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ABSTRACT

The aim of this study is to increase water uptake during seed germination
by developing a DBD-like plasma jet generator. To achieve this, the plasma source
was designed using SolidWorks and simulated using the flow simulation add-in to
ensure uniform gas flow. The gas velocity was increased by reducing the cross-
sectional area of the nozzle. The developed plasma source can discharge gases into
a stable plasma with a voltage range of 3-5 kV and a frequency of 70 kHz. The gas
flow rate was tested at 0, 0.5 and 1 pm. It was found that the maximum electrical
power was observed at a gas flow rate of 0.5 l[pm. The seeds were treated with the
plasma source to promote their germination, varying the treatment time from 5 to 25
seconds. The study showed that the germination rate of the plasma-treated seeds
was _10% higher than that of the control seeds within the first five days of growth,
indicating an improvement in the ability of the seed coat to absorb water and
nutrients from the environment. This improvement was attributed to the increased

ability of the seed coat to adsorb oxygen and moisture.

Keyword : DBD-like plasma jet, Germination rate, Plasma-treated seeds
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2. Anwimansgnuvesialys nadniln ssegian onsinisinavesuia Tuduneu
) % A i - 8 v ¢
nsUFudgeimenanaundmanailesidudnissenveadaaiudimeaislas (e
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esainwananiuszneudiglosaudindeuiidiuardidnaseuiianuadessgs iosan
finatiosninun lunanasnlooouuaydidnnseuiioglndfuazasnaauulnihiy wasdess
paoutludteynialndiAssfifiuszqliit uenaindunisindeuiivesszqlnfiazadansvua
warauutindnmionhluuinadu q Tu weghdlsimueumuuiudidneseu (n.) wae

Aaunukiulessu (n) lunatauiasia1si 9 duane Tude n= n; J9vilvilsegans

Juaud naraudsegluaniiziadunarsmelill (Quasineutrality) Wagnaiau1suans



woAnT3u321 (Collective behavior) Fuifung@nssuiingueyninlunatauiuandosns
S 1wy Anuauisalunistesiunissunauanauuliihinisusn uagnsiausIuTy
(Sheath region) fiflArunEILUUBIENATOURINIIAITEV L WIUTedloaaU USIMT0Ese
sgananaunfuiatag aualiihuinadndezafus mslaihiidunisiedoudives
BLANATOUBDNIINNAIANT FIDE19VBINTLUIUNITASNAIAUIRUY Electrical discharge
annsauanslel fanmdl 2.2 Fremsliaunaliiiifiessdidnaseulisuiuluanavesuia O,
CO, uay N, Wodidnnseuldsundsnunntuinanis nmsvuresdilnasousuluanaves
wigazarnisansziuliuiawanduunataun synialunalauaiiniiuisslinenis
AnUHATen watauausaasiaimazuausausanuil fregnswesesausznauly
Nagu181n1d Ao NO, N,*, e, OH, O3, Peroxide, Superoxide radicals, Photons, [3]

Wy

Air inlet

V
Electrical

Energy Peroxide, superoxide Radicals Electrode

i v 3
Thermion
Photons

AN 2.2 MIassaatsnaaunlagnsnsedumeanalni (Electrical discharge) [3]

Tunsdlvesufia msirdeuiiveshuanaszgnmvualnsguvai uslunsdlveswanasn
178909L089U (M) JAMINAIINIAYVIBLENATEY (M) 47N tagdlavedlusnsou m; >
1835m, fatudidnnseuTfianinanuadesa (Mobility) genitlessusin egnnsedu
vizaldsundsnuannateuen dilnnseuasmevauadldiiand winisduwulusmdy Wesn
nsvuiuszrinesdnnseusaslossuiunduilaosinn Juiiliuiadiulnadmdndsen
slndiRsstundanuiigumaiifios didundwiuvesdidnasouisiidiganimdsnures
loooulazAduIn ANENNNT

keT, >> kgT, = kT, (2.1)
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YOUAd WU NaaIANAUUTTBINIAYEaNTe anmniivewiiataslosaursiialnalAssiv

[

aaungdvies (R 300 K) luvae?lgaum)iivoadiannseutiue19geda 20,000 K Faqusgfiu

9 Y

A

Reulvlun1sganaian drewmvngumvgilvetseynialunalianiiondgedaaleviiunaiy
i13eflsnvengaumgiiviendiruvetseunialunatautiuiieddnaseuliad (ev) lngi

keT =1leV = 11,600 K (2.2)

dnugnaaun (Plasma state) avUsenaulusmsouniavanesiln 1y looau

|

(lons) 81énn38U (Electrons) amseaalidd (Neutral species) haghonfinaldd (Active

. = & 2 P =% a o P
species) Fuluggnauvialuanaildiaies Fuinainnisunnilvadluianavesiiansiu
feg19u Wesediannseuliini1uage (Fast electron) Whyuluanavesuiiaeendiau

©,) %ﬁ‘wmaﬂﬁﬁ%mﬁﬁiammﬁm%uﬁ W [10], [11]

erast + 02 > 0z + e (2.3)
erast + 0, > 0+ 0 +e (2.9)
erast T 0= 0" + e (2.5)
erast 0> 0" +e+e (2.6)
0+ 0, > 05 (2.7)
0* + e - 0 + photon (2.8)

lned e waw 0 vu1edis Biannsouwareandiaulossu mua1nu
0, 0* uag 03 AR LIHARANLAAIINNTTLANGATDILULANADBNTIU HYBISENFIINY

A9 DaNTIURYADY ONTIAUNYNNTEAN kazlolau

03 v LulanNavesaenTaungNNI iy
a = N e A i o |aaa @ = a v %
sysuvRvekeainalddvzdiaudedhlunisvihufaten dcudiouiiiandilng

nanaufildiunanrosElidane q dudu nadilenanalidimariinuesnonfifuiives

'
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ansnNnauUNIN381 (Plasma surface interactions) FINUKALNAY HINTNA 2.3
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AN 2.3 AIND1ABINITLNABUNTNIEINUTEIINNNAIFUINUNURD [12]
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Tunsalnufansdunldlunisasramaraufdiunanvosuianioslru]izen

(Active gases) WU pondiau lalasiau 1ot vl e Wewlamariidnnisuanduu
wanaun asinLipeoafiiauieslituusiueglusnarmaianlévaissia wu nanaan
Qﬂﬁ%}’msﬁuﬁﬂ’s’mﬁUUﬁmmﬂ Fafldrunanveshilasiau (N,) 0on@iau (0,) uagleth (H,0)
1agldnatanienie (Air plasma) #&RINGuLIARoaadouiidilulndusnusesse
(Boundary layer) 5813190 3LHUFIU @luditae wealnlnaw) fumaddunenia axluadis

WuszAuagnouNiNg iU O 1U1lUAe H aana1nwuse CH iialdusanealansanda

{ o a0

(Hydroxyl radical, OH) Mi§afingudedlasieufiserdearnsadnludunivaznaudy q ida
19an 9350158 Iing ey (Surface energy) vasanuuaguly 1y nsadiany

isArealunguaisueila (-C=0) AFusnda (-COOH) lansenda (-OH) waziofiu (-N-) aziiiu

'
a a [ =

WAIULAIEIVR AR FaagvilviiivesdaniinuyeuINInau (Increase hydrophilic) wagil

£
a a

n158aRnA3u (Improve adhesion) Aassitdalaeldwaraundu (Sterilization by low

temperature plasmas) Nsanelagldnaduiuaiuisautsesnidu 2 UseLnvvan 9 fie
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desnlifesasyuluszuvagonia wedamiudzaanluninidusudiuazesn wid
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fuaduoudordunisannsafntulduaisuuy Wesainnarauusznaudieaddd
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arwiing (RF) aliddmaniagisunsiBenfuiunuieadventoqdunddliunnsiefuly
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LAASFININT 2.4

PRIMARY e- RNS | ROS | RHS I CHARGED
/J, I '\ PARTICLES
Oxidation Oxldanon DNA Electros?atic

of proteins  of lipids  damage disruption

] @®
\\\\\\\‘ Photo—@

desorption

RADICALS

SECONDARY e-

Etching/ .
Erosion I

ELECTRON
CLOUD

LEEB OVERLAPPED CAPP
MECHANISMS MECHANISMS MECHANISMS

AN 2.4 29AUTENDUYDINAAUNAINANTENUADNIEANLALTNATVBIA] [5]
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2.2 unasanelndnsunaaun

unasdngluussiugersunasdglnlniddavisiaunsandaiednausaduaald

wraednelnuserugadnlalunasldnundesnisawulniiussas wu lunisndanailaun

figunsaldnelviussiuamaieUssianianunsalddmsunisasaanaiauiigy

1.

windagglu DC (Direct current) w3sfuge: undsdtelwmdrdasiuerdyn
wsaulniihnszuanss (00) wazlneihnluarldlundosiilianataundedonisass
aszualiihiierhliufaunnsduloosuazadonaiasn

wndagnelil AC (Alternating current) usssuga: wnasdnglulimarindatondnn
LLiﬂé'fulﬂ/\JﬂmizLLaaﬁuﬁﬂiﬁi’j‘luLﬂ‘%aaﬁwLﬁm‘wawamﬁiﬁ’faumb\lﬁwgqmmﬁqaLﬁav‘fﬂﬁ
whiauanddulossunazadanatauléinnusuussona
udsnglnussfugauuiad (Pulse): wnaadnglvmadnaniodnaussiulaii
wuuiaduaszliluinsosiudananaun@serdonisuaesnsaualniihuuuiadiiiovila

whawanfdulonaulazasawataun

wagdmsunaraufignasiuluesufuinisdrulugldauulnilunsviliuia

wanal Feiilassasrauuladianninuusioosnayisa (Dielectric barrier discharge) wag

Capacitively coupled plasma (CCP) atuni1shayisatiuauiu aedudssndudosld

Lma'qahalvslﬁﬁﬂszLLaaé’ULLiﬂé’uqﬂmmmﬁmmLma'afdegﬂLLﬂqaaﬂLﬂu 3 979 A

1.

VY oY
ad v a &

o = o a0 ] a
AUNANT (Low frequency) FIUAIINANINI 100 kHz NYINAIIUUNIBDANNTOULAY

loeauarsavauswwanIsasuslasvasaunsbuiinlaviu

Y
a

a . ~ v o | a a
A13D 3N (Radio frequency) slio9a1nn1sldunasdtelngiuniuddenad

o

:1' e = o ° aa Y]
au igﬁy"lquma@@@@ﬂll']il]ﬂ']uaqﬂﬂimaaﬁqi G\Nllﬂqﬁﬂqﬂu@ﬂﬁqmﬂwaww’]mﬁlm%

o)

a s

& A a 4:4'dy a a
NIANYIFIAASHASNITRNNEY AD 13.56 MHZz N9719A1UD NI TR N2 DaNASoY
WINUUNNaUAUIRNISIUAsULYaIvasdun InAN e vy TuvzRlensuaziloy
A A Ay
IB9AALARDUNTN
AMudllAsN (Microwave frequency) tiasaannsldunasanglvgiuniuidens
fndudyaavanasnoanunsunaugunsaidoas Jansimunnudneya e vly
NINYIANEARS DIUITHAZAISHNNE AB 2.45 GHz N¥9AUN1SIUAsULUAUD
AU A NLARTUSILN wRBANATaUARBUANDIR NI AL ULUaYRIaRY LA

loviu Tuvaueiilosaunouagneatiatiosnniiinaey
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Faunaatrglazdusinunanifndniifiddydmiunisassaulndilunis
vilvuAaunndndunaraunlifiauiduuiseinia lnggaudulussuunatanwuudl
Tnssademundnnisladidnnsnuuiieasiawisa Aaimsalididnuazasaniignanasn
qmmﬁsﬁ"n (tfoN3n 70 °0) o seAUAINAULNAMTIUTIOINIA (~105 Pa) 91913unWANEN
Uspanildn “manasnussennie” idesrndlsduuinveunassglin auvasasy way
awansolunsmuausziudndlniinazidalniin dmduuvasenelnaduiisidndge
(High voltage power supply) fiszsunanedualaliadfivihaulugiuanudluga Aladsnd
(kHz) fannedsnd (MHz) auanumsngaudmsumnidanataiiuias sy wuuLilosann
anuildtusgniniasidnlnge fanmmsliidadeuvigunsamalaiiigusifuusgq i
Aaantuladidnmin manumienhiiaantalaveiumisadiluiasuasndionva

a

LSIAU AZAISIANIA99ULI991NNSIAAAIAINUAIUNIY R MAATULLDIINFIALIA

Y

wanauFeausaisuidedluguwuuvensasiiald wu C Aofiiuuseq uwax L Ao

WREIUNLANTY 89AUSENBUAINNANNINNIETNAADNISHEDNTI9VBIANUA LML FUA LY

wira9978 lWAlg9A25N A0 1u5aUSUAIINDLA LD AN UIVDINITUUNTIVD S

[ A

DUNLAUD S9N WA 2.5

Plasma source

Agoz]igv ) DC Rectifier Inverter . trai:g)lrlli]er L R
Il
DA Il
. I C
Voltage Adj. Frequency Adj. [l
Current Adj. | |Duty cycle Adj. i
\ ’ — )

N7 2.5 lnezunsuiiazi9isialiouvasnnidanalrauszuvladidnnsnuusionsfasisa

13915115 UINNT 2.5 wuksesundunsesulninsywaaduivun 220 Taad
(V) wazA1ud 50 1Bsed (Hz) iWunsssulniinazenudvssnasina iy lunldludunse
% A & | I o Y v a = I~ ¢ al
drinaulunargusenea ‘1/1LUUmemawaqmulmmwnsmﬂisLLa%QLUuqﬂﬂimmLUaa
Iniihaannszuaaduduluihinszuanss 108199392 Aaa1n130918n SLHARAZAIUANTZAUVDY
L3esunIelinuIsesdunesines Julugunsalilunisulasusnuliiinssuansdindu

uwssnulniihnszuaaduiansaUSuanudle wasidsusaduunsuawazussiulniilvingny

=

fusunaurduley iedeviiuniisuvasinuuadgundl (Primary winding) Aldn1siwnilediin
wamantwiliendasusesulniinansesunilsludnsedunilamudemrunvessiawlas

NUUABLDIANA (Output) nilauUasnuvanAenil (Secondary winding) LnusaLmie1in
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(] o 1 Y (] [ o I a A 1 = o Y a a a 1

duiudufinlsduiulTUuAIBLNLAUGYD9DS Beagvialiiiuyszansninlunisaalou
mMasulnduifditianataun vinaudduiuaudlivitzaudvdmalinidagnaeluds
Inantesa G011 lugUymusednsaananas tinAnuTouiady wavaAuHmNeuYDs
U UALTY AITUNITAINUAAIAINATEIUITLIZEL LAVNN1TUTUNIAUAN
wuzay aggeliiiuyszd@nsainn1svineiuresszuuiIAlanatau @1u1aun

ANMUAUNUSIINFNNST (2.9)

1
f =& 9 2.9
. . ' 2m/LC o . 29)
W f, AudLslowuud L Asaiadwidenininaiuluias R As Wwasiinannnis
L% 2% < & I a a (% o o a a
wanvasialunaian uwag C Ao Aaugliihiiinainlassasiswesiiilianataynd

afloududunuiszqlingms
2.3 MUATpNNgItas

miﬂizqﬂ@ﬂﬁi’fwmamLﬁ'amiw?{auuﬂaﬁuﬂwmmiﬁmmuaWﬂumaﬁﬁuagjﬁu
fnquszasdvesglian lidazdulunguuesnisiiin (Addition) exnesmieluana el
WAIINULTIND (Increase of surface energy) Lﬁmwyjﬁﬂﬁ%u (Introduction of chemical
groups) #3aian1siAdou (Deposition/coating) %m%ﬁIUﬂﬁjm%aQﬂﬂiﬂO’]fﬁlﬂ (Removal)
oymauiifiui awgnuvseanuiiion1svinannsazen (Cleaning) ianisiinuenz (Etching)

“3oLen1381@e (Sterilization) Inglusiuidednanaungnasieduaglumining

VN13HND W RUNG 1 UTIR was vy ilantu gasiudaiuginventsd wagvinlian
a < o & a P o 4 <
nsiAalsAluNsELINNTIIEUgN WandansageduaLTukaroandlaulanuy inliudn
sonladuazlang nusednmglenianuiaudlauinty lnguuivn1an1sWmuInaIdun
Wi9N15NEATRAZAAINNTINMITLUY T 2017-2060 @uNTORARRININT 2.6 T
nsUszgndldnaauiion1sinens azheduasuliiinnisininunsuwuudadu (Sustainable
farming) 1A&NITATUANANINLINA DN INALNIAULAEUT D8N UnaREs Tutunounis

USulsauaniiug uaztgliianisuauiug (Breeding) Inenisuiuusedu Wudu



2020

For food industry

Advantage in plasma treatment/lssues

2030 2040 2050 2060

Plasma
Inactivation of
micro-organisms

Consumers Sustainable and
Health > safe food cycle

Replace pesticide Inactivation enzymes

Nutrition Carbohydrate, fat, protein, vitamin, mineral, ...
Preserving flavor, repla{;ing current method

Control and safety Diagnostics and plasma source development

Decontamination

Distributors
Food hygiene, safety, securityb

For agriculture

Enhanced
germinatiun.

