
molulalea Milddsed@niainesesdr Tavrsasudasduuuuinnugiunaly

HAAIAININD 2.6

i o
Vy C) \ Vi ~ % Vo
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317 2.7 20v3utlasin e se-TWasaunuda Insiain (Daniel W.Hart, 2011)
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{ :': o 1 I [ o a 4
ANNDAT (Low pass filter) LM IFINUUDI9THUBDNTIY 2 ANBAULMTINIUVEIAINY
o QSI
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a Jdo .
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=
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v Y
nasumlasvesnszua i il



319 2.8 29930 Tuvaizihinszua (Daniel W.Hart, 2011)

nn =V +V +V, =0

S o]
wag V= LOL
dt
di _V, -V,
dt L

=y < o
luvazatavinssua

dt=DT

12

(2.2)
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2) @Indmgainszua (Switch open)

A A 1 o ] I a tg A ) o Y a [
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1 Y
nasumlasvesnszua i il
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319 2.9 2931 TuvaisngaInszue (Daniel W.Hart, 2011)
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nszud dt = (- D)T uazmiannumdasuulasvesnszualugisngaiinszuda laa
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A o = —(VT") (1-D)T (2.3)

Wevasihnuianzadd maldsundasvesnszud i lu 1 aunaves
< O

msalafzlinumnugud Wude

Ai, o +Ai o =0 2.4)
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NNUUINaNMI (2.2) 1ag (2.3) unuadluaunsn (2.4) az'ld

V, =DV (2.5

d‘ 1 [ 4 o

VINAUNTN (2.5) WU Nave9asulasdu liase-Tiasauuy
a v g [ Y] 1 [ 1A 3 a [ 4 1
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MnszuagIgatazdganauvilenii e

V 1(V
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Vi (M
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i
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r _ﬂﬁ”‘

DT 7j
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319 2.10 31/AAUMINNUVDII995 Buck converter
(n) gUnauvBIuTIRUNanATeNA M N (1) JURAUVEY
4o a 4 4

nszuananATeNAIMNIENI tag (A) JUndUvBINTSIANHIY

v .
@10 1U152q (Daniel W.Hart, 2011)

MnauMs (2.7) sagilaums azld

lax = Vo i+—(1_ D) (2.8)
R, 2Lf
Imm = h__:éiL (2.9

2
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V. 1(V
| =———]201-D)T 2.10
mn =R, Z(L( ) j (2.10)
faiu
| . =V i_@ (2.11)

min o RL 2 Lf

MNFUNIT (2.11) miavaalamdenidiga (L) aildsesudasdu

min
[
THase-TMasanvudalasiiainyiiaiuluTvua Continuous-current mode (CCM) Ta e

S 1

fuald 1 Hanilugud 0218

n

(1_ D) RL
- :T (2.12)
2.42 manszienveans g lulih
a s ¥ a Yo o = A o o [
NMIUATIEH aduyaldaunulszliargeuin mesnyiszAunsIAY
o Y A 1 A ~ @ o = 1 [ [ [
1analinai uaz lulimanszmeuiuseaueiana a9 luaunsomadanulszaainann
4 ] 4 [ v 7 v @ Ao d
18 mansziiouvoanIInUeIANAIZ 1T 1A INANUFNNUTIZ IS IAULAE NTZUANA AN

Uszgaanns

(2.13)

v

4 A a 2 A 1 .o g
ARELRERSIEERT) T]Lﬂ‘]J‘]Jﬁ%i] VNAVULINDANTSUEN 1, Uauduuan uazen

Q

a v I Y
Hewaunuilszy agldauns Av

Q=CV

0

(2.14)

AQ =CAV (2.15)
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AV, =— (2.16)

I (n)

1V

&

@ v (]

! @ a J ]
Eﬂﬁ 2.11 ﬁﬂJﬂJ']ﬂ!ﬂﬁ$LLﬁ!La3LljQﬂ‘Llﬁ']‘l’i5Uﬂ1§3lﬂ31$ﬁﬂ1ﬂ1ﬁ?!ﬂﬂﬂﬁ$ﬂq
Ao g A v Ao o
() ﬂﬁgllﬁ‘ﬂ@]%ﬂ‘ﬂﬂizﬂ (v) ﬂ"liﬂ'i$LW@3JEIJ@QLL§\3@HT]@YJLﬂ1J‘]J§$§

(Daniel W .Hart, 2011)