Storage (Sterilization),
processing (Additives)
Producer-side agriculture

Sustainable farming

e
Control of microbial environment in soil and water

Productivi
roductivity - Optimize plasma

plant growth

DNA
introduction

Increasing yield of seedlinrgs enhanced growth

Breeding
Selectivity, environment Reduce cell damage,
Gene therapies lhuman safety I

AN 2.6 LL‘L!’ZJ‘VI’Nﬂ’]iﬁﬁuquaﬁﬁu’]LﬁEJﬂ’]iLﬂ‘i&HﬂiLL@%QWﬁWﬂﬂiiN@WW’]i [13]

14

Tud p.A. 2020 J. Tonng wasAnie[14] laldnarauioiniAkuuauIuIeiulSulse

Ramdnnugilineaislesiiviaiang o fu warfnerdnsinisteniaznisiasisiiu

HANSANINUIINTUTUUTIEnadunlagldianiies 3 Ui amnsaiiudnsinisenle

Tuvagdidldnainisusulpienatauiuingwdy 9 3w watguigiuisaiateduuas

fuganisionvetuaniugle
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seed coat

’ endosperm

" <«radicle

(=)
o
)

 ctrl *

® plasma treatment

n
o
1

40

30 A

Germination percentage (%) w

28 48
Germination time (h)

P i Y ) Py 1Y
AN 2.7 A. ‘WW}%@W‘Eﬂf\]ﬁﬂammz‘lﬂadmiiﬂw’mwwmammmﬁ (B) anwrN15I9NUDY

WanvaINguAIUANRAZNaNlAsUNSUNUAT 28 uay 48 Falua [14]

v 1 pry

n1sUszenAldnataniientsusuUgRauaniugiivnis q Wedielunissenuasy

]

(%
(Y o

nswaseiivle feindusedduiidddldsuanuaulanainindgnmaneaswasinnataun
wialulad Tnelul a.a. 2011 Z. Zhou wegAug [15] 910 Institute of Applied Physics of
Guizhou normal college Useiadu Ioldnanaunduiipinisuus ssanrkutawIuaaeiy
Usudpinmdaiuduziema Tnsnwnavesaaussdndltin (4,760 V.= 6,120 v) ity

[

nsganaaResns MseiapAultazmsiNanEs wuiwdaiugiignusuusenielinig
snadn Sl 6,120 v Temsannsiadadvlnuaslvinandngign desurindndluiinig
Fpanaazvinlinishariafintues waiane uagguusmediazvilioyniaiiiedade
U381 (Active air particles) uag3sddanshileian anunsanzqauboriuimdn (Capsule
of the seeds) nazduliiAnnsdeihuvounaiivdeidssdiudieg veasad ¥ilviAnnissen

YITINDONINUAALIATY
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soutud a.A. 2013 1. Filatova wazane [16] laldunasingliauding vin1syn
warauanuianssundueiniangldvrlnfiauuuuruguuiuwazuuunsinssuen 9Ny
narauunviulsuudadalng 919818 wasiudnniglu lnednyinavesindaliiiuas

ANAY FNUINNAIINAR 500 mTorr wasinaslnili 0.2 W/em? wagldiaalunisusulse 5

v
s [ 1 U

Wl Ruvdenfuudniuggninnseuniainlossuazishneasinnaiaun Jedunaldain
A e SEM vinlivnanunsadueud U lwudalenvy danalvensinissaniiAiunniy

sioulut) A.@. 2014 T. Sarinont hazamy [17] lalwatautduiausuussoNnia

'
v 6

LUUANINYI AU S U SR wdniugiasen Tneldaailunis usudse 3 unil Tnefnwidng

3

a a = 1 [ o = ! & o A Ly 14
n1sasguladieadiuly 13U wag 7 Fu Fanuinudeandealiiunis usud geeae
wanaulasININAANAIUANES 3.7 Wintuduusn uay 1.3 wih Wediuly 7 Yu wenainuu
Y ] a 2 o o A X & v 5 ] o ' 9 %
fanungumgivesudniileniuduiiesdntey (Gl 60 °C) Tuseninamsuiudseme
wanaun Jelidwmadasnsin1ssonuaznisiaseaule Tutneadud L Ling wazaz [18] 1a

Tdwanaudunauduslunisusvlguudanugdundeadunardu 9 wWiss 15 Junil

9

lns@nwinavasinasiniilunisganataualuga 60-120 W wan1sfinwinudnfiiiaslii

o sa

80 W widaiugdniwiesflianuanunsaliunisgaduiniuiu 14.03% aenadesiuosidus

9

1%
=

N1390NiNTY 14.66% wagilosidudaudanuuiusaindu 63.33% uonainil Tong
Jiayun wazang [10] laldnaraunduiininuiuusssin1AkuuanIueINeny wWeviinis
Usuussawaanudimzaisles lnsdnwinavaaussiulnialdlunisyanaiaunluag
3,400-5,950 V kazia1n15U5ul e (Exposure time) Tugag 0-20 JW191 HaN15nAR@InuIn
wssnulwihildlunisganaras 5,950 V wagiaal 10 3unil anunsasiaUesidudnisenls
RN IEGE AN

1 = . . v < [V 1 [ a 13

aoubul A.A. 2015 Li Ling wazanie [11] talgwataunidunsnaniuidsulgsiniwdn

Wugigniunataeaiiuinudn nansvasedinawuiuaduiandindes Ao walaun

o v
CCY) (Y o <@

anunsaiiaAUesidudnision 8nnidtandnsnisaetidueenainuandan 1isuiauasls
= Y
aneng

saulul a.d. 2016 S. H. Jiwazang [19] loldunasrelndndlniraswuuiad
A5 MANAN NI U AUAUUITENIALUUBUIUTINAY LiNerIINTUTUUTIRAnuSHnTvY

o1 lesUnAlaNuanNusinluazisnsIn15Ians weann1sanwInuIieldo1na

9

(3

I3 v & v o & & o s A v = s &
LUULLﬂaG\QWUI‘Uﬂ'ﬁQﬂWﬁWaNWLL‘U‘UW'ﬁa LllaﬂWUﬁqNﬂITNVINWUﬂWﬁI%WaWa@JWNL‘UE]?L‘ZIUG]

De

MsseniiNaY uid ldwanauunifuluwdaiugesesidudnisienazanad nan1snnaaadl
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PrFuidananslinaraniudaiugezdosdinnumnganniessfedliuiauly
iesnnisireasnesndiaudiioshlunsfnufiien uazuasginnwanaineiavzgrude
uwdadiluyatessuuigad (Cellular damage) uagludifeafuil A. Zahoranova waz
ansz [20] Maldnandunudieusuussernanelddalwiuuy Diffuse coplanar surface
barrier discharge (DCSBD) vhnsldfudaiusinand lasszuvdalnihadadannsoadng
wanaunfiadlylihgsds 100 w/em? Maarlugas 10-600 Funit nnsAnemuianaa
w29 20-50 AU aunsaliidesidudnissentavaviiniuudwssrasudn (Vigor of

seeding) WiuAuag1iulaTadsaanadetuAuaINTaluN1sTULY (Wettability) Aunndu

]
a a

uanINtuNaINNIAasunsUuiloutanteaunIsiduatly nuiinisuiulsedae
wanaananIndusinsaigiulaveuteaaunIsuui s Emiugle

Tud a.m. 2016 D. Butscher wazag [21] laldwarannduiaaudy
Uiimmmwuamumﬂaﬁu (Dielectric barrier discharge: DBD) Tneldunasdnglienud 10
kHz wsasulniia 8 kv uwagaanuninaiad 500 ns USuUsauanusiv aneu wazmdnsayd
diodudude £ coli nanisnaassmuiiwarauiaiunsavinliitesnadldgeqnia 3.4
Logarithmic ialdainisatenataunly 5 wiflusn 9lA59a31908958UU DBD wanfann

a = < oAy [ =3 v 6 1 1 a a o 1%
N 2.8 "le\]%LV]‘lJ’J'WLBJEJG]ENﬂ'ﬁ‘UiUU?QLN@@WUQ@U’NG}@L‘U@QLL@%UiMWﬂJNWﬂﬁ]%Wﬂ@U’]ﬂ

as inlat
g plasma \\ electrical insulation
v\ .

electrode dielectric barrier | I"l /
/

| R I— _-_.;‘_‘
il

! ¢ power

1 \_ _/ supply

NI _
i
1
___Y___J
grounding

A / optical fiber access ~ 10am
electrical shielding !

vibrating table sample

dl ¥ U o a d’ U :.;
A9 2.8 Taseas1emAilanandunfinuauusIeIN AU URNINYINNNY [21]
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Tl A.f. 2017 Y. J. Oh uazay [22] WWldlulasivadmatanbuiiinainnis
LLG]ﬂGT’J’UENLLﬁﬁluImSLﬁ]uﬁﬂﬂﬁuﬁumbﬂwoﬂﬂﬂiguEq?ﬂﬂﬁilfﬂ%iy,LaUIM%BQL%@ Salmonella
typhimurium luuseuwsAY nan1snaaemuIimasiiill 900 W wazaiusu 667 Pa
e 20 unit wanasnassvliideanasliasanis 2.6 0.4 log CFU/g Bsagmuiiam
FldAoutieuiu naznsldnnusuvaeiian (Working pressure) firaut1asasinliguy
89U (Sprout) ﬁLﬁEJﬂ’J’]SJﬁiJ%JULLaZLﬁEJ’NWEJL‘ij@ﬂﬁ]’]ﬂﬂ’]ii%L%S%@Qﬁéﬁiuﬁﬂ’l’wqmmﬁﬂﬂﬂ
NaueIN1sTamanuwsAvaiuisaTouieuainueadudsuushsimiziduian 4 Ju

ndafiiuazlinunsUTulTsmenaaun (23] lanadnsiaaind 2.9

60 - 0O untreated -
® plasma treated, t =15 min

50

40+

30

204

number of seeds

10

length of sprout (cm)

a ™ a Y a a <, o & a o
ANNN 2.9 WTHUNUAINUSNAUDBULIATNLNIZLUUNAN 4 U ﬁ]"lﬂLﬂJa@V]N"IULLathN"Iu

nsUuUsamenanaun [22]

1Y a.a. 2015 D. Dobrin uazAng [23] - IalgnatauniduniausuusseIniAwuy
AWIUVINNUUTVURRIWAATLEIaNA tnglamddliluede 2.7 W ussaulih 15 kv uaz

Tonadunfagidgu nan13I9sns1NIsHEUlNYIRLaaUANNAATTHNIUNNS LENaNEN WU

v

waraua soLInE s UdEvaNdniug Y liwdngaduautulazeendiaulanay

o
[

%N@ﬂLLﬁ%LaUIGIVLé{L%’)ﬂ’j’] FIlATIAF1RIATIANAIENTIAIINAUUTTI NP UUAUIUVINAU

LAASIFININA 2.10
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Seed

7

Glass plate

Aluminum
tape

a ¥ v o a N 2 :’/
AT 2.10 TAssasamA L lana1auINAUALUTTEINIALUUAUIUYINNAY [23]

o
v

Tul A.A. 2018 S. Srisonphan [24] Tavn1sAnyITMINITUNURITUAIAEE
asjmaneLiianan nuRandauansalun1sleninlid n151139ATNLY Water imbibition

W) Tagnslanananwuulaldarnuseuluussennia Nonthermal atmospheric plasma

% [

(NAP) angnsalaeulinuiadentnlaiiudu dmsuingnie@aineg wu winiugdnn wui

q

NAP @131150A3UANN1TAATUUILALANTUNINTZINVRIVa LA ULIMAR UL Falu
' [ a A da X v &
HANSENUTIMAUYINMTURsUWamIMEamkaznIuall NAnTuaInnsuanduduloseu
ddnasou ignnszdussauulih@misiunisasnsoyyadasy (Free radicals, FR) 713
AMNFIAYLTY BUYADHTY Yo99NTLaU(Reactive oxygen species, ROS) uagoyyadasy
w93lulnsL9U Reactive nitrogen species (RNS) lpgildvinlimdndnaidevie wagwuin
& v A Y 1 o S aa & vy Y = Ao
90% VeuUAATINHUNTUTUUTIMENaaRgadutAguiElinunadnnn MNRTY
LATVIULAY FINAauILUU NAP antnsaussendbdlatuiuiafivainrans suuuliinasiu

'
o a

2 17 %39 3 AR HININA 2.11 AINI1ABIAENTZUIUNISNNHENS LAzl NdaNananIsiiy

&

AUYBUUNIVDINUR?
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Electric field e § 1000} 1 pl water droplet 4
@ - « - ~7 cm distance
Hﬁ 0 'g 800+ -« - ~5 cm distance 4
hv s Simulation
@ \\ g 600} 4
\ N § 400t . .
8 (threshold)
g £ E 200+ :
5 o
Joo | Ate il -
0 50 100 150 200 250 300
@ Treatment time, t,, (sec)
Water droplet
£ OH COOH oH COOH
OHCOOH — ~a 2 — \ | \ | o»q fOOH Seed coat

AT 2.11 ANRA8ENTEUIUNTNIHENS waziall NEHanaNISIRNANNTDULIUDY

1%

NURA [24]

Tud A.A. 2019 X. Gao wazAme [25] IaldnaraundunaanufuAINuauUsseInIaA

v

LUURWINYINAN YsRwaaiugnaunsugn uagvisaunieun i igldlunisugninessy

ee

s a

Iiuisnmsuiulsasdeiug safuagldiadieng g Tumsnuniitunsdnvinaveamanawn
\Husenissonvedudaiug IneSeuiiisunaves Plasma-activated tab water(TAPW) 38
AMSMSALAAENadLT Plasma activated seed (PAS) Tnan1siSeuliiousnsniseoen
(Germination rates), A3131g483AUNA(Seedling height) Yuidn wia(Dry weight) was
Uiinmunaelsilad wuindewSeuiieunisnnaesis 2 wuu fundudeeianuin fauus
wanuTuInAgT 50% Fadunanan waransildusiuves lelaswuesesnls lunsn
lulasd wagwouluifey lunismviununuda lelastaulesesnlan waglumsniiunuiv

drfylunsiasapaulnvesiuna warlaen sineveseuladas(Radical) vilviaunsnan

¥
LYY o o

yuFuAUT AL A INNITATIN N1SEINNTZUINNT PATW kag PAS fiduvuaile
Weudulewanided lae DBD lifiarsialinnAnausod1dle i PATW uag PAS uilu
I ) [ a (% d' ¥ A & (J
Madennislumsusul I TNERN 1IN TNEAT. AININT 2:12 amdrelaiduwuudinaes
F2UUUSUUTILAA U TIAIRUUSIEIN IALULRNIUYINAY Amaniefenanisldwanaun

TuihvilriinasenislauaaudnIduwm
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1d 3d Sd 9 1d 15d Time
Oscilloscope BENNNNENRRRRENERRRNES

Simulated sunlight

High-voltage

DBD Reactor

A 2.12 andeforduluunastss uuUTuU T anRUENIAANUTTEINALUUALIY

9

P90 ARnileRenanisitnalauluvinlrinasen1saveaantdumn [25]

Tud A.d. 2021 T. Wang uwavame [26] 1ANAaodnauaunanau1dnalnu iy

USTEINA ARN1sAarianlndiues lnevinn1sAneinaveanisiiunidielane Stainless
steel mesh (SSM) fisieasiu sonatau i ududSsuifisunuudl SSM uazlifl ssM lag
MATIERBRTIMIfnEL uarsUsIosiuia Sen1slalld ssM vilisnainisIzge was
mafnoenatunesituiinfigenn dedumsld ssM azdelfannsonsoseyniafiiiuszqlu
wanaweon Wi loseu uay Sidanseu FsneliAnnuiou LLﬁ%ﬂﬁqu@ﬂﬂ%m%ﬂ@huWém

a A

Aaun1sld SSM @eagvinlratuisamivaunszuunsinwizlaiiiasanniiiiieanis

(3

AnU Ao et vuiuimiue Asn i 2.13 nalansinisinavuuuinuiilay (a) l
11SSM (b) & SSM
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) . (b)
o
ooooeoeo %0 O.OO.O.OO
. plasma o' O. 90'3' 0o
X O,,°,.o '9/\ e el L2 D i S 2 stainless
0" 0. 0P o o y OO OROOSONNON .ol mesh

v v
v 2 '|v' | ¥ ¢ £ v >

H,0 H,0 O co Oco OH0 0% 0 O OHO O HO
%0 o - o
To%Y | RRoeTON Y I R

O electrons Qreactive species #fragments
@® ions O volatile products (CO, or H,0)

A 2.13 nalnnsfnene AR uULRLR gL (a) TfissM (b) 31 SSM. [26]