9 Y 1 ]
MU AQ vnwuiustar Tuginnd 2.11 (n) Avawns

L(T\(AiL)_(TAi,
AQ:E(EJH-[ 3 J 17

AV, = TAI,
8C

(2.18)
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NNAUMIN (2.3) unuaadluaumsi 2.18) az'ld

AV, = T 3 Yoq_pyr
8C " L

V.1-D
:0(—2) (2.19)
8CLf

[ dJ d
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Danial W. Hart (2011) 2905utasiu Iinszuaasailunszuaass uuy Full-Bridge
1Az Half-Bridge v ianyazmsihnauiiadienuisesuilasiusiia Push-Pull Aligaauiiagie
maa Il 18 gada 200 - 1,000 Yad Taga995u1lasiuny Half-Bridge Hannazmsdniios
2095t ImneSnauFames luees 2 i uaznuussduAnATONAINI UG AT
wazdlarrsrzmduasanilsueaussdu I una uaznizuaneamamefuaz N uFmaes
a I J (Y { ) [ LY
Yarwsazitluaeun dwaasniuginni 2.12 d1151U2993u a8 ULUD Full-Bridge 923
1139938929930 0015 1IN0 I NI UF@ADT T1UIU 4 §2 NUIUTIUTIAUANATONGD

a 4 a 1 1 a J v A o 1
mmmﬁmasmmmﬂmwmzﬁm"lmﬂummimuauwﬁ ngﬂi%LlﬁﬂﬂﬂlaﬂlﬁﬂiﬁqﬁaWWUi}g

anaINT I LULBNEUAUNTA0I9951UD Half-Bridge Adaasaugnini 2.13



Swy, 5wy (61])
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or T
5wy, Swy
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¥
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A Np

br r + 0T

b | =y
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317 2.12 JUAAUMITINULAZITIRUANATONINAT Full-bridge converter
. A o v a A
(M) 2993 Full-bridge converter (V) JUAAUAIAUNMIAINTH
(7 ussaunanasouusnuoulasiuilyugil uaz (9) useauian

asoNUINUoulasd el (Daniel W.Hart, 2011)
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9 a 4 v A o Y A & a 4
131 2.12 (1) 1931 5TNRUAIENIUGMADS 2 ¥A yaaz 2 a2 Mhvihniluadag
TagyaNuile (SWI AU SW2) agiraiuasenudiunuygafans (SW3 AU SW4) uag
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a 4 1 o o [ a a
mmmamaﬂuumazﬂ;mzmm‘w1ﬂ1u1umwaxgﬁaaﬂu HazWaueIn1sUa-1lai9es
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V, =2V =D (2.20)
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317 2.13 sUARUMITOULAZITIAUANATO1I9D5 Half-bridge converter
4 o w a oA o {
(M) 3995 Half-bridge converter (V) gﬂﬂﬁuaWTﬂﬂﬁﬁ?ﬁWN (?) USIAUN
1 a 9 Y a v A 1 a
ﬂﬂﬂiﬂMUﬁL?ﬂlWN@LLﬂﬁQ@WﬂﬂﬁMﬁM Hag (3) UINAUNANATDNUTLIN

a

vouasdunden (Daniel W.Hart, 2011)
Y a o o A o Y A a 4
131 2.13 (1) 193UsENOVMIENIUFMADT 2 A gaaz 1 42 MmN uadadg

v ' o J) ., . a o !
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@ o o @ a a a PRy o [
ganarinau ludeizfeny !,Lﬁ$Wﬁf’U’t’)\‘]ﬂTiﬂﬂ-tﬂﬂ’Nﬂﬁ1’]'i'luclfﬁmﬂﬁﬂﬂﬁ@\i%ﬂﬂ?ﬁlﬁ}uﬁﬂﬂu
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s v a 4 1 U o a
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v a 4 1 @ J o
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a J o o o a .
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V,=V,| —|D (2:21)
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2) unuialnna 15105y (Block Diagram)
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Parameter Estimation
Variable
Expl Exp2 Exp3 Average
k 0.0017386 0.0017105 0.0017158 0.001721633
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u(t) = Kp(e(t)+Tii.:[e(t)dt) (4.3)
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LIFA_Base | Arduino 1.0.5-12

File Edit Sketch Tools Help

LIFA_Baze

**% L¥FA Firmwware - Provides Basic Arduino 3ketch For Interfacing With Lab¥IEW.
T

% TWritten Ey: Sam Eristoff - National Instruments

% Written Om: Hovember 2010

*%*  Last Updateds Dec 2011 - Kewin Fort - Natienal  Instruments

%

*#% This File May Be Modified And Re-Discributed Freely. Original File Content

**% TWritten By Sam Eriscoff And Awvailahle At wunr,ni.cow/arduino.
k]

Arduing Uno on COMG

319 n.1 Tasunsu Arduino v1.0.5-r2
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13197 .1 uﬁmiwamﬁﬂﬂmmﬁmmﬁaﬂmymﬁaﬁ
Pin Base Frequency (Hz) Divisor Timer Frequency
Output
3,11 31250 1 TCCR2B (Timer 2) 31250
8 3906
32 977
64 488
128 244
256 122
1024 31

@

U [ 7 { I
Tugruvesmsadudaanaiadin 10 kHz a2linsud ludoyan Register Hutn Fast

= I Aa 9 o a Y ax =
PWM Mode Gﬁﬂlﬂuiﬁﬂﬂﬂuﬂ"ﬁﬁﬁ\‘]ﬁﬂ]ﬂﬂm PWM ﬂamm;mmaa‘ﬁmsgmuﬂaﬂmm

g 9

(Single Slope) TagazinzAums1i 1y 19auludu 2995 19nszuansanai ¥3e 1993584

I . g v @ H $ X
Aszud Hudu Favaideves Ivnuaiinea: haiwsodsunlasuanud lamudosns dalda

[
=1

Tsunsuenunsodouldaagiln n.2

set_frequency_PIVIN§

const int PUMPin = 3: A/fMKA pind (DMeEdknd L oedRa RS
void setup() {

/7 genera te 10kHz PUM pulse rate on Pin 3
pinMode (PWMPin, OUTPUT); 4/ OCR2E sets duty cyole

// Set up Fast PWM on Pin &

TCCRZA = 0x23; 74023 COMZEL, WGNZL, WEMZO

/4 Set prescaler

TCCRZE = O0x0A;  //0x0A WGM2L, prescaler = /&

// %et TOP and initialize duty cycle to zero(n)

OCRzA = 189;  // 199 TOP DO NOT CHANGE, 3ETS PWM PULSE RATE

OCR2E = 0;  // initial duty oycle for Pin 3 (0-199) genera tes 1 S00nS$ pulse even when O :{

}
void loop ()

OCR2B = 100:; // This sets duty cycle to approx 50%

3

o J

517 n.2 TAaT1lsunsy Arduino dmSumsadedyauwadnud 10 kHz
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V.1 %@Qﬂ‘i’lﬁ!ﬂﬂﬁﬂ‘ﬂ@%ﬂ Arduino UNO

Arduino/ Genuino Uno is a microcontroller board based on the ATmega328P. It has 14
digital input/ output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz
quartz crystal, a USB connection, a power jack, an ICSP header and a reset button. It contains
everything needed to support the microcontroller; simply connect it to a computer with a USB cable
or power it with a AC-to-DC adapter or battery to get started. You can tinker with your UNO
without worrying too much about doing something wrong, worst case scenario you can replace the
chip for a few dollars and start over again.

"Uno" means one in Italian and was chosen to mark the release of Arduino Software (IDE)
1.0. The Uno board and version 1.0 of Arduino Software (IDE) were the reference versions of
Arduino, now evolved to newer releases. The Uno board is the first in a series of USB Arduino
boards, and the reference model for the Arduino platform; for an extensive list of current, past or

outdated boards see the Arduino index of boards.

A aa s s .
ATTNN V.1 ﬂﬂ!ﬁﬂJUﬁU@iﬂblNIﬂiﬂ@uIﬂﬁﬁlﬁﬂ‘i (Ardumo-Uno)

Microcontroller ATmega328P

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limit) 6-20V

Digital 1/O Pins 14 (of which 6 provide PWM output)
PWM Digital /O Pins 6

Analog Input Pins 6

DC Current per I/0O Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328P) 0.5 KB used by bootloader
SRAM 2 KB (ATmega328P)

EEPROM 1 KB (ATmega328P)
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A 1 o 4 J .
A1319N V.1 (AD) ﬂmﬁummﬁﬂ‘lﬂmﬂauimmam (Arduino-Uno)

Clock Speed 16 MHz

Length 68.6 mm
Width 53.4 mm
Weight 25g

V.2 MIANRIIISAINS Arduino 3uHVTUSHUNIN LabVIEW

v
a %

) Aedeldsunsy LabVIEW a121 1vaa 1@ http://www.ni.com/download-labview/

su# v.1 TaTdTalsunsuudiia

9 )
2)  @AAd Driver NI-VISA o 1 e11150A7UAU U035 A Arduino 5aunuTsunsu

LabVIEW Ia EJWI’J‘LH‘VE?I@ Ilﬁsll 7 http://www.ni.com/download/ni-visa-5.0.3/2251/en/

b4
a (%

3)  aaaaldsunsy JKI-VIPM 2014 Tasai111i 1vaa 1@ hitp://vipm. iki. net/ get
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2 cols Window Help