Tud A, 2021 K. Srakaew wazanz [27] lavinisimuidaindanaiaundniuy
Ao dmsuiinsnnssgivlavesudauiealad nuindedayududaiuuianas
sgnsmadudeldnarlumsusulgsenarasndunai 80 Jurdl sadunaainleseu
Sidnasou MAnannsindenihaesauylni siliufaunndudueyyadassidumy OH-
COOH Paelsifiunderuideilfiauanisolunisgaduanudu nqu ANS iy
duusEnauvete s iwTdlunisieia) way ROS Feilunumlumsduduielsadivuideunn
fanndt 2.4 Wusansrsiiumdanuderlaglinanasn @niuunaies (Multihole APPJ)
Ufuugsiamdnuiuealadfinaidie 9 fu udrdnwidnsinisionkazsnsinisle
Kan13AnwINuIInsldnarauleeduean 60 3uril awrsadisdvinsesiusoy
(Sprouts) Tugias 7 Juusn 1dde 10.5% Fauanslyiifiuinudaiuslngldnaraniidouas
nafivszaNamsniaRandals fannd 2,14 aszvaunisminudauioaladmed

ifianatandniuurate giteiunasugiddenadesfiuyuduiauiiianad
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Cold plasma Broccoli seed
treatment (plasma treated)

Contact angle (degree)
(w/Nw) uotsaype Jo NIOA

P Treatment time (s)
[~ |
Induce radical adsorption Increase surface energy

= = < < v v o a <& A a o
AN 2.14 ﬂiS‘U’D‘UﬂWTVﬁ‘VILllaﬂ'Ui’eJﬂIﬂaﬂ’JEJ‘Vi’Jﬂ’]LumWﬁ']ﬁN’]LEWILLUUWaWEJELWEJL‘Wiﬂwaﬂ\‘ﬁ‘u

v
L o A

Bardeaenndesiuyndudamiianas [27]



unil 3

s2dgUATANTRUNI5IRY

3.1 N3ZUIUNTTINUUULAZESI9TZUUNLTEANAEIN

NTASNNAIENINAUAUVTTIINIALUU DBD-like plasma jet Hndnn15vinIuAaIY
AUMNAA@LIWUUDBD LwiﬁmflméﬁsJﬂﬁaﬁ’Uﬁ';ﬁ%ﬁmwmamL%mwgﬁm WIBINULNARIAU

Wnnsdesewiia wiadwiuazidiluinegluninsseninaveniuuiia 9 nuusiansfuazgn

LY

Uedulilvariugién 9 vesununsyateniauazinanseaieseliemuriouia antuuiaos

< o w

gniulvinssanniaviauiianisiiuans WeviinsdewsaiuliihnsguaaduliuusugInas

& v & a A @ a A = o a = a
FUINND LNAIZLANAATUNAIFNIUSAUURI 8N TUTUNTIAVA UFILVD UNANLAL LN

9

<

Juvansunay ibidnaunlnihanudugaiiliuialasundsnuianisuanduas gnudn

Trnsaanududinarau waziauasiimuaaiuls Tuusuiiakas F9azlsenaunie

q

a

ddnnsou levau uaveuyadasziatlmeufisen Wedmarauinaiuuiniiug asiie
mMsUsuUpauRdeinduusnun il Weviinisnsussiulninamnudlugg 50-200 kHz
(2 kW max.) wagrinunauIn sguresnuldwaniugdasilimaiauinsgaeaiuy

s O =

Avesudniugegwhiwavanmuiouavanlioglugae 25-50 asrnwaidea Jaluauide

9
[ '

HagldonnantipnuTudLTnNg 40-60% wsonauTuLAEeISNaU ut My asdunlylu
MSIANETENT Beazvilvinaraudensiishneares O, Os, way OH NIaslirau]isenlunis
oAz A ULUAINAIUTIRT TAETNTEUIUNITIUNITIFY AININT 3.1 WHUNILAR

TUABUNITNU AIALTUAULATINTIUDIFUGALATING

:; SR P dan151i1uTRT Uy
r MBUAATIMIUA ¥ ruansinanadumiawa
> iiidesidudinasien ¥ uan1seen
AMUANTEUIIY B A5195TUUNAENT J) HANITNAADY d9uanis2s
» hduianandun Haszdidai-daiduves
» “uvasinein sguulaenvsay

AN 3.1 WAUNILEASTUNDUNITVINY
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YNNI BT U ITUABUNITHAIUILATBIAULUULAFBUE W B g ldnatau1Au Ay
U358n7A FUusaunisvinaunan o agulaned

AN 3.1 TURBUNITNAULATDIAULUULARDUFINBLABLINANFUIAINUAUUTTIINA

Fupou | Aanssufiendunis

1 AnwrasATeiiiedeasiunnseudselidaay

2 sanLUUTR L dnanaun wasurasdngldmiuadanatauniinnusiu
UIIIIMNA

3 MTIDAATILVALAN BULVDINAALN

4 e UM TUsUUsadnTusfenatanifeulusinsglomleulvitliiosidud
n1599N

5 ALY BA-T8LEEVDITTUULALNINTILIINNTHAILITEUUINNNTNAADY

Tnglusideilunuideilaldaouiinmesyigeaniuuimeaiianinwuudiass
(Model) Inglglusunsy Solid Work @sanunsaiuuunldesnwuubituuunlunieusuls
Tunenaald Ingsuiuuvestudaunigninuiusznausudussuu Jauusznaun1svinauds

AN 3.2

Fsouvwors?| AD-m-E@-&- [0 BEe- oo

" Settings | D Ca
- v ™
- ; &
v @
: : )
[ : =
' ]
S @ 4 i
S @2 %
H
84
a4
@4
99
a4
Ci
0@ 4
84
' § a4
+ 9 a4
¥ @4
[ 4 a4
¥ @
¥ 87
N 1 b @ A
¥ a8z
'Y 08
S 4 - Wi
B 4 a4
' ¥ @/
B @4
' § a4
i @
(2 | - W
; 5
'8 Sg ¢
& 8

TN Model |
SOUDHORKS Premium [y ——— [
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(b)

M9 3.2 MBENNTITINRBITTUUAILAITBBNALUUNBUNNTATINITY (@) Jamandmiuldlunis

Usgnaududiudidiaeiu (b) Wunmaleussmaagugudihunyseneu

v

Tun1seBNLUUTEUUNUSENBUN BT UFIUIIUIULINAN BN LUSWATUAINSUNIS

sonuuulugluuuvesdudidu 3 ffnaunsaddudnidunnsgiuaiusodilumaun

Us¢nausiunu

i
v

Tnedidiuusznounafny Mg 9 3u lngddienAuuutuaz UsuonMEnInsvingu
VDIFUIIULUS AININA 3.3
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Adjusting knob

High voltage connector (RF Power input)

Gas inlet connector

Linear guide

Gas diffuser (Acrylic)
Power electrode (Aluminum)

Seed holder (Glass)

Grounding electrode (Aluminum)
Spindle adjust speed

el' I3 CY o a d' Y aa Y 2
A9 3.3 BeAUsENEUTITRALTANAATIANALUTIENALUIWUL 3 17 fmienisld
TUsunsy Solid Work

" Adjusting knob 1@ wiuuSuszauamgwestamaslniilagnisvau 1 seuazla

£
< o o

JEEENN 1 mm Bsrnuastuiuduseulumayuiomssesviugauls
= High voltage connector (RF Power input) tJudeseivinaulalusasninug 0-2
a < a 1 ) =
GHz uazlaBanvsnLsRUsITIUINNNEIEe 10 KV .
" Gas inlet connector MamsudtwAanaoInIsrlutslusinlananaun

. . < dl' o [y A ] Ay v [ o a
®_Linear guide L‘U‘lﬁ']\‘lLﬁE’]uaW‘Vﬁ‘Uﬂ’]iLﬂﬁE]u‘Vl‘Uua\‘i‘Vllﬂigﬂ‘lJLLWNW’WLMUQLWJL?@J@

" (Acrylic) WWuurwimsudaelumuaumsivaveswialinsgaeaineue

' v
a £

" Power electrode (Aluminum) Tifdeinatnesgiiilonngnindusiuasiangslv
6y 1 v Y 1 P ] a 1 a ) [~
whaanunsaruluTI a1 uwiansa 4 widsnaulatgastyuradulaisunay
dl‘ a v o v v d' 1 a 1 d! a
mmm'mLﬁumauwulvdﬁwqqmﬂuLmamgﬂﬂaaamqgmmmiﬂizmaﬂawawam%mmm’i

LY} <
LONA LU UNAEUN
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" Seed holder (Glass) Wuanuiidlinuudaiuglaedanduuiiduduauiuny

WU uN15815N5ENINTINIAILAZTINT 1A

[
=

"  Grounding electrode (Aluminum) 93n3130W191nerailldeugninTugunss

naudfiiaBeusessuaunudaiuguazas el iaegsimuuy

Y

" Spindle adjust speed \Junnunyuiiansausuanusildlaenisaodniuaiviles
waLn3 (Stepper motor) Ma150AUANLEITUYIN 0-100 RPM Fevinliidans1isuas

PUMIEaRUSaINTaAIUANAIEITEUN IYUlA

ANNUUNINITTIADINIT MRV ILAANIURINAIFUNONAFDUNITVIIUU Y

AouRimasAelUswnsy Solid work flow simulation ABUN1TA$19959 FuduN15318099

mmL%::suaaLLﬁ”am%ﬂauﬁluamugmﬂgmaLLﬁ"a ToelUswnsuazkanabunltuAuS A LEY

wed AhRuwuenunialiainign wazlaszavdouiaduduny Jauanseusuiaden

2 U

gangn lngushnanilanudiAgaanineiuas

1.000
0.929
0.857
0.786
0714
0.643

- 0.571
Argon inlet) (1 LPM) || o:u
0429
0.357
0.286
0.214
0.143
0.071
0

Welocity [rrg]

Gas chamber

Flow Trajectaties 1

Nozzle

N9 3.4 F1asanuSwedaarsnounlualuianaladun

" Argon inlet L ud1uNdnassdnsinislua 1 lpm vesuiaensnoulddinsu
WanAalugsluimiianaisn
. =~ v s a  w a v v
" Gas diffuser Waufigansnougnifiudiuiluaziianisnssanefinaisenniy

Yaunf1uand 3 199 W1 lUSusauniseanilausatuiauiuwia (Gas
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(%
LYY [ 1 [

chamber) Aifafuiamaiifisnzaasnudsludaiodaufa (Nozzle) fuans
moly

" Nozzle yiodnuAaazviminiidndoudalssgavarsfuansiifauslain
slfufainmsuandsluiumisilvangandned sevlfAnnisnssas

mvesmaaunlvinsoumguusIndmsuldnu

dlelduuuiaesainaeufiowesuds tsaiuisavlduuusiaesilaud
nsrurunsulaIsiendesnaufinmesfivaslunisudn (Computer Aided Manufacturing:
CAM) letelunnsains G-code Fafumisuvasuuiaediidudayasiavdmiuaiuay
Lﬂ%ﬁﬂiﬁﬁmsmuauhaizuw?hl,a‘u (Computer Numerical Control: CNC) w3efidoy
Fon1 Fesiiud (CNC) lun1sintusududiu Tnglideya Modeling sudaudu G-code

Tngdednslusunsunlanansianing 3.5 n1slalusunsy Aspire 4.0 dmsun15a519 G-code

e " Vs U8 - 30 View]
Fie E6% Model Toolpaths View Gadgets Help
Drawing * YSUB 3D View
File Operations
1
hiho o
2D View Control
PPLPLEEH

G Layer | roruaT =

Create Vectors
Celd o%

TR Y

T T Re 0 o

\ L

Tramsform Objects

P = = B O PR o
E6it Objects

B Qe R B9 2% 4
& e e B
<V

. 7 Toolpath List L

7| L4 Profile 2
Offset. Array and Nest 71 L4 Profile 3

0 of BB &

| Drawing Modeting /30 Clipert /Layers 71 Show 20 previews ! Solid a
Ready XE382750 V: 137250 Z: 00000

A 3.5 naslalusinsu Aspire 4.0 @15un15a319 G-code

Wola G-code WOAIUANLATEIINITHAD WU MY ULATDY CNC MIUN WA 3.8

' (%
a a

a vy v & o A4 A A o Yy o
LN® am%uﬂmi‘vmmmgﬂmaﬂ 90137 LLHUYN Lﬂi@ﬂu@mﬁquqﬁﬂaiqﬂlﬂ@@QNV‘W?W@JLLNUEJW%Q

1 a LY ) LY v = ¥ = < P 1% o & c{'
WURLINY UBNAINUULUNITAR NS0T AILASBIADINAIINLTLSS Lwaiﬁlmaammumw

[ va o

UNNEBIAULUY 100% Iu\‘i’m’J‘-ﬂ‘c’Ju&d'ﬁ]EJIG]V]'Iﬂ'W'iWGNU"]Lﬂ'ﬁ@QﬂWULE]U‘ZI Yuanldauesdadu

[y o

A3ReRTNUTAR 3 wnuUUAalAE (3 Axis CNC Milling Machine) dwius1u 2D w3e 3D

Y

€

anusadalukuinny XYz lageaniis 4000x7000x1000 Hadiuns a1115ainiaqla

q
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wanvate laun Janvisusuu (Model) Tnu wanafin exa3da lanzesu \udu nieu

TUswns CAD/CAM @5SU0NLUU kA uliaSeInm ¥sanngd@anvuaTuaNLLUy

l.--—"'"

d' < v A g ad v X
AINN 3.6 LATDINAYLDUANATIIVULDS

3.2 NMsnaIIAasang W@ s unanaun

wndssglnanuiingdmsuhiidanatasniinnufuussennia daldthisesendn-
U3ndnounesmesinUszyndldlumsiauiunasingluiaruiing iesaniidelansiud
usIfuRnAsaL BN TaImesunr i nssuatiey WelfiguiunssduBunn waz e
Tun1sannavesawbiguuinsvesr Sndutimdnditinduld Lagannsausuniaiud

wlakundimanzauneanvazagvesn sesalnihuasusnuliianliamaslniendne

GG
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Bipolar DC MOSFET high frequency
power supply gate driver transformer

+100V

isolated
pulse signal

DC generator G,"l |
L

G,

atmospheric

e plasma source

transformer

air core
inductor

isolated
pulse signal LO

-100V l

d‘ 1 1 o U d‘ o/
QNN 3.7 VL@E]SLLﬂ’illLL‘M@\?“\]’]UIWWWLLiﬂQQﬂ’]VﬁUWﬁ’]ﬁiﬂﬁ/lﬂ’]’mmu‘l_]’iiﬂ’]ﬂ’]ﬁ

Tnelunifedlfldnouinmestisesnuuuasas Inglilusunsu Proteus Taeddeusty
77 Labcenter Electronics Proteus #48151509180901591141498 93995818 nnsefindld
MaNMAFUUY U ULoULIaDN (Analog) wazAdnoa (Digital) wazdanu1sABENLUY
9ONWUUAYITARUN Printed Circuit Board (PCB) ladnaieniniitelnnainaiuisauily
v3eUiuussluaendsld lnsamnsadenldusuivasuisasdidnnsednd uazgunsald
Aeadedldagrmanuarsnuaiufesms aneufanaiafidusunsiedednaasdniid
annsgdeingdmsunisuaaesiitideriamansld garuvedlususnufosiuisanua zain
WigeanuuvaunsanTvaeuanugnaesiunisitnurenastanmelulusunsy feunisaie
3993939 WY JULUUNISAB393T 1159190 NL99899UN 50l 1UD3U8 13997738 Integrated
circuit (IC) n5uanas (Transistor) lalen (Diode) fiamruniu #aAuUszy (Capacitor)
fawdeanh (inductor) dewseuvasgunsaididedufiuisnsdidonseting defiefiugiu
Tuasasitsausaulilu Pick device uay Device libraries fawulusmiddsildvianisesnuuy
anBaniasdnnane (Switching power stpply) dwsudsidslnihfiannsausuausasiu

Talaeilunui92995 (Schematic capture) A3 AN 3.8 LHUNII9ITUNAITINNTZUANT

AnTamnesdunats (0-200 V, 10A)

____________
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SW+1000-100
me. SW +100 0 -100 Varal pdspr|
B SZ S 10 0 30

vl

shaozi ]

P bl m B COMPONENT 2. NonesS, Nambes), TypesPS w200y 200

AN 3.8 bHUEI9TaI NS ELanSs ERTRNISTNNANY (0-200 V, 10A)

%QLi’]Q%Lﬁuiéj’NLi?ﬁ?lﬂiﬂﬁ’]‘ﬁﬁﬂLLaSﬂWi’JWQLLE\IucLU’Nﬂiﬁﬂ’J’]QJﬁSG‘l’J nlun15g1e

Fuvitls wsaUsuiUSsulsensaandwiniy waslusunsuddindesiloatiounsidmsu
faariug1ulildau wu seadalaalay (Osclloscope) T1adfiina$ (Volt meter)
woutfies (Amp meten) udu Woldununimisasudlaslusunsuannaudamnduay
29sdmiui PCB Tngmisivuanisneunisgunsal uagnisi@onansdanind 3.9 a1

HsiiniuaIelvinseuanse @ndariesdnwaneuseiu 0-200 V nseuagedn 10 A

W D= @ Do~ E TR M4 R R R A £ ETHTS)| & 5 | E

AN 3.9 A9 RUNLNAI S INNTELARTI AIPTIUNINDITNNANLITINU 0-200 V NS

d9gn 10 A
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[%
Y

JupauRBNIaIs198NKUUa18TRNTES awd lUsuAsHA I TauanslugULuY
3 §If NALINADLAZLANININALDUTIVUIN TAe518a2LD8ATLAAIILNIIDUYDIT VLAY
ANIIUVDILHY PCB ADUAS1995909 AN 3.10 N NaNasd 3 07 vaswnasanslunssuanss

WUUAINTINIDSTNNANE

PREAO ETasm ME

AN 3.10 NMNT1E049 3 TR VoA NN TERERSILUUAIRTININDSTNNAY

3.2.1 uraselinsenansy

wradsrelnnszuanse (Direct current : DOJugunsalfudasinannssuaadu

o

a

(Alternating current : AC) Tilula DC lddmsuanglnlidugunsalluiluazdidnnseling

4

wnaagagln DC InaegUuuudasunnienuly Wy dide Ussansain vu1n wasduvu

Tuegiuarmmuizanluivianizn1s amasadiwunnisiiauladu 2 nua fe

a 1

wnasdrelrliuudaduy (linean) waglnunadng (switch-mode) #sagUsdnan1mu1nningdn
< A a o L 66 2/ v o v A v @ = a a

Wunfeudviunisdszgndldnuinaeinismdede aunaingsinsa wazisgansnimlag
gUnIalma1tllevIN1sUsE N UIWBNAADUNISYINIY AIAINT 3.11 FIazUanIgULUUYeS

FUINUITIVDIAINTUNLIDITNNAIY 220V 10A



C Ne—
Heatsink

AC Soft start
circuit

High frequency
transformer
260 V 60 kHz
(4kWmax)

Voltage and
¢ current display

+115 GND -115
] 10A

g S~

11/05/64 Switch mode power supply (SMPS) EGAT & MSU (v.2)

NN 3.11 EIATUNINDSTNNANLTIAU 220V NTWE 10A
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Tunuidedlavinniswaiwiunasareluuanss (DC generator) LUUEINTUNIIDS

= L3 % dy
199AUsENBUASL

dnmane (Switching power supply) fianunsausuAusaiulalugie 0-230V aanamd 3.11

1 ureszUIeANSou (Heatsink) dwsuszuieausewinvigunsaivanilauseu

TalAnn19 389899 1NANNSAUAS ALNINGNNS M9

a9 1 lnleawuuiludiigy (Fast recovery diodes) wasuaainanfigs (Power-MOSFET)

2 99959aNAan15VLMas (AC Soft start circuit) Wiatasfulnnsganszsnvazia

wseaintesiuleasidene

3 nsUSuussFulii (Adjust voltage) Tapnisusu fanletda (Duty cycle) ludas

0-50% AIUAYINUNA 60 kHz vilidunannsehawazissnulniedyla

4 viiipwlatnnudgs WAMuUAAURYIeIuN 60 kHz lagldunuunumleslsvisu

EE70B sassumasluiigaanls 4 kw

5 T lalonluunusiLSueas DSEI120-12A waz Uaaninduuas IRFP460
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3.2.2 duitindyyia

v '
ISR ]

Tun1sideddrunsniivianisAsunasaialnnszuansa(DC generator) d1115UAE
dndlaifinfianansaususlalugag 0-200 V nszuagadn 10 Atiledaindsliueain (Metal-
oxide—serniconductor field-effect transistor: MOSFET) 2 §adaidudrsvenarasdenaly
JULUUIAT9AT19U 92995818 -UTAT Fausausupudlaeinieesadadyayiaiad
(Pulse signal generator) #l#lugadidnnsodind 1R2153(S) ialiiluduruindygn

<

(MOSFET gate driver) mun1wd 3.12 21wl (n) n1956919331U9a 1R2153(S) (1) nT1luans

[ [

AegunIaliasuaiuaAUdkazIUIAdy I IMYIeen (N) @msuasedyaiuiad
laganunsanmuariANivesdy s (fo) mensimuamadiudsenau As damunu (Ry)
v & = Y v fu v & a o [y a N @ 1
wazANNUIUTEY (C) FIUANMNENNUSAUAUNUAUANUSAUAINND AIUATNY (V) LU
3a15aUTUANNALAINNSUSUAIALANUNIUKS oA1ANUTEY WnnldAIAIugAT
waldsdumulsualanazyilisraunsausuauedld Jeezdulselumidmsuuium
Aanudstowuud lunsainlvandnisidsusd aaieliladrmaslaiednaigwasla
Andlnifings Feagluyae 1-20kV wagadmalugag 50-200 kHz Jseslavdauuaunuines
lsvgadundendasdmsunuamudgasesenliindundeutainiudgs (higsh frequency
13 | YY) a o . . = < [l
transformer) Ingensnnsoaunsuiudiumieatiunuainia (Air core inductor) @adudiu
lunisasalufiiusegenseuaaau (AC High voltage) dmfuiadnlianalauifnaiiudy

U338 (Atmospheric pressure plasma source)

IR2153(S)
VW MAX
L vCcC VB % )
il
ak
HO
= ~—
RT Vs I [ veo v 2]
. [2]Rr HO [ 7]
o 30 Cer vs €]
cT LO
ol J L E coM Lo E
Shutdown COM
I

(n)



IR2153 RT vs Frequency
1000000 e —
% : =
b I, N
e l R
=] =
100000 = IAn: SN
T
= | j‘%
~
T 10000 —e—330pf k‘% ‘HF\
B —m—470pF |
2 i - 2 H
:-; ——1F  — CT Values le " ;
i« 1000 ——2.20F < = E5
——4.7nF
—e— 10nF 5
100 = VIR
.y
10
10 100 1000 10000 100000 1000000
RT (ohms)
()
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A9 3.12 29 (n) N15HI9RsIRa IR2153(S) (1) nsnuansiaaunTaliasuiaivun

AMNALAZIUIAFYYIUUIDBN



37

3.2.3 velowUaswnuinaslsy

ifeuUaadugunsaldeirumasliin aandsvnainugunfilileunaiayfond
H1un1siUBsunlaandndudmdnluwnundoudas niowUaiunumdnnouausns
WasuwUaaldndlugu 100 Hz Tuvauziindioulaneslsinevauadlugiu > 1 kHz Aud
voen1swasunlamandulminluwnuniewlandusuwusddydusuusniifeafionsaun
Tunseonuuuniisulas
fiorsanileddumdalai p, fdwinunsieuvasgauadludiluan a1n

Andluih v, uagnszualndin 1, vewwnaaymgl
P, =V,l, (3.1)

Andlui v, venaiviniidnuiy N, vn gnimilentinaanmsasuulaininudy

@ ] Aad ad v oo
awuuiman B luwnundioudasniinuiviisn A

V, =N, %{*) (3.2)
ffmualirudnauusivan B Tuknundoudas filaddudu
B(t) = B, sin(2r ft) (3.3)
ety
V, =N,AB,27 f cos(2r ft) (3.4)

Tugaenseualiiin iy flvanwvaaianfsgiuazlvan duiusiunseua || veq

YAIAUFUYNIIWIY N, A FD

o
LY

Aetiuiaslniin. p, Nawiunliauvatnaualudslvanisfiarsanndaunis
P, = N,I,B,A 27 f cos(2r ft) (3.6)

o a1 |

NT MAWARI P, slouiniidawny A @uavdoua)

P
2« f (3.7)
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INAUNNTINAY DATIVBINAINAIHIUADVUINNLBUAT (RIRITUNINNUNATGA

wnu A) danuduiuslagaseiuanud £ dedunslindeudvaueslsvinanudgeas

Y [ =

aunsavanvunuazimvitinue sunaselwlaegdlidudfgy Weiisuiunislandeulas
< a o
LAULAANAIDAN

wanNMIa UGl wliswlasdwihmdnusumdndlninaudgugdl v, 1

Y
a a

Judndlihammend v, fessivgunsvinuveddnan dndliihiveaianfenll v

Y 2
fauduiuslagnsaiudndnuaataugund v, awaunis V= (NN, Wie N, uag N,

Ao IuuYaaInUguLuaRginuaau

a (3

IUAEIUTHYE N, AalaaInaunis

Y

Up

N, ~v— P
27 1By Ay (3.8)

AvuaAIRIwU TR Tesiuau TR wazgavinnudfyvesnundanUasiall

a

A 10 kHz fndusugiiaean (U ) 120 V iudinidauny (A) 535x10° m? uazainy

Y

UunEnguiivingaan (By) 0.250 T amasar1winidwiuvnadalgugd N, lauseuna

Y 9

a

14 spudmndunmuadndyAeniiaan laglden 3000 V anansamuins SuuvaaInyfend

U 9

&

N, lauszuned 350 sou
nsieveonuuuunasselilildniuniudesnisiiefvsivunguantives

wanasndudilden iesmnndanuililunsganarauasgninuslasanizuuulaundn

(Dynamic state) vosanusnandin Jsazldsunansenulaensiannuseiuluin nszuali

WALAINAUYBILAE 29LUEIUNTAIATIEIRENUUUDATE L9
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3.3 NAFIUNITTNINUVDITZUUNANENN

(%
[ v YV %

ludunaun1sganataninaauusseInatunsliduiansunanlunisganataun
finflonlvuAaansnaunsanfasidendadutodie waluauddedniswmulssuunauis
= Y & Ao ' s a A o A
donldwAaniaaunann Wy 81500 99081 U TUlATIU KAZDINA TUVULALAAN

NnUHATeN (Active gases) asanluaimadsenaumelulasiau 9andau wagleun Ndle

'
a1

wandudazlouyadaseiedhlunisiiaufisendudiuaunn Judududeniimunzay
dmsuldlunisganaraunanusuusseniaiion1susuasunuialaeiiaunsaivdnsiadl

3.3.1 Janaunsal

1. gunseiusEnounaIau

2. dawAa oréneu eondiau lulnsiu uaverna duduufainsngnavnssy s
ENLsRaINSaNNAIUA-Un

3. unasaelninadingtag 50-200 kHz 200 W

4. dostalvlusaiugs

5. ipsariadnsnisinavewia

6. oodadaladlal (Oscilloscope)

7. awnlnsfiwes (Spectrometer)

8. mouwmes (Computer)

9. Twsuinnsezua (Current probe)

10. Tnsudnuseau (Voltage probe)
3.3.2 I5n130AEOU

Buanidouseufatazszuuliidnssuunaramdilévinisesnuuy Ysusasinsiva
Yaeuianavinisusudngluiiduliusrdanataun wdwinistuiinnamewmsediets
Snsmslravesida nszudlnih wsssulnila ueraUnnsuvosuasiituadseanunainnaiaun
Fawansmunnd 3.13 sadulaezunsinsvageunisieuresisidanaiaun wavinnis

U = U dl
VUNANANITNAADIAIAINN 3.14



-/ Adjusting knob

LR R R R R ) Seed

holder

Power output Gas inlet
[ | '_ [ |
!!!!!!!!ED//////

Rotation speed control

(0-100 RPM)
Rotation direction
(left or right)
Mass flow control
(0-10 LPM)
Adjust Power Adjust frequency
(0-200 W) (50-200 kHz)

AN 3.13 UanseIAUTENaUTBNTEUUNAFRUNSYINUALEANaENL AN

UIIYINTA

AN 3.14 ANE8LATE9HBIAYBISEUUTINLTANaNaNN TunSUUNNNanN1sMaaad

40
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Tudumeunisneasuiigunsaiviewniesiiefidrdey 8 dau & SsflsewaziBoanes
osilofldurdzau dail

@ soadalaslay ¥ TuiinussfunaynszualuinAfinnuasuuvainunag
FevoadalaalavaiuisafaauazduindeyalieviumdennswiileTe uiiiey
MaAsunlagigndosnazusiue

@ geaturavlasi Weidutegaildannsinfiedlvinssidesioinios
AU INDS

® shanudananaunlaeiitdanaiaunwuu DBD like plasma jet siafuanewiad
iupdesindnsnisiva wazdaliihaeundsinglianuiivefifasainsuianszua uas
wsesiuly

@ Wsudanszua Hdmsuiiudeyansuaiiviliifanaamiitoulusiisiu

® Wsutaussiu MdwsufivioyaussiuiviliiRanaramnitoulusisiu

® dauFuanuwenes lidmiuusumniiseunsmyuiielinaanannaig
rualdwdanugldegaii

@ yanruausasimsiva GseansamunuuazsuAdanmsinavesiaeiineu
Tut29929 0-10 (pm

widssglwanuding annsauiunimdlalurag 50-500 kHz 91edslalin

aeanln 2 kw

E9MINISNAFUNITVINIUVBIFINAIEUY wazUSUDRIINISaveaLidaalsnau

°o w | ! ® v sy o Yl v ] !
gl wagszesreseninwdniusiuinataulvilnnumuizauus ludunsussly

Aan1suaianataualyusudsuudaiug laelddnsinisinavesuiasisnen 0.5 lpm

maslninede 1 kw arudunasnelnihnssuaadu 75 kHz Fadumiidmaiaunfinegns
auane weaunsainlddmsuusulsnannugimezarelasUsznaumediud1fny 3 diu

ANUUNLAY 1 2 WaY 3 TUNINT 3.15 fadl



a2

ANA 3.15 AW VUENAFDUNITYINIUTBIINLEANA AL

YUENAFBUNTYINNUYsIALlanataulgunsaivIeiaTeiloNidfny 3 du Fadl

¥ 4
A v A

JwazdenvauaToilelturasiu Al
Odmaneun dail Ao dnanaanfifanvazudundaadiuuinwaniug
=3 v & @ [ = [ ! 3 v ¢
@ uwidaiug \Juwdatmzanelas Feussgogluannldwbniug

o’ Yo w - A a A 9 va o TR
Oanldwan lddmsuldwaniugurazyia tieliAnnsusuljeganiuaznss

pdlAudIFysianITIen

o

Gas inlet connector

Gas spreader Power input connector

Plasma plume Power electrode

Seed \'..".""'."' Petri dish

I

Sliding bar

Dish holder
——Rotating motor

AT 3.16 WUUTITUUNATENN DBD like plasma jet dmsuliuusauaniug
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N7 3.16 LUUTIITEUUNAIENT DBD like plasma jet d1msunisusulsaan

Ly

wg ansnglumsinulagssnudl Wesvinisineuiadnlunelauiasvgnnszaie

(%
= =

W tunsyneuianeufagineasuintimasdslisunalduniuaugnals 5 mm wazdiu

o '
v =2

Uaeiivun 1 mm Weufalvarudiutanstimasdelimuduresauulings aevinli

[ [

widlasundsaunsgiunazazaundnuausiananisuandududmaaunaddwdaniu

>Na,

1 d' [

Negauasiidaui Fuluiaglndidnnsnsesveglaeazineguudingangaiuwnu
sl 1% a a R o &
Yosuaineinannsavuld lnelsuazideaveudazdiusiail

1. UNde (Petri dish) Jugiuiivihainuialmsa (Pyrex glass) vinutnmdudu

v

awdu (Dielectric) waziluaaldwdniug FeanusoaiuiugIusesnmzdela

[
[ o

NOR @1U150UBINUNNTNSA (Arc) SERINTINAILALTINTIIN

2. §IUTBINUNIED (Dish holder) Fudruliiusuainupuorgiluinsa 6061

U 2

anansaanudnfuTuneEeldned viwindidudanaag

3. uewasnuTuY (Rotating motor) anansnUiuanuiEiseuld yildudniug
nIgANEfLar QNS TANTRNATY

4. unudaianataun (Sliding bar) ﬁﬂwﬁwﬁ%ﬁawmamLLazaﬁmsaU%’Ummqqﬁ’]
Tnensidoutuaslddudnivanuiuergiifon (Aluminum) gnianeduslif
anusaaudniuemaou fudnsesdud 1 ldwed dansndasgnidensend
funsdveaunasenglilaaaiiing

5. d@aubndaliifl (Electrode holder) dudrutivhainuiuogaian vhmiiduries
Y3IUALNIEIBUTA (Gas spreader) ingufauasialvihegisasinnane figdwiu

fovowNan1snaulll (Gas inlet connector) wazLdusdntasalnign (Power

input connector)

[% [
U =

84 (Power electrode) FudiuiiiuzuaniHuszgltunsn 6061 it

(%
(Y

6. 9
Judimae uagiluiinudinaitau (Plasma plume) gnesnuuulvidusly

bbUIBT

NNRRNLUUTUAIUAIEABNNILMD T I sAUSUUTITURUULAZ AN YEN 5919

09T UAIUL DU 1NABAARDINY LALAINITOLENTUAIUNTBYINN1SUSENBUINY InNU



aq

%’aumNﬁaa%qmmiauaﬂuyuuaﬂléfﬁauﬁﬁ WazNINAAYI1S (Cross-sectional) ﬁLLamgmuaa
meluresuuusiasmanaunfiiisneaznisdassiiinnududouninls Tnefinisivus
FUIALATFUNLT Id o sutu T uLATaAsaLAsuIYaslE LA uE NS Setunisld
Aoufinnes Weniseonuuuiuduniedleatelmifldsuanudondmsuldsiuioainy
avpanlun159onNLUY wardsansaldnndilsionsinaueniodeasiraududilolalng

Taian L‘“ﬂué’faﬁugﬂ%umuﬁq
3.4 N159UINYNANFNN

3.4.1 N15AAasl A AT lanaaL

a

Fideuldlunsuianamdslniiededldganatann Ao naguszning
sl dunszualnih arndenunaynsulassidnudinee (nstantaneous power)
wazhdanuaas Masnudinue p(t) fgadusmesunsalifunaguussussiudinas v(t)
finneseugunsalfiunszualnihdanne i (t) Alvasiugunsaliuuunadsl (Passive) aglein

)
p(t) = v(1)i(t) (59)

o |

IﬂEJ€JJ\‘1Lﬁuwﬁﬂfl’mﬁaﬂﬂimﬂlﬂﬂﬂ‘ﬂU@@L’Jaﬂ nIo3enINNaeTIRuznile duutedu

U

[y

it (Watts) Wofiansunsasignnszdusedyanauguleddiliuseiusasnszualniuu
v(t) =V, cos(wt+86,) (3.10a)

i(t)

oV, waz 1 \Duwundedn g, 0 Wuyuia (Phase) 0L ULAZNTZLE

+Cos(wt+8) (3.10b)

Iihdstufidsnudinuzine
p(t) = VI, cos(wt+8,)cos(wt+6) (3.11)
IngUaunisiaeldionanualnslnuiiled

p(t) = %lem[cos(ev—¢9i)cos(2a)t+Hv+6’i)] (3.12)
91n@3IA15 (3.12) Wuaunsiduiidusined sazdrufivuiunaidaduieidy

Taletl duiidetlumanaievsdnnduaudidoanniidwiadnuinuazausamiadeulsin
= v, 6, (3.13)
p(t) - E m mCOS( v_Hi) .