"% 8 B E G O [mawa B

| 7] vIPM - About —

VI Package- 2014
Manager

Unregistered Free Edition

2014.0.0 (build 1841) 3AA 222014

j Kl Jki.net/vipm

|| () 2006 - 2014 KL, All Rights Reserved,  Copyrights Follow us 5
| @ @ e n E m B
A

Biometric Login Toolkit Base Componer 1,1.0,22 NI LabVIEW Tools Network Blue Ridge Test
Biometric Login Toolkit Documentation 110,28 NI LabVIEW Tools Network Blue Ridge Test
Biometric Login Toolkit Server 1.1.0.23 NI LabVIEW Tools Network Blue Ridge Test

Ready ...

g‘ﬂﬁ v.2 T1lsunsu JKI VI Package Manager 2014
4) AN éfﬂug\a Package %971 LabVIEW Interface for Arduino 33a14150%191%

H Y H
4.1 @aTdsunsu JKI VI Package Manager 2014 71 1831n15aaaatd? andon 3

1 - ' a 4
4.2 dumTugandesns aelun sosdunigiuinves ndIMun “Arduino”

MName [\ Version Repository Company
LabVIEW Interface for Arduino L2, NI LabVIEW Tools Network Mational Instruments

9
%

31N v.3 Yunounsalsunsy LabVIEW Interface for Arduino

v
4.3 ﬂﬁﬂﬂﬂmhlﬂa % uazﬂﬂﬂuﬁuau I Agree (Don’t Prompt me Again)

LA v.4
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VIPM - Download Acknowledgement

. You are about to download software external to VI Package Manager.
" | You acknowledge that the software you are downloading contains a software license that is different from VI Package Manager and,
by downleading such software, you agree that you are responsible for compliance with any license terms.

|I Agree (Don't Prompt me Again}§| ’ I Agree ] ’% Cancel

v Y
3N v.4 Tupounsaslilsunsy LabVIEW Interface for Arduino (#19)

4.4 fan I Accept

VIPM - Repository Terms of Use a L_J

Terms of Service
You must accept the following terms below to proceed.

Repository Mame Terms of Service

By dicking I Accept, you represent that (i) you agree to the ni.com Terms .«
of Service, (i) you acknowledge that third party products are offered "as
is"and as a free service and that NI does not endorse or validate such
products, ({ji} you agree that NI is not responsible in any way for such

third party products, {iv) you acknowledge and agree that MI waives all
warranties, express or implied with respect to any third party products,

and (v) you agree not to install or use any such third party products

unless you have agreed to the third party licensing terms.

B

B

—— e §
4 L e F hd

§

‘ W 1 Accept ‘ ‘ $€ Do Not Accept !

v v
31N v.5 Tupoun1yaslisunsy LabVIEW Interface for Arduino (#19)
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4.5 9TnTHA1e Windows Security Alert YUN 1¥inan Allow access

Windows Security Alert wl M

@ Windows Firewall has blocked some features of this program

Windows Firewall has blocked some features of LabVIEW 13.0 Development System an all public
and private networks,

@ Mame: abVIEW 13.0 Development System
Publishier: MNational Instruments Corporation
Path: C:'program files\national instrumentsYabview |
2013Yabview.exe
l Allow LabVIEW 13.0 Development System to communicate on these networks: a

[] Private netwarks, such as my home or work network

Public networks, such as those in airports and coffee shops {not recommended
because these netwarks often have litte or no security)

What are the risks of allowing a program through a firewall?

Allow access ] [ Cancel

1 v
gﬂ‘ﬂ V.6 VUNDUNTA 115054 LabVIEW Interface for Arduino (99)

= 45! Y o [ g
4.6 1YY VIPM-Batch Process Error Y1 Gl,wmmmﬁ'"lmmu

% VIPM - Batch Process Error ﬂ1

VIPM could not continue. Please fix the error and try again. The following ernitical error occured:

VIPM could not connect to LabVIEW 2013, VIPM requires LabVIEW access as part of the current task execution in progress.

Please verify the VI Server: Exported VIs and Machine Access setting in LabVIEW 2013,
Make sure you are allowing access to VIPM by specifying "localhost” in the allowed list.

106

31N v.7 Tupeunsaslilsunsy LabVIEW Interface for Arduino (#19)
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4.6.1 Waldsunsy LabVIEW 9ndoi 1 uda Ty Tools>>Options

3 LabVIEW
File Operate [IEE Help

& Explorer...

Instrumentation

uL Real-Time Module

| Merge

v v |-

Security
User Name...

Convert Build Script...
Source Control »

LLB Manager.. .: .
— b 'D Open Existing

Shared Variable »
Distributed System Manager

Find Vs on Disk...
Prepare Example Vls for NI Example Finder...
Remote Panel Connection Manager...
| Web Publishing Tool...

o Find  Actor Framework Message Maker. P — . Welcome to LabVIEW

- Find LzbVIEW Add-ons.. the discussionforums or | Leamto use LabVIEW and upgrade

Conn|
fnct|  VIPackage Manager... ical support. i from previous versions.

Advanced »
| E) L=bv

H 9
71U 2.8 Yunou5aelsUnIN LabVIEW Interface for Arduino (#9)

a [ a o
4.6.2 Lﬁ’f)ﬂ VI Server 78N Add 114%¥®99 Machine name/address LLE%I’JWZJWWJLEIGU

Y Y Y ]
127.0.0.0 310U aan Ok ao lndulfaaalnidnase Tudon 4

New and Changed Ly

Front Panel ~
Block Diagram Machine Access

Controls/Functions Palettes

Environment Machine access list Machine name/address

Search ¢ 1921681104 ~| [z7004

Paths v

Printing @ Allow access

Source Control |

©) Deny access
Menu Shortcuts

Revision History
Security

Shared Variable Engine
‘Web Server

m,

Exported Vs

Exported VIs st Exported VI I
v s [

@ Allow access

(©) Deny access

0K | [ cancel |[ Help

71U 4.9 Yunounaellsunsu LabVIEW Interface for Arduino (#9)
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Y
a (4

) AaaalUsunsy Arduino v1.0.5-2 lasaiui1soa1lylvaalan

http://arduino.googlecode.com/files/arduino-1.0.5-r2-windows.exe

sketch_may26a | Arduino 1.0.5-2 [P =R

File Edit Sketch Tools Help

sketch_may26a

519 v.10 11504053 Arduino v1.0.5-r2

U

6) 1 11aa Firmware 139731 “LIFA Base.ino” a3 14 Arduino Board Ta8i® 11
Y

] 9y A & [

d‘Q = = dal
TdsunsunaanInUon 4 F9zivuadUANL

File Edit Sketch Toek Help
-
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6.1 1WlaTusunsu Arduino 1d2 11y File >> Open

E’e@ sketch_augl6a | Arduino 1.0.5-r2

Edit Sketch Tools Help

Mew Ctrl+M
Opep,.. Ctrl+O
Sketchbook ’ |
Examples 2
Close Ctrl+W
Save Ctrl+5

3

= v . !
E‘]JV] V.12 mu@@uﬂTﬁ@WIﬁaﬂ Firmware (f19)

62 1aenlild LIFA Base.ino udaaan Open Taelvd Firmware ?J§J:17|
“ C: \Program Files\National Instruments\LabVIEW 2013\vi. lib\LabVIEW Interface for
Arduino\Firmware\LIFA Base.ino ”
a o . J . < @ g £ A '
6.3 AaNuenIvan Firmware a9UUUD3A Arduino 1 USMEATIAUNTIFONAD
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The Development Control System of Vacuum Pressure in

Vacuum Chamber

Nattawat Yachum® ?*, Sorada Khaengkarn?, Jiraphon Srisertpol?®

Abstract

High-quality utilizable synchrotron light needs ultra-high vacuum in the vacuum tubes at approximately 10-#
to 10-ttorr. While the light beam is moved in the tubes, it tends to hit against the tube walls. This phenomenon causes
heat around the hit areas and dissociation of gas or fume from the walls. Consequently, the pressure of beam gets higher
and the quality of the light decreases. Ultra-high vacuum pressure in the light beam tubes can rapidly reduce such the
increased pressure. Then, the ultra-high vacuum pressure generating, the Synchrotron Light Research Institute uses the
primary vacuum pressure pumps { Rough pump and Turbe molecular drag pump) which can produce pressures from the
atmospheric pressure up to 104 torr. Before the system turns off the primary vacuum pressure pumps, the system will
change to the high pressure pump instead, i.e. a sputter ion pump, which can release pressures up to 1042 torr. Currently,
the pumps system using human for controlling. It may lead to an error due to the wrong choice of pumps and period of
each pump usage. This research developed the Automatic Control System of Vacuum Pressure in Vacuum Chamber to
replace the manual control which using in the recently system. The control system used LABVIEW programming and it
can control the system as good as the imported system of the institute. Therefore, the pumps can work automatically and
increase the efficiency of the ultra-high vacuum pressure control. Moreover, when the load increased, the system will be

able to preserve the pressure level for it to decrease or return to normal rapidly.