NNy Masnuagluminging Asn150agYINIa3UTIAME U IUTIAIULIAN
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_ 1
P= —|p(t)dt
T!D() (3.14)
wnuauns (3.13) Tu (3.14) aglain
o Ly cos(é) —e)ijdt
2 m"m Vv | T 0 (3.15)
P = Vil 050, ~0) (3.16)

<

\Wowandn cos(f, —6,) =cos(6,—6,) ajulaindriundrfyIndunasiiavasy

Y o w

i (Phase angle) sevingussnuiunszlalilin lngluanuuuaudIumu R sgaguidy
suagnasanal luausdilvanuuuiuendinl (Reactive) (L w3e ) zinisgaduiadedy
qu SaiunslinAnesdusyaviuna (rms Value or Effective Value) Tneifiun1sinfaa
U lnana g U uIr UIUeniama Wuassiivh i Aanataun Feinnumunzanly
NITIATIERAT NS IF UM UGG V2() waznszuaunusiei’(t) Feddaniaadenisld

seadaladlal Mntuihteyailiulesierinmammasuaaelunieindnuaunis

Vo = 3] 2(t)dt

rms -I-0 (3.178)
lT

| = [=]i*(t)dt

. Tl () (3.17b)

Ffusansaidanuadsfddlufvanluasas aduiiaougai Joulddu
P=V cos(0, =6) =V. I cos(®) (3.18)

(833910 cos(@, —0O,) = Ccos(P) Aadnirdruvadnaadenanidilsing

rms I ms

(Apparent power) #39#81L38NI1AI1UTZNBUNIAY (Power factor : PF) nN19W 2715841

o w

maslninluseasnszuaadulaanaumasuntds (Power triangle) Fauantguaiumasyy

a

INNLEAIAIUFUNUS T2 1191890 1HI9T9 (Real power) AaslinIuaniin (Reactive

(% & A

power) U14A5958A27 Mae i wuv i ing Ao wassuildluasasiiiinssuaadunluls
auidudsglevile 9 wilinaegisuindenisiudewa (Phase shift) senineguaiu

LssuLaznIzLa wazideusing Wuraguainnszuanazussiudadndaedu 1ad -

'
Yo

wauwds (vA) Wuiidndumildinlundsnuimulidn WewiniAondsnunmunililag

995U INE USRIz TenI1NIN dIundeanuiiliass (Real power) Faluiigs
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URAYVDIANUA UM UL ULR BN UAUNTEAT NS LA lWa s AN I UAIA UYL 15181075

ATUNAAINULUUAN 9 IARININ 3.17 Uaz 3.18

Reactive Power
Q =VIsn@®

Real Power, P = VIcos(d)

t-:l' L a o v
AN 3.17 ANUFNNUTUDIAHLNALUNTAN

o w

o P Aemdaliihaseivianudadudeg (Watts, W)

Q AemdslniSuenfindnureTaduliani-uonuussuaniia (Volt-amperes

reactive, Var)
S ﬁaﬁwé’ﬂw%ﬁﬂimgﬁwmsﬁmfﬂu Tad-uauuus (Volt-amperes, VA)

O foyadussm BaguadowialugwinlamasiilSueniniazdwniy

1%
(-7

NT1UU

= = [ v 6

FaANUFUNUSNUIVIANATEAINAINATUNU SUBNLAUS WagdUNLAUGEILNTA

WARILARENIS AR LU DUN LAUTA ITLER

24 =X (Y
_R
Reactance,x  Costh==
. X
. sn@®= —
X=Zsin§) ' z
L tan@d= %
Resistance R R=2 cos(®)

AT 3.18 ANMUFURUGNILIVIAUATLIINAIUFTUITY SUONLALS LagdUNLALD

ToeBuNLAUS FUTUNATININADTVBIAIUAIUNULAETLONLAUS LNgLATULIA

a

(2) undadlyavla (D) FauanitanIUUANAYUNATENINAIAIIUAIUNIULALATIEN

waud lngguanumaeuaziufsususiadeninnisdguilasvasaisuenuaud (X) e

Y

AN UAsUlY TneA1AuAIUNIU (R) 9¢AINLELD



ar

3.4.2 NNSILATITINAAUIINANWUENEUNATY

watlansinanesusadldivediasgridunisilavesannuanuvasiidauas
WesnnisUaseaunasuaunsaldiieAnwmauautivewazesdusznauls meni1sin
alna3unauas (Emission spectroscopy) tngldaiuegninau figudsyaaninainnatasn

L a a ¢ A a ¢ a 3 9 v a

wgndsiuasesaunlasinesivedinsiey anlasiivesazinadnuiduveaiivasey
PoNULATIAAIAINIANE1IAAEINYIS 300-1100 nm LieazsEUpIAUTENBUTBMLAATLTAN
wanaudaluaniuzvesaarsiufianateiluleseu WenaraugnnszAulnsunaingany

= 44' v N Y = a A
anusadianugneiulanudgudanslilamaluaufdunsisn uasivdegeeninanase
IWiitevdayainenivaungil warasAUsznauramala) naanlunabnnisaieloundsany
LagnsEUIUNITIATuNglunaTaln WenagiinsieinseinuienIsiinvesouyadasei

aansainnTulalunatan @i nunANANNAUUIIEINIA AININT 3.19

Collimeter lense ‘

Plasma

e mas

Po oo eoeeveoeoewe -

- -
Fiber optic UsB V
AwaSoft B
Optical
. Computer

spectrometer

t:l' LY =] LY A a v & [
AN 3.19 ﬂﬂ‘iﬂﬁ')‘\]’)ﬂwa"l’s‘lﬁJiJ’W]ﬂ’J']JJﬂHUiiEI’]ﬂWﬂV]Lﬂﬂ"iﬂﬂﬂ’]iLLG]ﬂG]’JSUENIMLaqaLLﬂﬂLUu

WaAFUN

[
v U a &

Pnamlagmshimdsluinignisnelniinssuaaduussiugaludagadidaningaid

a

23 1 1 o Id a = Aa v = [ [
LmaaqszmwmmLUuusnmmumlﬂﬁmmmqﬂuLaqasuamﬂasmaLaﬂmaumu

& o A A P o a ) |
29AUsENaUILTinsPavauaInsunsas ukUasaud i dawiaasiianisvuiukazanem
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Tuwudulsiduiauddidnaseu (Valence electron) Feildrusinlunisaireiuseini
minlddundsnunseduiinnnnefiagyinaeiiusydiwziAanisuandavedaanaufaliy
DULADATY

wiasdleildlunuafeilsnaiiudeyauamanausadnlnsfinosiing alay
U3H AvaSpec Fu ULSA096CL-EVO awnlnsiitnesanuazidengaiilosninnisly cMos
uwnuinAlulad CCD uuuida Bslvidouandend 4096 finwwa ainlnsdinefivanilldsy
nsUfuussdmsunsidauiiinnuasiBengunizaudenisinguantRvesnanan uay
\audannsonsIadulas (Detector collection lens) Tunas 200 fs 1100 unluwmns Fauas
wgnasruangliuesosuinludsaunsaiiuuas anunsailensofuneniiamesseans USB
Feagihanilagldaonduag Avasoft nesiu 8 lnsnualisiniosasulansmans

5l 3.2 Fegamamailn AvaSpec SuUULS4096CL-EVO

Wavelength range 200-1100 nm

Resolution 0.05-20 nm, depending on configuration
Stray light 0.19-1.0%, depending on grating
Sensitivity in counts/uW per ms 218,000

integration time

Detector CMQOS linear image sensor

Integration time 9 ps-40 sec

Sample speed with on-board averaging | 0.70 ms/scan

Al 3.20 awnlpsiimosinanlae U3 AvaSpec u ULSA096CL-EVO
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15197 3.3 Heuluwazarduusene q Alglunisiivdeya

Aawls Y3
Snuadsiitoyagniivudalansauwuuiads 5
nalunmsifudeyausidzass (ms) 1000
$I9ANEIAAUANY (nm) 200-1100
ANUazLBEngaaatun1ssEYALsiA (nm) 0.3

lagyiIN13033931A5e9iA (Peak identification) Liloseutlinuesatadnaendsanu

|3

sonulagnisiideyalueuiisuiugiudeyassulailuiuled NIST Atomic Spectra
e a %

Database Lines Data HaN15ILASIENAILAUINANADAAADINUAVTEN A NI UDDNUN

Tu3ALE1IRAY 300-1100 nm

ausnaglviinalydiingranuld Feauisaesuislanuannisvesluanduiul
(Boltzmann’s law) lngauvuiniuvesesney N, Nonnseduliegnsedundsu g, ¥

samnliadevedianaseu T awisamlaan

N, = N 9 _gE/kT (3.19)

u(m)

Tnefl Ky Ao Arpsiivedluanduiud

N Ao anuvukiusINveeenouwialunnaniue

9; Ao A niinmeadif (Statistical weight) vesernaungnnszdulegianiug

I Gomlannavmouduluwusu@ausiy Ao 0 =2J; +1 uas

fa o

u(T) fe Asidumsidu (Partition function) NanunsaideuluguvesseAundsany

E, uargaumnlwdeildnsesudianmseu T (Electron excitation temperature) i

U(T)=Zge s (5.20
1
aadufledianasaudinisarendsuainszaundenu | Weghszaundanu i

[

AATUANUNUILUUDEADUNFDARADINUTLAUNSIUIEDY AD

m _ &e—(EJ—Ei)/kBT
N, g

(3.21)
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1A8ANULANFAIIVDITLIUNTINUNDLANAToUUanUa8aanu19LaanAaaInUAIY
811AAUVRNABUNATIITAM (Adstecteg ) 7D

_ he
etected E _ E

] 1

A (3.22)

lusUrasaududuaiunay (Line intensity) 195393nlalliasannisildsuseau
WHLveBanAseuIINTEAUNAIY | lusgsedundsnu i agmlean

N Ee-ej/kg

l. =——0g. A 3.23
ji U (T) g] ji Zji ( )

Tneil A; fie FulsransnisUanudesndsnunuudundu (Einstein coefficients of
spontaneous emission)

gl giteyaalddinmanuaniduaunnfuveanasiivanUdesesnin
Mndiudananauninuuuranssiinusuussenia wuihannsansawuteyaaddd i
Ar 1 Ar Il uag O IV nwidl 3.21 uansiaognansiinysingnisel Spontaneous emission 7ilét

uansn1sUanlasslnmauves Ar Il INNE1IAGY 616.85 nm

Energy (eV)
A
E € j =3s°3p*('D, )4 f
j 2
e Spontaneous emission
E. i =35°3p* (°P)4d

a N LY (Y a s
AN 3.21 WNUAIMLEAIANSIUABUSE A UNRI N WYRIBlanasoul Lz naxeIsneulnuns

Yanuaeslinsufiaaue1aay (Ar )= 616.85 nm
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32.4.3 115918990715 MavaIkAaRIUIRINA AL

nan139aein1sivavesuiar uianalaud nuuuaneg Weneaeunsvinauuy
AU IasieTUsHATY Solid work flow simulation ABUNITa319959F 0T UNTI59180917

A SwedLigensneuiilvaniug 1nnewfiadiuuy 1 3 idvwiadurigudnaisnielu 4

a

mm WwaIN32I18eBNANYBENATVLIAEUEIAUENATS 0.8 mm FIUIUMaIEFTIEAUETS

Y

TnelUshNTUALHANL UL TUAMNEIIEEURAE AURuwuAUSILAalAan wazla

q

sedudauiaduaun JuansanuiuialiAnasign AuansmiunIng 3.22

Gas velocity
(m/s)
1.000
04929
0.857
0.786
0714
0643
0.571
0500
0.429
0357
0.286
0214
0142
0.071
1}

= o < [23 s A LY
AINN 3.22 FapenNuveLiaeNsnountlualuminaiaun

P 9 ' = a A ~ & ¢ | a % a
NN 3.22 A18LEUITUIUBNDINANIINITAADUNVDILAEDSNOU dIUFUIRY
WASALAY LNUANULEIVBILAATIUYI 0-1 Mm/s 21NN1TINABIPEADUNAADSLNDATINABUNS

v
[y

na dudunmmefadinusigs wWuduituoniuiim dadudneaguuuldseavd 73

o o

druddgy 4 dupumneLaYaInu Ao

'
1 a

1. daunhadia @ [Hunaosisessuudaannieuendagd 1 3 nounvznszelUls
duil @

2. deenszarenia @ Juiswdaniidnvaunduies ienszarsausunisluli
arhianounnTy wavdewdasoludusiunszaeufa @

3. wiunszanewha @ [Hurewsadmiunszarsuialudmonunia @ Feazvile

wigausanseaneieganiadiduasiinnuigaving fu
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¥ [ £
a ! o v = I 22

4. vievuuha @ Jududrutamdfivarediuarsasgnindusiiusieuda viali

Y

v
a < o

anusufainnuaiianewiiunng wazieidveanaiauniiatudannvauna

wazyieeani a1 Aunng
3.5 MivagaunsisUa@unsenvastiniuiiinaielas

N139339ABUAMNIMNLEANUIAITN NIV AATUTHAM UL ZduNazi Y
wnzUanlavisalidnduseiinsnsisaeuanutenveundaiug Fandunisasiaaeulmsu

fansisyiulavesdiusing o Nddyanduseuluwaninansaasasyduiuiauysal

Radical
! RO Water

locoollocool .

Control Treatments
. potting soil

ROmCsOxCr [somOnCaCy)

Control Treatments

AN 3.23 LLﬁﬂﬂIﬁLﬁuﬂi%U’JUﬂ’]ﬁJ@\‘iﬂ’ﬁﬂﬂa@\‘iﬂl’m\‘iaﬂﬁﬁﬂLﬁUﬂﬂiﬁULﬂgﬂﬁB\hUﬂ’ﬁﬂ’]ﬁﬂ

MENAIALIRAEAIDENATUAY

° o 1Y @& o &YYo < [ o < o
duutuneun1sUSuUTaaiug ldudaiuginaunatu 99U 30 Waa vins
anaaN LA nyunaldwiniuga e 5 seudeuail lnenisnaasdlagldiaansieiu

Tugiuaan 5 8 90 3uil wavihmsduniaumisudusaudiui 30 waa Welddugeu

o eal

Masgylunal 59w 1USouliisunasennI 19TBIIAAAIUAN LAZINARTLHIUNA AN

3

m&

naunsal

o -

& a 1Y) & o a o % vya o = Y
1. Jaquazidufuvgnasaludaguiiiannnsagadulilad wagsnwianudulila
paoAsEEzIaMAaaU idaasiadnduiiy lhdunsausesiauiniuly winzenaas
I [y 1 ¥ i ¥
Wudunsureanusaule
2. PUWILWIUIN 80 mm dmsulimnziudn asidunuuichUaatniiedeaiulali
Audusyesuiuluwazsiirugmeidusouaza3ydndiuunle

3. WdzeIn NUTIANNEITBUVTInNTallunIY wazila pH 6-7.5
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4. U1nAu YNNI wagnseauannines
5. A309T9RANDA
ASn1snagaunisean

s o

W INTWAAN UGN UTUU SeiEna1auuTAuANUsTENATIReUlIA1N 9 win

9

o
(3 LY a LY o v

dolanidunsinesidudnisienuazdnsinisiiulaveduaniug Stuneu lneasudall

o =3 v & o =3 ' Y 1 Y = 1 a <
1. UNHANNUT ITUIU 30 Wanee 1 MI981NN1TNAaRY 3 9IUWINIALREY 31U 90 LUaA

unudaiugluugluhnauiigamind 40 esrnwadea Wuae 4 99l

N

s Aaa

3. nluhdaiugosnuldluanumiziudasuin 80 mm nlifulgnsesiuegnau

9 Y

Y3195 10 Uadans

4. niulamediaumnzd@eriiedesiunisszmeveninesnangamiziie

a

nduihvuluiesmuauuamazanngll WWunat 5 wdduduiindeya

Y

o

6. MnuuaaiugeenuINYIIZAaR LahnsAwMeNUesEusnTen Ay

A4UN15N 1 A

Germination rate (%) = % x100% .(3.24)
0

el Ng Ao Snuveandaienlutud 5

N, Ao Srunveuudaioun



13199 3.4 M39EBNLUUNMIVAaRINTUSUUTIenanau Tneldufaersnoudunia

fugusie 1neszeriauBaianaan .75 mm ANIMSIUe9IUnYUAdN 5 RPM

mau‘ﬁ Code | AuUs ﬂ’ﬁ%Lﬂi']%ﬁ
Time (s) | Power (W) Flow Germination rate
(lpm) (%)
1 C Constant Constant -
FO 60 30% -
FO.5 0.5
F1 1
2 PL Constant Low (25%) | Optimum
PM 60 Medium (30%) | flow rate
PH Low (35%)
3 15 5 Optimum Optimum
T10 10 power flow rate
T15 15
T20 20
T25 25
T30 30
T6O 60
T90 90

54

U8 Low (25%) Medium (25%) Low (25%) Aaseiun1susuiaguasulnsa (Volume

Control) U84A38INN5INeAaI LN %w%mmﬁqé’ﬂw%Lﬁui'mﬁwgﬂiLﬂiwﬁiumwé’q
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Unines 1. wSguAuUgn(iiviea)
o nEl Ul udngIy 2:1 Wnsed
\n3estsRinea

Wazd WL AN AINUY Y

¥ (
PNUITE |

o % oo 4 2. Fpulanlddninasusuna 20 ndu
Fuhminfinueaninauiuél v

3. thauldumne@eud ninudn s
nagaud sl ivuAuLaUns ilaidn
wiushwliluan nzaumgivies

NaRIATEULNESNWIAILTULAY
PUNYTANMITUNIUIINAEUBN
4. pFUVUsE I URaN 98N

PN ] @& o ¢
ANN 3.24 mumaumsmnaaumwmaﬂsuaqmamwuqﬁmma‘[%



UNN 4

NanN15IgRazN1sanlane

4.1 NANSNAFBUNITNNIRVBIRINLTANAEUN

4.1.1 NANTITNISWAIUIRINLANAIENN

Winianaaun DBD like plasm jet lagnimuduniglauuafanisiiaiuiivesd

o A

waraulagmsiiinduiug lnglunestuliduiugiruamataniesnun 21 § (31w 3

(% '
v o w a

w02, waaag 7 3) lneendenisnnzgdamaiivinainianezalitiudaaes usUliduviedu

PONUNINIAIUES @111505095UM I NUT LN HAN1SEBNLUUTLUUNS ALLAANUS

9

Arnzarelasinaldnatau1 AU uusseInNIa hanalananIng 4.1 hasnanisusenau

= & o s v = Y} Yo PN
igUUmﬁmLﬂJaﬂwu@'ﬁqV]%aqEJIQ?I@EJIEUWﬁWaN']V]ﬂ'J']ﬂJWUUii‘EJ"Iﬂ']ﬂ LLaﬂ\ﬂﬂﬂ\‘iﬂq‘W‘W 4.1 IWEJ

wannu§azanldadluarumnzi@eiviannudalnsng (Pyrex) anumigidessviwmtiniiduduy

q Y

a IS r-:l‘

lpdidne3n dosdiunmsensaszninedamaaazdansna Tenumzieasiaunyuiiaiuse
Usuanuisaseuld viliudaiugindeuniuainaraunlieg1amafy Anudaiugivia

JunsAsetuNatann wazinnsasuwlasdsmilviainuseuinuntuls lunailuniund

4 — Adjusting knob

High voltage connector
(RF Power input)

Sliding bar

Gas inlet
connector

Seed holder
(Glass)

Spindle adjust
speed

AN 4.1 ANEETZUUNIANAIEUINANUAUUTTENEAR a7 LA LazLAaL WA
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dmSuwvasnglnnldganaiaun angdnidelavinnisesnwuunasasauies (In-

house design) lneilsNuaziBuAvRINUINGBIAIUAN AN 4.2 Gail

EZ DBD like plasmjet

Rotating
control
= — =

- )

N v

Frequency l> Gas flow
control control

. Power Display
On-Off = control voltage and current

A9 4.2 NNAIYNEBIAIVANNITUNIUYDITTUUNIANA AN NANAUYTTEINA

" Switch on-off ﬁmﬁwﬁmmﬂw 220 VAC, 50 Hz

= power control vindniauaud sl iligenaiann Fsarursaiiia
mastnfalagaan 2 kw

" Frequency control viuthiimuauand Turas 50-200 kHz Ingusasulu
anansaiiisiligeanda 20 kv

" Gas flow control ¥iwthfinauaNsnsnisinavesuiaersneudiiaiuie
Wanaun B929n15U5U Ao 0-20 lpm @Ersdeund)

= Rotating control ¥mthiimuaueuiSseUNTLTeI Uzl

wanugimeanelas
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4.1.2 nansiamaatnihilglunisgananaun

o
av o

Tusddeiilavinisiuuiindanatguisuunaie sanuiuussenia weldlu
n1sNIaaniug nasAwIanIna bl ndanuwmnigaulunisldauddinnudndu

Wasnnalgmdlndwiiulunataunaisaslifavienaliiafios widldidalnilia g

£
o w = 1

AUl Famanauionaazfeunazdevelddslwi v auagiuegiu vinvouda
Snsnsluaudia Mseenuuutalwihiudanemd duiuisiinsiamadluihildlunisge
wanau WeAnwdnsinislvaveuiaitfinademasiwinildlunisgawaiantegaels
Tasnsinmasliiihilfluniseawarasnvesufaeiinou (Argon) lilevinnisganananiuas

wanananAnegaiesrlawananInieanegElaNenTUYNg AN 4.3

Andrographis paniculata seeds

Al 4.3 pswandivedutaedneulpsldatnianatanifienusuussennensasnig
luaveuid 4 lpm

sunidslid-lumsgemanaun aansildnnmsiauseulnihiinnasoudaladh
waznsugalililifiluadaudalility - Tnsldeoadalaalauuy 2 desdyna §va Agilent
technologies 1 DSO1002A nguaLesANLigsgals 60 MHz Bslivinisedesdayayrai 1
vaigadalaglalidaiuiadnusesiuge (High voltage probe) §va Agilent technologies U
100768 ﬁawmsai’mmﬁuqqqm 4,000 Vs LLamiaaé’igzgmﬁ 2 ADATABLINUIITANTZLLE
wuuueasfives (Clamp meter current) 8%e Pearson u 4100 flanunsnianszuagaaale

500 A §9ANG 4.4
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M9 4.4 nsdnRaaselainmommadlniilunisaanaiaun

Area=1.30195E-5 T = 13.0E-06 1= 3.32E-06 f=70kHz
(@) 144 ‘ FWHNI=6 5046 1E-5 ' (b)" T T . T T T T
6 1.0
44
o~ o El
z ®
(=) =
= CRE 0.0
& =
=9 =
2
= .
=% 05
l < -
44
r 2
-80 -40 20 Ara_a-ﬁg? 20412 20 40 60 -40 30 20 10 T 0 10 0 30 40
( ) ) FWHM=7 46797E-5 ime (us)
¢ d) s T T T T T
50M (d) . Tor T,
b | | 6 “ | -‘ it 1.0
FTE (l ﬂ 44 ’
; ]| [ ' 05
e g 27
& 30M = |
2 S 0 | ! wentl - 0.0
o - | H
> | b=l I
| 2 o
20M B ‘ ” A
=% 4
‘ g, ‘| 05
1M | 6
SN B . (LN
\ U I Yo -8 Ty =0.11647 T z=0.14956s f=37Hz
0 — T T T —— T T T T T 1
-60.0 -40.0 -20.0 0.0 20.0 40.0 60.0 -0.60 -0.40 -0.20 0.00 0.20 0.40 0.60
Time (ps) Time (s)

Al 4.5 wangedAusznaumeliinaLssiukagnssualivi N dsuulasmuiad
yauzganaraundmsuliiiasesimaslni @) mnuildnsinves A0 (0 mudldns
Y83 V(1) (buag (d) wsssusaznszualnihiiudsuulasunaivazganataun (deagu

masliiin 25% Nonsinisivavssuiaensneu 0 lpm)

Discharge Current (A)

Discharge Current (A)
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é’ﬂwmzé’ﬁgzgml,mﬁ'uuazmxLLaIWﬂwaqﬁ’aﬂ"’n,ﬁmwawamwwmagﬁmmﬁu
Us3E1ne wandldsennd 4.5 Fudunsaniivansesduszneunianiiiiousaiuuas
ﬂszLLaIWﬂTﬂ'LﬂéauLLUaQMWNnawmzqmwmamﬁm%’umﬁLﬂiﬂzﬁﬁﬂé’ﬂw%

dioldnaamidaliifiade (Average power, P ) DensInsivaveiaenineu

A9 9 U INFUNIS (3.8a) (3.8b) wa (3.9)

o . T T

Yumaun 1 Areaof v = j Vi(t)dt Laz Areaof iZ:jiz(t)dt ; T = Time of integrate
0 0

|
Area=1.30176E-5
FWHM=6.59461E-5

(A A A B AL W

0 -20 0 20 40 60

[}
Area=1798.896
FWHM=7.46797E-5

. | , :
-60 -40 220 0 20 40 60
Time (us)
el' v 1 o d'q.l 6V & a a
9 4.6 Theaquinaslniin 25% Mgnsinisinavesufidensnet 0 lpm (a) NaBUINTHTN
NUNHNTNAVBINTEREYNTAIEDY i) (D) HABUTLNIHTINULANTINAVDILTIN ULNAR

A VAt

waiildann s iudildnsaidleldiieulvlioaguidsliil 25% fdasinnsiva
wAgo15nou 0 lpm Area of v = 1798.896 uay Area of i* = 1.30195E-5 Tug191281n1%

duilinsnfe 80 us IaeuUsnaunvzgnidlutunaun 2

o v 1 A

Y a Y Y 17 a P i
Junauil 2 1imAMlAa1NN13IRILUIINIUABUA LUNUTUALNSINBNIAT Ve WAE /s

Aaun1seeluil v _ /lAreaofvz wag | /lAreaofiz
rms T rms T
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NAUNT5IZLHN

Vi = \/E Areaof v* = \/M = 4741V
T 80x10

5
e = /lArea of i =, /m =040A
T 80x10

g 360xt
T

Junaudl 3 n1suaA1 CoS(P) iile @ = Wo | ADaIlaveInszuan uWayss

o = =
BSIAU aE T ADAIULIAT 1 SOUARY

_T=130E-05 t=3.32E-06 f=76.9kHz
T

= 1.0

- <
v Ph hift { t 05 =
E =
- 3
o - - )
S 0 0.( >
2n

- =
5} <
= -24 5
& 05 .2
< Aa

-4 4

6 - L 1.0

-8 v I v 1 v 1 v 1 T I v I v 1 T

=40 =30 =20 =10 0 10 20 30 40

Time (ps)

A 4.7 dyarasssduiunssidliihvesinnidenataun lreaguimdsiniy 25% 9

dnsnsluavesuiannsneu 0 lpm LansALRaNasyrINansELaLaz sl

nAmda I ssununseualiive A lanalau GaainsanyLinala

J dy -6
aumsReluf ¢ 360xt _ 360x3:32x10
T 1.30x10°®

A

Wwe T Ae AuLan

=91.89[Degrees]

t Ao PnaInnTElaLazLIIRUmaNAY (Overlap)
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pA ]
[ L)

JPUABUN 4 MiasliA1naNNs (3.9) P=V I

rms " rms

cos(d, -0) =V, 1, coS(D)

rms” rms

(%
LYY

Aaliuazlamaalninede P=v._1 __cos(d)=4741x0.4c0s(91.89) =1349 W

foyaiildhmstufinanseadalaalaudaimnninnegideyaniuduneuss 4
fldnauwanismaaes Sdvideyadanaves veafdaluiiaie Auseiulszansua
ANSLAUTEENDHE LLazﬁné’ﬂWﬁ’]ﬁUmﬂgﬁLﬁﬂﬁuiuszuummzﬁu%mﬂuéf’;ﬂwaﬂﬁﬂwm
angdvemanini Wesinsuiudeulymaslwinlasnmsiiusgsvleaguauauidaves
unasselnilufisesiu 25 30 way 35 Wesdud wledausinumdlnih waznisufuieulaly

Aa o

nTIneLAanIsnauNTonsIN1sinanssnulaeisua1n 0 0.5 1 wag 1.5 Ansoundaduyie

nfignsnnsawaesiisn annnisneaeslaasududsviglninluasned 4.1 8q 4.4 Fadu
TayaidaUsinaalaannisinseidenanlaviinistuiinainesadalaalaluazinsies

Toyasniglusunsy OriginLab

AN397 4.1 wandnavasraslnirasaivinauiadudng (Watts, W) wlsiuasuaiunisusu

o [y

sEAUIoaguUiNa oIt luiduRusiudn I Inavauiaeisnauiliuyu

Flow rate of Power volume level (%)
argon (lpm) 25 30 35
0 1350 W 1862 W 2154 W
0.5 938 W 2138 W 1117 W
1 1231 W 1617 W 603 W
1.5 1018 W 1297 W 173 W

A5 4.2 wansrarabniniusingflviaedadu 1ad-weunUs (Volt-amperes, VA) 7

wUsagumun1sUsUsEAvIaguiameasInglunduiusiun s luaveuiaenineun

st
Flow rate of Power volume level (Vol.%)
argon (lpm) 25 30 35
0 1912 VA 1932 VA 2209 VA
0.5 1635 VA 2144 VA 1709 VA
1 1317 VA 1658 VA 1486 VA
1.5 1172 VA 1640 VA 1400 VA
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a a 1

AN397 4.3 LansnanwsIsuUsEaNSHa uetadu Tad (Volt, V) fwusiuasusunisusu

JEAUIDaAgUINaaaITglniduTusAUdns lravauiaaisnauiiiugy

Flow rate of Power volume level (Vol.%)
argon (lpm) 25 30 35
0 araz2 v 4761 Vv 5087 V
0.5 4442 v 4986 V 4331V
1 3905V 4402 vV 3938 V
1.5 3388 V 4292 v 3848 V

AN3197 4.4 wanNarnsywaUsyansua wie Taduueuuys (Amperes, A) iwusivdsunia

nMsUSusEAvIeaquidweas g liduiusfudnsivavesuidensneuiiiudy

Flow rate of Power volume level (Vol.%)
argon (lpm) 25 30 35
0 403 mA 405 mA 434 mA
0.5 368 mA 429 mA 394 mA
1 337 mA 376 mA 377 mA
1.5 346 mA 382 mA 363 mA
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2.50k - 5.50 -
(a) (b)
225k - 5.25
2.00k - 5.00 -
1.75k - 4.75
2 150k E 4.50 -
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33 o/ ~
Z 125k Vol.30% g 425 ] Vol. 30%
a, S
S 1.00k Vol.25% S 400 -
& Vol. 35%
750.00 4 3.75 4
500.00 3.50
Vol. 25%
250.00 Vol.35% 3251
O(XJ 15 T T T T T T T T 1 ‘m T T T T T T T T T 1
02 00 02 04 06 08 10 12 14 16 18 02 00 02 04 06 08 10 12 14 16 18
Flow rate (Ipm) 24 - Flow rate (Ipm)
4 © 23] @
2.2+
42
0:42 211
<
0.40 + > 2.0+
< E 1.9
50,38— Vol.30% 2 1.8+
& 8.5
E =
3 0364 YoLIVe Bl Vol. 30%
©
Vol.25% §15-
0.34 4
1.4+ Vol. 35%
032 13
1.2 Vol. 25%
030 T T T T T T T T T 1 11 T T T T T T T T T 1
02 00 02 04 06 08 10 12 14 16 18 02 00 02 04 06 08 10 12 14 16 18
Flow rate (lpm) Flow rate (Ipm)

'
=Y

A9 4.8 HaIINMIsIaTnLiianalaun DBD-like plasma jet Ndaulrteaguimasiniuag
3931 IVaveMAaNNTY (a) naresmasknilngss (b) Auseiulsednsna (o) Anseud

UsgAnna (d) nardskiiihiusing
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on Torr| =3.8 Hz

L

61% Duty Cycl

LN
il

55% Duty Cycle IPM(30%)

.
Il

46% Duty Cycle||| PL(25%)

L

PH(35%)

-0

:M.J

J R
\

0.0 0.2
Time (s)

0.4 0.6

AMA 4.9 Uaasanarluntsussiulniiudeuidamiunaivusganaan Weliieagy

o w

HMGN

1wl 25 30 waz 35% 7isnsnsinavesufiaensneu 0.5 lpm)