Keywords : vacuum pressure, ultra-high vacuum, pressure control, Synchrotron Light
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2 5chool of Mecharical Engineering, Suranaree University of Technology.
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Paper 1} 121

1. Introduction

Synchrotron Light Research Institute (Public
Organization) is an institute with Thailand's central
laboratory that offered services from synchrotron light. The
quality of synchrotron used for research must rely on the
synchrotron light creation process from a photon source
and the vacuum technology is important. The suitable
pressure level in the vacuum tube is approximately 10 torr
to 10! torr. The Light moves along the tube may crash into
the tube’s walls, which may create heat in those areas and
dissociation of gas or fume from the walls will be occurred.
This is a reason of pressure increasing of that area and the
quality of light passed those area will be decreased. To
generate the Ultra- high vacuum pressure in the vacuum
tube will allow pressure rapidly be increased and
decreased. The creation of Ultra-high vacuum pressure
relied on 2 types of vacuum pump i.e. molecule drag pump,
which can attract molecules within a closed cycle to the
outside atmosphere (rotary pumps and turbo-melecular
drag pumps) and sputter-ion pumps that bound molecules
to attach or stick them onto the pump’s structure,

Regarding the previous pump’s control system, the
institute imported numercus equipment from aboard. In
order to reduce dependency on imported foreign products,
the institute currently developed a prototype of a sputter-
ion pump [1], which used a manual pump’s control system.
However, the system was still unable to collect important
parameters in order to solve the problem of unstable
pressure and disturbances that caused incorrect vacuum
pressure values for the pump selection and the usage
duration of each pump.

Thus, this article presents the development of the
vacuum pressure control system in a vacuum container
which able to automatically control vacuum pressure. The
developed control

system will be compared the

performance to the imported systems of the institute. The

ST

The 2nd Internaticnal Conference on Engineering Science and Innovative Es I
Technology (ESIT 2016), Phuket, Thailand, April 21 - 23 2016

EF20i6

MOSFET control circuit was designed for power supply,
along with a circuit voltage reduction set that can be
controlled through signals that adjusted Pulse Width
Modulation, PWM [9]. The PWM signal will be controlled by
using the LabVIEW program through the Arduino
microcontroller board. Sensors were also used to measure

pressure in order to control electric current as needed.

2. Literature reviews

2.1 Synchronous Buck DC-DC Converter

The development of a switching power supply set must
be included the design of a converter circuit by using
switches to create electrical signals [2, 3, 4]. The equipment
used for signal generation will use electronic equipment for
switching such as transistors, tricdes, IGBTs, MOSFET, etc.
The design of a switching power supply set for the sputter-
ion pump control system will use the principle of converter
circuit to convert direct current to low direct current that
can reduce voltage by 80-90%. The outlet pressure can be
adjusted by signal modulation as desired. The replacement
of diodes by MOSFET reduced power losses in diedes. The
standard buck converter circuit is shown in Figure 1.

From the synchronous buck converter DC-DC circuit,
output voltage will change according to the duration of
inductive current and reverse-bias by MOSFET [5]. Where
the ratio between the switching equipment’s duration of
current induction and the period will be called the duty

cycle as the equation below.

t
Duty Cycle: D= % (1)
\l
i vy [
T
'f\,.,-' = 5 J{I T

Fig. 1. Synchronous buck DC-DC converter [2]
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2.1.1Finding the inductor for a continuous current

Circuit design for desired output currents [2, 6] will be
considered the inductive current and reverse-bias of the
switch. When the current induction (switch off]), an
electrical current will flow through the inductor to the load.
At the same time, current charging was stored in the
capacitor according to Kirchoffs law, and there was
changed in the current (1, ) as shown in Figure 2(a). While
the switch does not induce the current, a magnetic field will

occur at the conducting coil, which will create voltage (V)
and current flow through the inductor continuously
according to Kirchoff's law, The current difference is found

in the period of reverse-bias (i, ) as in Figure 2(b).

Fig, 2. (a) Buck circuit while inducing current (b) Buck

circuit while reverse-bias [2]

From Figure 2 (a), the Buck circuit while the current
conduction switch was closed, the following equation

represented the current change.