9nANdl 4.8 navesnisiUasunlasiafleia (Duty cycle) Tupuiian T=0.26 s

Wevn1susuteaguiasliii 25 30 way 35% Ndnsinisiraveufiaensneu 0.5 lpm

WuNAIRALELAD InISRNTY 46 50 kas 61% AUANY FawansdiadnusaLioslunisyn

NAANININAAT 100% TULANIIINAIEUIANABLLWADANAINY FLAINAMANAAIUSDUY

AvALRgI95IALS) NSl AnaTAL RRaduiuAuTuy

aaa

WNYIanga e
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4.1.3 HanN5InALUNASUVDILEINIUAIDB NN NNAELN

v
a v v

Tueuided Sndnvaznisanasuvesiasiivaeseonuiainnatauiinainnig
wenflIveskias1snoulaeld Optical Emission Spectrometer (OES) Ju AvaSpec-
ULSA096CL 7151 CCD 4096 finwwa awnlnsiiwmesiinuazidenussuia 0.4 urlumns was
yiausanfugewiuag Avasoft 8.8 dmunisuszananateya Meulvnissusudoya
UizﬂauéhaLami’mLLazai’m’;umLa?iaﬁuaa%’auua %qaqﬂlﬂummﬁ 4.5

15197 4.5 FeuluuarAmdmuusine q Aldlunisiiudeya

Awls RHLY
Srununiideyagniivuduansauuuiade 5
nalunmsiiudeyausiazads (ms) 1000
P3PLIAFUALAY (nm) 200-1100
ANNAELAEAANAALUNSTEYANMUSA (nm) 0.3

AaulRiNN13057931AS129NA (Peak identification) WaszysinveaUaddnaie
wiuesnulaenisiiteyalueuiieuiugudeyassuladluivled NIST Atomic
Spectra Database Lines Data Nan153tAS1ERA RN AN dDnAdRNUaUTaNA1 NS 191U

aaﬂmsluﬁzmmmmmﬁlu 300-1100 nm
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n
]
N I 309.00

- : ; i c < . ;
ML l \\\\ /” é/ r—i—ﬂ
4 - JANIILA L NRAYY L_L-.JLAJ Ar atmospheric pressure
: o (Ar 4 Ipm P50%)
] : || | i
_ RHNE | I
= 34 s M A _ VL L L Ar standard lamp
o ./
(o]} 25
s O] 844
z
Z
O 111 925.96
g 2 - { 0O, Standard lamp
1 - PAUETE SR TP e N, V.Y, VDV s U N, Standard lamp
S H655.8
nssg99 <
1 H 486.12
'y I
0 s ” A , Aoy, ] . A ... H,standardlamp
j = i = i = i = i
400 600 800 1000 1200
Wavelength (nm)

AN 4.10 WIgUMgUaLUNISUY9LaEINUanUa 800 NUIINTINANEUNAULARIN L DA LA

415U

dloflarsaniduannasuveswadivanudosatniisidanatauaiiinainnsunnsa
YBIMATANIDINAHANRISNEU TS0 T1n731ua 4 lpm uazsedurndaluiai 50% ey
ﬁ’ULLaimmﬁaamUiiqLLﬁﬁﬁiﬁé’fﬁ’iiﬁ%’ULﬁﬂULﬁ&imwmmgm ﬁusaa;uﬁam%nau DONTLIU
Tulnsy tazislieflousunataunfirnuduussenIAMINTI93As 8% NUIlnve@dUTaT
ANENFINUDDNUNTDIAUTENBUTDILNEDISNOU MIlATIAN LaL0anTLAUAINEIAY AU
lelasiauazlfarnanuduluoinie s?iiiﬁuimaqa FafunudiuvesafivanUaesoans
Tugrafinnendiuldsunn Seilfadewsaataliauisaswunindudyyinsuniy

(Noise) w3adeyayrauanatddniuluana
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5
- N, system Ar system 0,,H, system
| [ 1T 1
4 Ju ' _;uwmywmﬂjﬂ Ar 0.5 Ipm P50%
- : J I
~~ -] : : :
=] S : o 5 s Ar 1 1pm P50%
534 Y B S N0 I U SO
p—
>
=
2]
5 o : :
=24 VUL N | . Ar 2 Ipm P50%
: _L;i I
14 JVli. - 000 bbb Ar31lpmP50%
: " | N N N
o4 LU : S Ll L Ar4lpmP50%

300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

r-:ll =} = % d' 1 LY d' o % %3
AN 4.11 WSgungualdnasuYadINUanilane anu13N NI NaIduILLaNINISUSUDRS)

Msivavesiansnou

W9YINNISUS s UME U AN SUYB I 0YI1N151 U AsUBUa DRSNS bavadknd
915N8UN 0.5 1.2 3 uag 4 lpm sagldreaquiasliiing 50% sgnuiipvedlulasiaulugis
300-450 nm ASIANUNAVDID13NDULAALLAANULLANTUA1UNTTI 8D ALY U LA DE 4
o 1 [~ Y] Il aa 4‘
Fniau wazluY391000-1100 iduanniuvesliuiana wagnIshnNsSeaauns1In Lo
AMUToULIBLUSHUIE UA VWA LTEALEIRINRIAINIA ST IUNU A NYENSIAARAAS 18U

AN & al

pondlauuazlalasian lnenaann1sInaUddNng1anuannIsiAsIEidualUnAS LU ILaTh

JanUaagaanunannnandul A9s15199 4.6
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INWAAUN
Ao | SPECIES | At Transition (j->i) 9;A E E,

(nm) | identify | (nm) i j S | (V) | (V)
309.00 | NI 308.87 | 25°p(’P*)3p 25p('P°)3s 5.55e+05 | 39.80 | 43.82
336.43 | NI 336.67 | 25p(’P*)3s 25°pCP°)3p 1.52e+08 | 35.65 | 39.33
357.26 | NIl 359.46 | 25°2p3p 25°2pds 1.21e+07 | 2093 | 24.38
379.83 | NI 379.40 | 252p(°P°)3p 252p(’P?)3d 1.03e+07 | 38.41 | 41.68
405.61 | N VI 405.89 | 1s°2s3p 15°2s3d 6.62e+07 | 404 429
696.15 | Ar | 696.21 | 35°3p°(°P%;,)4p 353p°(°P°,,)4d 2.4e+05 | 13.17 | 14.95
706.48 | Arl 706.91 | 3s73p°(%P°, )ds 3523p°(P°,,)0p 38e+06 | 11°% | 13.30
726.81 | Arl 72671 | 35°3p°(°P%),)4p 35°3p°(°P°,.,)4d 1.7e+05 | 13.15 | 14.85
737.95 | Arl 737.41 | 35°3p°(P°,,)0p 35°3p°(°P°,,)ad 1.9e+06 | 13.07 | 14.75
750.22 | Arl 750.59 | 3s73p°(°P°,,,)4s 35°3p°(°P°,,)0p 45e+07 | 11.82 | 13.47
76332 | Arl 76372 | 353p°(P%5)ds 35°3p (*P%;,,)4p 2.45e+07 | 11.54 | 13.17
77214 | Arl 77258 | 353p°(°P%),)s 35°3p ("P°,,)4p 52e+06 | 1154 | 13.15
811.26 | Arll 811.28 | 35*3p"(’P)3d 35°3p"(*P)dp . 17.69 | 19.22
826.23 | Arll 826.17 |3s°3p“CP)ad 35s°3p"(P1)4f - 2281 | 24.32
842.02 | Ar | 842.69 | 35°3p (*P%),)ds 35°3p°(°P°,,)4p 2.15e+07 { 11.62 | 13.09
852.14 | Ar | 852.37 | 35°3p°(°P°y,,)8s 35°3p ("P215)8p 1.39e+07 | 11.82 | 13.28
912.04 | Ar | 912.54 | 3573p°(°P%,)ds 35°3p°(’P%,,)0p 1.89e+07 | 11.54 | 129
922.07 | Arll 922.15 | 35°3p"CP)5p 35°3p"(’P)5d - 23.61 | 24.96
965.32 | Arll 965.86 | 35°3p"(P,)af 35°3p"(°P,)5g - 24.15 | 25.44
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T777.25

Ol

777.40

25°2p°(*S°)3s

25°2p°(*°)3p

3.69e+07

9.14

10.74

844.27

Ol

844.85

25°2p°(S°)3s

25°2p°(“S°)3p

3.22e+07

9.52

10.98

PMNANTNN 4.2 [duannsu (Line intensity) insiadnlatiiesainnisilaeusyau

o a @ PP o & A A a & o o | |
NAINUVDIBLANASIU aUTENnTIanUTRT Ui TuresesnaunendunanMUaskasbutig

AINEIARUATAIINTNNZY FeaursaldinTeaiinseRanasuniwasdn il

dual

al v o M v Id % . Gl
w3nsnnvinguunldlainludygiasuniu (Noise) w3o
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a ca

VAN

Tulwanafinnudunasfivaniassoanuily

(%

o

YIWNN

deueunadang

Vdnduluiana

auaaiulaniuan Fevinle
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4.1.4 namsUSuUsHunsEatenialaglinisinasmeneuiiunes

HaN1seankuULiallaYsEanEamluNIsIRNaTaNINITNTEINEF VRN TaTansa

Pasheanudivoufalugag 0 m/s dudinsdiedaruibags udidudediniugsh
Fadudnuaruuuldsegnud Tnsavasnadestuanusuniteluainuiunislugig 101324-
101348 Pa Miognieludainnsdrassnsdneuiaesneu lasimudnsnisivaves 0.5-15
lpm Fenadildazfuianini 4.12 ilduanmaveinissrassnisivavesufiaensneuniely
\nsesflanananifiegransznuresmmifivesufanazanuduaiesly Wedaufa 0.5 1
way 1.5 (pm eNUILAaaLIsansTaIefanuansFsRsInsliad 0.5 lpm Feamnsnan

ansnsauddedtumsldaumnlurislugaamvnssy

Flow rate Velocity (m/s) Pressure (Pa)

¥

0.5 Ipm L

A9 412 dansravaIn1sdnassnsivaveduiaeisneuntghuaIasiniianatauiion

I & 9} A a v
Naﬂ53WUGUa\7ﬂ'3’]3JLi')sﬂa\clLLﬂaLLagﬂ’n@Jﬂuﬂqfﬂu LeaakNd 0.5 1 ey 1.5 me

fisumlafaszassuaziimimiates rusuifaasiidngy dadulusuaums

= d 6

YOUUTYAT FINGF1ITN “NATINTBIMINAY WU URNLIREUTIINT Uagnaanudng

lunaumenientheUsines m duudile 9 nagluvienvedlua Tuaciu daassn” wiedeu

Wuannslasad

P +%,ov2 + pgh = constant (4.10)

e P feo anudunieluvesiva o fe anuvuiuduvesveslva V fe Anass

vowadlva uar h fe seAuanugs s dundsivedivaiaslvany
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4.2 nan1sUsEENA WA T ANAANLS

nan13aLiun1sAnyInIguIuNIUSUYsBLanUSAIesTUUNAaIauT DBD like
plasma jet 7ilgvimsiamnduedlaeiuliszuuldaazmniunsldnuaunsaituny
hoenliazminieannsonuauiulsiiinadoanauivemanain wu svazisvests
Bidnlnsn Mdslulih sasinslvaveauda wazmnusinmsuvesaldwdniiug dsiinng
vauseuLnueEweliles Geanmnsafmusnnuilsvazduiunsnin lneseazdadlu
AT 4.13 WUUF193EUUNANaN DBD like plasma jet d1vfunintudniug deazuans
AMFAYNIYRIsTULLansesAUsznouneluse s iananatn fuansnislvavosufad

Ignnmsdraesneneuiumes wavsundilunisiananauianunsedudaduidanugla

Gas spreader Power input connector ~ Gas Inlet connector

Plasma plume
Seed

Dish holder

< >
- ——Rotating motor

AINT 8.13 LUUIIIZUUNAENT DBD like plasma jet damsunnianiug

a I3 dll

Tunszvaunistnmdniiug fnisldwarauilnaivRuudefiaiiunnuandisaly

msvoutwesudn Astithesasmuasaanlunsgeduiiasis e naturiuden
Tudnldiiiu Sasisdudiunssen nalnveswanamduiadesiunsldlulnsiouuas
sonduslinfivihuizen Ssadieiusysoudevuiudn mlMiAnnauouyadaselmivuiives
LﬁaﬁuLuﬁm nszUIuMIHiFendy "nsnuresiiy dafiandsnuiuiivesudn
nsnemvesngueyyasatglunguaisueila (-C=0) miuanda (-COOH) lansanda
(-OH) uazteiy (N-) yilindsnuiifiuivesudaifindu fufuaznisBanziinau wanaun

¥
% )

A v I3 a v o % a v Y a s
ﬂﬁSVIULEJ@V!gJLﬂJaW ﬂigmuwum'liﬂﬂﬂsﬂUuqLLaﬁ@@ﬂ‘UL‘UULcﬂqlﬂium’J@@u I@HL@UI@ﬁLTJsNﬁ]Z

9

JoUDIMS I8 DUTIUTLN D UM IURATINANDIMN ST Las U
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4.2.1 Nan139eNVBAAANUS

NINAABIROUTN 1 AnviNansEnuveIensInstraveuia 0 0.5 wag 1 lpm lagnns
Tdreaguridsiui 30% audaseunisuyuresiuldwdn 5 rpm Tdnailunisnie 60 s
Tinass N 413 nan1seentilosannsusuonsinisivavesuidonsnou (NMsiwizkuuily

wanasludulgn)

20

Treatment conditions |
Power : 30 %

Speed : 5 rpm

Time : 60 s

18

16

I Control
B Air

[ Ar0.5Ipm
B A pm

14

Germination rate (%)

0 5 10 15 20 25 30 35 40 45 50
Time (Day)

AN 4.14 Han1598NtlodaINNIsUSUaRNSINIS Iavadkhdaisnay

HARINNITNABDINIUT 1 WUTBAIINITIrauAde1inau 0:5 lpm LdUAILRAENITIaN
fuwiliufiasian deuieynalainndeuladasanisiva 0.5 lpm vhlndesidusnissend]

Angafign Feasidufaudsaanilunisvinassil 2
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NsNAaeIneul 2 Anwinansenuvesnisidieaquiaciiin 25 30 uay35% lag
msldnsinisivaniiaensnew 0.5 lpm aaussaunIsyuvesaIulawdn 5 rom Tdaaily

= 1% 9 =i = v W & s
N15930 60 s Winada nawd 4.15 naniseeniiiesannnisusudnsinisivaveuiaensneu
(Masnzwuuilaaaaatlufuan)

20 4

I Povwer vol. 35%

Power vol. 30 %
]

B power vol. 25 %

I Control

Germination rate (%)

5 10 15 20 25 30
Time (Day)

NN 4.15 Wan3tenkiasnnmsusuteaguinalnd

HAIINNITUAABIRBUT 2 Nstreaguitaslnl 25% wulifuiduaaionisend
wudltufigangn deudseymalddnceulenislieagumadinin 25% vilddesidud

a0 a = [ Y ¢ P
ﬂ’]’i\i@ﬂﬂﬂ"l?jﬂﬂi‘j@ FeaztJudndsmanlunisnaassil 3
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nsnAaewmeui 3 Anwvinansegnureaiailunisvianataun 5 10 15 20 25 30 60
waz 90 s lnenslddnsinisinaufiaersnen 0.5 lpm Aausiseunsmyuvenuldudn 5
rom Msldreagumatiiill 25% linads ami 4.15 naniseeniiiesannisusunanlunis

VIUATIENAIEN (NSNgadnasuEAuUan)

cated 5 s
ed10s
ed 155
ed20s
ed25s
ed30s
ed 60 s
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= s & & Y DI a v v =
M1399 4.7 nanaaelosiduinis1eniiuaanieinseNsNALSd Mun1snInnalaunlag
Tufaosneudunianugiusiume Inessegrinauieinalaun 1.75 mm auisives

MUMUAST 5 RPM

aaufi | Code | fauys NN3AATITH
Time (s) | Power (W) Flow Germination rate (%)
(lpm)

1 C - - - 8
FO Constant Constant - 12
FO0.5 60 30% 0.5 16.66
F1 1 10.66

2 C - - - 14.66
PL Constant Low (25%) = | Optimum 18
PM 60 Medium (30%) | flow rate 6
PH Low (35%) (0.5) 4.66

3 C - - - 56.66
5 5 Optimum Optimum 68.33
T10 10 power low flow rate 66.66
T15 15 (25%) (0.5) 65
T20 20 70
T25 25 85
T30 30 76.66
T60 60 58.33
T90 90 86.66

A3UNaNIIMARRIINANTIN 4.7 Reulaminlyanunsaiiudnsinisienasan fe n1sly
dnsnslnavesiiidensnew 0.5 lpm nsldeaguitatinin 25% wazaailunisusulss
ISP !