(Y )y @)
o0 L )

=
=

1]
g

From Figure 2 (b], the Buck current while the current
conduction switch was opened, the following equation

represented the current change current change.

A Loff '[%J“'D}T f3]

When the circuit work on a stable condition, current
change {; in 1 period of switching will be equal to 0. Thus,

we get.

V =DV

DY, (4

The circuit's output voltage will depend on the input
voltage and the duty cycle value (Duty cycle: D), where the
output voltage will be always lower than the input voltage.

When the circuit works on a stable condition, the value of
the capacitor’s current (I, }in 1 switching period (T) will
be equal to zero while the average inductive current (I, )

will be equal to the average output current. Thus, we get

Y
[ =1 =—%
L L] R,

{3)
The changed current while inductive current and
reverse-bias, the maximum and minimum inductive current

in inductor will be calculated from equation (6) and (7).

i, 1-D
'u.u—'ri—m" =V, L +{ ) {6)

2 R, 2Lf

A, (1 amy)
[, =] —kmy | =i 7
i L 2 u-\RL f}. {]

The minimally inductive coil (L, ) that allows the
Synchronous buck DC-DC Converter works in Continuous-
Current Mode {CCM) will be determined the value of [, to

be zero. Thus,

_ Vi V-Vy)

. (8)

Aiy

2.1.2 The capacitor for reducing output voltage ripples

The capacitor’s value was assumed to be very high value
[2, 6] in order to preserve and stabilize output voltage
without ripples. The value of the aforementioned capacitor
could not be found. Qutput voltage ripples can be found
from the relationship between voltage and current in the

capacitor in the equation (9).
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170, (9
Capacitor charging will occur when the value of the

current {_is positive. From the definition of a capacitor, we

get,
Q=CV, (10)
MY =CAV (11)
AV, _AQ (12)

Fig. 3. Voltage and current signals for capacitor value
analyses [2]

{a) Capacitor current (b) Capacitor voltage ripple

To find the value of AQ from the shaded area in Figure

2(a) using equation (11).

1TV ALY [ TAL,
=335
= AN TS
. AL _
Thus, AV, = 8/C (13)

2.2 Full Bridge Converter

The converter of direct current to alternating current
using switches to close and open the circuit as shown in
Table 1. The analyzing of the voltage can uses the circuit in
Figure 4 and can be divided into 3 levels, i.e. +V_,-V_ 0 [7].
The H-bridge inverter will be operated in 4 sequences. In

the case of the switches 5, and §, are closed (switch on)

simultaneously this causes the positive voltage. On the

others hand, if the switches S, and 8, are closed (switch on)

simultanecusly, the voltage will be negative. But ehen

switches S, and §; or 8, and S, are closed (switch on)

simultaneously, the voltage will be zero.

Fig.4 . H-Bridge inverter circuit [2]

Table 1 The characteristics of the switches of the H-

Bridge inverter [2]

Sequence  Switched Closed  Output Voltage, V,
1 S1and 52 +Ve
2 Sland §3 0
3 $3and S4 -V,
4 52 and 54 0

3. Methodology
3.1 Circuitdesign

The design of the sputter ion pump control circuit will
use a supply source with a minimal voltage at 7,000- 3,000
volts [8]. This work designed the equalization circuit from
AC current to direct current. This circuit can adjust or
increase as needed with a continucus veltage reduction
circuit  controlled by PWM  signal control wvia
microcontroller boards. Electrical signals passed the
voltage reduction circuit was converted to sin wave-like
signals by using the H bridge inverter circuit [9]. The design
steps and methods according to the following block

diagram in Figure 5.
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Fig. 5. Function block diagram

3.1.1 Power supply source

The DC Power supply set chose at 50 volts, 1 ampere.
3.1.2 Design of Synchronous Buck DC-DC converter
circuit
(1) Design of an inductor for a ripple current

From equation (8), the entry voltage was determined at
50 volts and the output voltage that affected ripple the most
at 25 volts { A <0.12A ). The frequency in signal switch
was at 10 kHz [10]. Thus, the selected inductor was
Lz 20mH.
(2) Design of a capacitor to reduce output voltage ripples

From equation (13), output voltage ripples were
determined at not exceed AV, =10mV [10]. Thus, the
selected capacitor was C=150uF,
3.1.3 PWM signal control set

The PWM signal control set in the sputter ion control
circuit consisted of 3 parts, (1) Synchronous Buck DC-DC
converter circuit control, (2) the inverter circuit contrel,
and (3) the voltage expansion circuit control. The 2 of PWM
signal control were controlled the signal through a set of
microcontroller boards and signal control through IC sets,
number KA3525A as shown in Figure 6. The PWM signals
was supplied with constant frequencies and amplitudes. In
the part of Synchronous Buck DC-DC converter circuit
control, analog signals were received from pressure sensors

in order to control FWM signals according to load.

Fig. 6. Microcontroller board and PWM control circuit
numberKA3525A (https:/ fwww.arduino.cc and
http: / /www.datasheetcatalog.com)

3.1.4 Opto Isolated

A power supply control signal splitter using IC number
CNY17 and 12 V of electricity, which was suitable for
working well with IC along with the MOSFET gate drive

circuit as shown in Figure 7.

om Ie O+5V

r i
| |
REJ
| |
S S

Channal |

Channel Il

Fig. 7. Opto Isolated circuit number CNY17
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3.1.5 Power MOSFET Switching

Figure 8 showed a voltage power supply controller that
used a MOSFET p-Channel number IRFP460 with a voltage
rating of 500 V. It was suitable for use with high voltage and

was designed to be able to use with inverter circuits.

TC-24TAC

Fig. 8, MOSFET number IRFP460

3.1.6 TPG300 Pressure gauge

A TPG300 pressure gauge shown in Figure 5 was using
for measuring pressure in UHV levels in closed system., The
pressure gauge has an analog signal output that can change

values into pressure.

Fig. 9. TPG300 Pressure gauge

3.2 Equipment and operation of vacuum
creation

From Figurel0 , there is an equipment set for creating
vacuum pressure in containers for preserving the pressure
at extremely high levels, or at approximately 10 to 1011
torr. The 2 types of pressure pumps are required ie.
molecule drag pump, which attracted molecules within the
closed cycle to the outside atmosphere, such as rotary pump

(RP) or turbo molecular pump (TMP) and sputter ion pump

(SIP) that bound molecules in the pump’s structure. For the
vacuum process creation, it starts with rough pressure by
using rotary and turbo molecular pumps in order to achieve
apressure of 104 torr. After that, checking for container and
various joint leaks were completed with using a leak
detector as shownin Figure 11. When leaks were not found,
the next process was to apply up to150°C heat to the
container at least 60 hours to test the outgassing of its
surface as much as possible. After that, the heat generation
set was turned off, the pressure was reduced to
approximately 107 torr. Subsequently, the sputter ion
pump {SIP) can be started, which caused the container’s
pressure decreased to 10% torr. When the obtained
pressure was more than the pressure from the rough pump,
the pump was closed in order to eliminate the part of the

rough pump and only use the part of the sputter ion pump.

Fig. 10. Components and equipment used in vacuum

pressure creation

Fig.11 . Vacuum container leak detector
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4., Results and discussion

The test of the vacuum pressure control system set in
the 2,300 liter test container, before testing, the pressure in
the test container must be maintained at the HV level, or
around less than 10°7 torr, For the tests of both sputter ion
pump control sets, compared between an imported control
sets and developed control sets, the 3000 V direct current
voltage was supplied to each sets. Moreover, both
experimentations was simulated the air disturbances
entering the test containers and pressure increasing around
107 torr was controlled through control valves installed on
the container, After that, pressure was measured with the

following experimental results.

4.1 The imported control set

The electricity was supplied to the control set at 3,000
volts and created air disturbance in into containers, which
caused the pressure increasing to 1077 torr, After that, the
valve was closed and the reduced pressure was measured.
As the control set preserved pressure levels by increasing
voltage to the pump, which took time to restore the
pressure back to normal approximately 1.5 minutes as

shown in Figure 12.
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Fig. 12. The graph display pressure decrease by using the

imported control sets

4.2 Developed control sets

The electricity was supplied to the control set at 3,000
volts through a microcontroller board with programming
by using the LABVIEW program and an inverter circuit.
After that, air disturbance was created and sent into
containers, which increased its pressure to 107 torr. After
that, the valve was closed and the reduced pressure was
measured. The developed control set will have a stable
electric power. The duration for pressure restoration back

to normal took around 2 minutes as shown in Figure 13.
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Fig. 13. The graph display pressure decrease by using the

developed control sets

5. Conclusion

From experimentations, the developed sputter ion
control system was able to preserve vacuum pressure in the
Ultra High Vacuum area for a long period as good as the
imported control system. However, the interference signal
i.e. air was fed in the test container, pressure was increased.
The control system with electric power control function
when load increased it was able to preserve pressure levels
by decrease or restore pressure to normal level faster than

control system with a constant electric power supply.
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