Agnataun 25 s Faladnsiniseeniaden 85% ellA1a9ninfieg1antuAun 29 %

Fadurdaulvmanzausenistiluldeuasedaly
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4.2.2 HANIENBNTNAIBNADIYaNIIAUBANATOUKUUEBINTIA (Scanning Electron

Microscope: SEM)

nansldinaiia SEM sefnwiiiuRavesuinauazlndeyaiiendiudugiuinet uiu

s

fuRidmsulunisszyanvausianzi e Iiuguaniug nMsUsEHUAUAMUBANEANUS

Tnsnmdeiliareazideafiuazidweneia 300 Wi SEM vaaudnaiunsaidaiue
%’ayjaﬁﬁwﬁmuﬁmﬁué’ﬂwmzﬁuﬁa LU U9 JUI fiufiy wagnInTzaB TN IL LAY
WU vunn §U ey Auve1uesituin (Surface Roughness) Foyaiianuisnlfiile
Usziflunansznuainnanas waznanmsdaiusidesnnnnsdsuulandeinfienaas
dmasenssenliiaznisienveawdniug anameenuimaraulivilliAnsosunniiay

o % @& o & a = v i
W’liﬁLﬂJﬁﬂWUﬁqLﬂﬂﬂ’ﬁllL?IEJ%’]EJGNLﬂﬂ\ﬂUﬂ"IWVI 4.12
Control PR x60 #’ﬁ?

Treated 30

1004

» =3 ] (BN
Andaimzanglasiniuuazliiung

00pm | TNI000 15KV

AN 4.18 HANISAANAIELNATA SEM &

SEM 3o x300 SE I

bARNIWURN

UFuugssenanau Meuly 30 60 wag 90 Funlagldmatuesning 60 wag 300 Wi
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4.2.3 naInsinseivdilindunazansusenausiemaila FTIR

FTIR §811391n Fourier Transform Infrared Spectroscopy @il uwnasialunis
AR08 199A1NI55TYIAUTEN O UNNLATILAELASIATIAkLENAYDIFI9ENe IendnnIs

laddUABUNIUIANIUATIRE I MAFBY FEUULATIVIARALIATIEANRTUNTAANEUTN

[ ' '
a = =] aaa 1

Neduiitethdeaunimvuniusvialnleguas seyunyilanduuazansusenau tnewedia FTIR

Y

4

Tuagldnszuaumsnisadlnaans Fourer Transform ielUAgulUastayani1sduves

Tuanasnaaduanasudifinuniwgauaziinuazdongefiannsansiaduniiueinay
Isviannviane fnasldfuegrsunivansluvanganviiiedinnziniegns lnglidoyaidedniil
AuAsfunuadivestuana

InglunAderinisnsialnsieiiia (Peak identification) Tawmaniugiveaelas
desrylinngilsrdunazansusznauvuiiuin Taensiideyafilfainnisinluieudey
ﬁugm%’agaaaulaﬂuﬁul%ﬁ chem.libretexts.org [28] Tu#19® Infrared Spectroscopy
Absorption Table nan1simsziimisiinfiaenadestiualidiaendsnusenuilugas

\avAAL 500-4000 cm!
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Hariy

Wavenumber (ecm ™) | intensity Group Compound Class
3200-2700 weak O-H stretching Alcohol
3000-2840 medium_ | C-H stretching Alkane
1745 Strong C=0 stretching Cyclopentanone
1205-1124 Strong C-O stretching Tertiary alcohol
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4.2.4 Han5InANYNENREYY (Water contact angle: WCA)

(% '
o

yuduaAeyuTivien 1N ULNLR eI tneinseninadududaiuneniy a 90

[ [

= A a A a &, o = H & a v
NFAUNFNUNUNILASWNUNILD L‘U‘Nﬂ']i'lfﬂﬂ'J']@Janl'ﬁﬂsL‘Nﬂ']ﬁL‘UEJﬂU'VU@QWUN'JLLa%a']lJ']sﬂI‘Vi

ToyalNeINUNGIIUHUR Lavaduseneumuaiivasian Nkansuduagauansd vty
Tdwaui (ladgui) Tuvagnyududaniuansiiuiitureudt Eagaun) nsinyududa
Nan15InfIBgAIUANLaT LA UTUUTIRREIaaN MU aATUgER LT UL

The effects of varying treatment periods when using DBD-like plasma jet.
- Conditions Water contact angle (WCA)
(@)

Control

®)
=

|
o - ‘ ‘
K 3 \

Time (5 s} >

-
o g i ‘

Time (5 s)
(©) w

|
>
>

©

F0.5P25T90

Time (5 s}

Code : F = Flow rate [lpm], P =Power volume level [Vol.%], T = Treatment time [s]
A7 4.21 awaneyuduiavesientinounasndsduiaiuwdaiimeanelas (a) dree
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4.2.5 HANIANBNNAIBNABI9aNIIALULENGLSE (X-ray Tomography microscopy:

XTM)

nsanenmaigluveingianislisiddndlaalduunismyusiegialuiias 0.1 o
waenwluauaTuga 180 a3 lasnmwariagninluasididielusunsy ileadhs
AW 3D Fenrd1endnnvin CT Scan (Computed Tomography) kil X-Ray fildiunann
sruadulasnseu madaifiaei3ondn Synchrotron Radiation X-ray Tomography
microscopy (SRXTM) w3elaevialuiFundindosgansimitenaise (XTM) sudunisiduas
1.2 Wagdwideuasdulasnsou Useindlve dmsunissiusiudeyaendlse diegregnia
FrensltiensAuidndedsly antuidniegsazgniafuuuviungy wiald
wasiuiauastulasnseuinanuegi 1.2 GeV, 150 mA Tnsuasaaveusioogiifloumend
farumumi 350 luaseuvilindsnuadsogfivszna 115 keV aantuiunmdondes
ganssauuuuldiaudduazndas CMOS WWaAneImIans (2560 x 2160 iniwa 16 Un) I
UszanSamiBsuasunnfinea 1.44 luaseu dmfunisaunudndisdinly fet1sazgn
sunmfensae i nddmiunanyy 180 o lnsiiutuilag 0.1 e m3vszney
AmLazUTEInaNatazn15as eI CT Tlanalagldwenduwis Octopus Reconstruction
udinnsUsznasafunm 3 fdlaeldwenduas Drishti nglvinadwsasnind 4.21 il
nsUunatlumsuiuussinwaeiimzaislas fnasnaiuie 530 uaz 90 Jurit Tagld
sefurdalnii uazdnsinislvavesufawiiiy ilefvzasaasunaveanatantinfing
Wasuwasieiaduuenanlagnarauliviliinsessesfiuansdamsfnnseuvesudoniu
winldduandlidsnnd 4.21 dronmmdniimzatelasfeasindesganssmiidndise

(XTM) sfiunisiidawas 12w da1uideuasdulasnsen ( Thai'synchrotron national lab)
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The effects of varying treatment periods when

Surface view

- . .

500 pm

o . ‘

500 pm

(a)

®)

(©
F0.5P25T30 .

500 pm
um
500 um

Code : F = Flow rate [lpm], P = Power volume level [Vol.%], T = Treatment time [s]
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Abstract
The objective of this study was to improve seed germination by developing a plasma jet with dielectric barrier discharge at atmospheric pressure. To this end, a plasma source configuration was
designed using SOLIDWORKS and flow simwlation add-ins to ensure uniform flow. The gas velocify increased as it flowed through the nozzle of the power electrode. The study used a high-voltage source
AC that can generate 12-15 kV,, and whose frequency can he adjusted berween 50-200 kI1z to break the gas into plasma. The plasma source was tested at different gas flow rates of 0, 0.5 and I Ipm and
vy found to he stable and continuous. The highest electrical output was observed at a gas flow rate of 0.3 |pm. Andragraphis panicnlate seeds were treated with the plasma source to improve their
germination, The study showed that the germination rate of the treated seeds was 10% higher than that of the control seeds in the first five days. This increase in germination was attributed to the
hydrophobicity of the seed surface, which allowed better absorption of oxyzen and meisture from the environment,

Introduction Result and discussion

Plasma treatment is a surface
maodification process that uses ionized gas
or plasma to alter the surface properties of
materials [1]. In this study, dicleetric
barrier discharge was used like a plasma jet
to increase the surface free energy of
Andragraphis paniculate seeds and the
resulting effects on seed germination, The - et i i8]
results mdicate that a short treatment can R pT— (-
improve seed quality, but a longer plasma
treatment can cause gene damage and
hinder seed germination [2].

The DBD-like plasma jet was used to enhance germination of Ardrographis paniculata
seeds, as shown in ligure 4.

Contaet arle (deec)

Figure 1. illustrates the plasma treatment process,
which mcreases the surfa
reduction of the water cos

resulling in a

Experimental detail

Andrographis paniculata seeds
The procedures for developing and producing DBD-like plasma beams to enhance
germination are described below.

1. A high-voltage power supply AC was developed for the conversion of gas into plasma,
generating 12-15 KV, with a resonant frequency range of $0-200 kHz.

2. The argon gas can be fine-tuned in the range of 0.5-1.5 Ipm to determine the most effective
gas state

3. To ensure uniform distribution of plasma on the seed surface, the ratation of the germ halder Figure 4. DBD-like plasma jet duning seed treatment.
can he adjusted belween 0-100 RPM.

4. The ideal power sctting for this system is 75 kHz, with the frequency range adjustable

between 30-200 kHz and the power range adjustable between 0-200 W, The impact of plasma on the enhancement of the germination rate

The plasma jet impiged on the seed coat and stimulated the surface to absorb water and
oxygen into the embryo, with the endosperm feeding the embryo, which is composed of nutrient-
Gas sprender Power input connector 403 milet conmector producing cells strung together. As a result of the plasma treatment, seed germination rates were
— — = — T higher and seedling maturity was improved, with rool length inereasing from 3 em 1o 4 em

Plasma plume _ Figure 5. shows a comparison of

T
Sced. 5 ;o - Sliding bar the prowth of dndi,

graphis
paniculata sprouts aller 30 days of
cultivation. Panel (a) control, (b}
treatment time of 60 s,

Dish holder

—Rotating motor ~ -
Control Plasnia lzeatoient for 60 5

Tutal wnuwher ol seerls - 201 Total nuber of seeds - 20
Numbes of p.u\mm\.\t max 8 ‘Number of germinated sceds : 12
Gaamination vate {%) Gienuination e (%) 60
Figure 2. diagram of a DBD-like plasma jet operated at atmospheric pressure.
Germination test 17 ‘ )
. . L - . 16 reatment conditions - - A 0 pm When comparing the use of air
A germination test is a laboratory procedure for determining the viability and guality of J;:;_ :tum S plasma with premixed Ar gas at

sceds. In a germination test, a seed sample is stored under specific conditions such as R e

. ! e | flow rates of 0.5 Tpm and 1 Ipm, it
temperature, hght, and humidity that are optimal for seed germination.

was found that the plasma mixed
with 0.5 Ipm Ar gas resulted in a
significantly higher yermination
rale compared Lo air plasma and 1
Tpm Ar plasma, This result is
encouraging as it has the potential
Lo improve seed guality while
reducing gas consumplion.

Ruceal i

;0 OO0 M o "
.
Conteol Irsstuents o Seeds 2]

Foteing sail

. o5 w15 w25 a0 35 40 45
“Time (Day]
Figurce 6. the results of the plasma air test were compared with

those of premixed Ar gas at flow rates of 0.5 and 1 lpm.

Germination rate (%)
[

Cominol Ineaimenie

L Conclusions
Germination rafe (Vo) =—

The use of a DBD-like plasma jet at atmospheric pressure has the potential w serve as an
. . X alternative to increase agricultural productivity by more than 10% compared to the control group,
Where : N is the number of germinate seed

Nj is the total number of seed
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ABSTRACT
The purpose of this research is to develop the multinole atmospheric pressure plasma jet (APR) for
improving seed sermination and erowth. In this research, SolidWerks 2016 was used to desien gas flow simulation
inside the plasma source. The simulated results show that gas velocity at noz=le is uniform. As a result, there are
the argon plasma beam come out every hole and no arcing. The APPJ was connected to the x-y-z scanner for

controlling the plasma beam passing thorcughly with the seed. The length of the plasma beam is around 1 em.
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The areon flow rates of 200 250 200 250 L/h were used to evaluate the optimum condition for stable discharee. It
founds that the AC power of 892 W and a frequency of 52 kHz with the areon flow rate of 250 L/h is the suitakle
condition. The mung bean seed was used to study the effect of plasma trestment. The experimental results show
that the treated and untreated seed have different seed srowth. The treated seed sives a hicher growth rate than
the control arcund 18%. This is due to the effect of oxyeen nitrogen and humid radicals in plasma which can

increase the surface free energy of seed coat. As a result, the treated seed can absorb higher cxygen and moeisture

from the ernvircnmental.
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Abstract: This work aims to develop a multihole atmospheric pressure plasma jet (APP]) device to
increase the plasma area and apply it to a continuous seed treatment system. Broceoli seed was used
to study the effects of an atmospheric pressure plasma jet on seed germination and growth rate. An
argon flow rate of 4.2 Ipm, a plasma power of 412 W, and discharge frequency of 76 kHz were used
for seed treatment. The contact angle decreased strongly with the increase in treatment time from
20 s to 80 5. The broceoli seed’s outer surface morphology seemed to have been slightly modified
to a smoother surface by the plasma treatment during the treatment time of 80 s. However, the
cross-sectional images resulted from Synchrotron radiation X-ray tomographic microscopy (SEXTM)
confirmed no significant difference between seeds untreated and treated by plasma for 80 5. This
result indicates that plasma does not affect the bulk characteristics of the seed but does provide
delicate changes to the top thin layer on the seed surface. After seven days of cultivation, the seed
treated by plasma for 30 s achieved the highest germination and vield.

Keywords: atmospheric pressure plasma jet; surface treatment; growth rate enhancement

1. Introduction

Under laboratory conditions, plasmas are generated by applying a voltage between
two electrodes. At sufficiently high power, the ionized gases consist of equal concentrations
of positive and negative charges and many neutral species. In general, plasmas can be
classified according to temperature into thermal and nonthermal plasmas, which are also
termed cold plasmas [1]. Because it can operate at low temperatures, surface treatment
with cold plasma has been used in numerous industries worldwide, such as semiconductor
technology, medicine and cosmetics, packaging technology, textiles, and agriculture [2-1].
In atmospheric pressure cold plasma, ion temperature is close to room temperature. In
contrast, the electron temperatures can easily be of the order of several eV (1 eV = 11,600 K).
This electron temperature range (<10 eV) is responsible for rotational and vibrational exci-
tations of molecules [5]. However, the small fraction of tail electrons in the electron energy
distribution function (EEDF) with energies of the order 10 eV or even higher can generate
many different chemical processes [60]. For example, the steady-state density of radicals in
a nitrogen plasma jet (the mole fraction of water molecules in nitrogen gas is 0.01) with an
electron temperature of 1 eV have been calculated by Uhm [7]. The results show that most
reactive nitrogen species have a density of around 10-10" molecules /cm? [7]. Argon
plasma is frequently used for physical process treatment due to an effective energy transfer
to the solid surface. The argon ions bombarding the surface can dislodge contamination

Processes 2021, 9, 1134. https:// doi.org/10.3390/ pro071134
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from it and roughen it on an atomic scale [5]. Oxygen, nitrogen, or humid air plasmas can
be used for surface activation via the gas-phase radicals. When these plasmas are exposed
to the surface, different functional groups are created modifying the chemical activity of the
surface [9]. The reactive oxygen species (ROS) such as O3, OH™, and O, reactive nitrogen
species (RNS) such as NO, NO,, and NO,, and other reactive species are important in
retaining the quality of seeds and food products [10~12]. These reactive radical species,
especially NO, and also ultraviolet radiation can penetrate into the capsule of seeds and
decompose the inner nutriment. This effect can accelerate the activities of the root of the
seedling and increase seed germination [10,13].

Two methods have been frequently used to generate atmospheric pressure plasmas,
an atmospheric pressure plasma jet (APP]) and dielectric barrier discharge (DBDY). These
methods have unique features that are suitable for specific applications [11]. The DBD
device consists of two plane-parallel metal electrodes and a dielectric layer covers at
least one of these electrodes. The gap which separates the electrodes is limited to a few
millimeters wide to ensure stable plasma operation [14]. The APP] device consists of
two concentric electrodes through which the working gas flows. By applying alternating
current (AC) power to the inner electrode at a voltage high enough, the gas discharge
is ignited [15]. Usually, these techniques are combined for generating and stabilizing
atmospheric pressure plasmas. When APT] is used for large-area processing, multiple jets
or multihole arrays with a scanning stage are typically essential for continuous roll-to-roll
processes [16]. This technique makes the cold APPs treatment a reliable method to improve
seed performance and crop yield [17,15]. Seeds are the most basic and significant means of
agricultural production, and high-quality seeds can rapidly germinate and grow [19,20].

Recently, the modification of surface properties of seeds by cold atmospheric pressure
plasma treatments has been proposed as a helpful technique to improve seed germi-
nation [21-25]. Broccoli seed was chosen as the model for the operational testing of a
multihole APF] device. The effects of seed germination and the growth rate of sprouts on
the treatment time were studied. Therefore, this work aims to develop the multihole APF]
device to increase the plasma area and apply it to a continuous seed treatment system.

2. Materials and Methods

The experimental set-up is schematically shown in Figure 1. It consisted of a multihole
APP] device with a computer controller for positioning, used for seed treatment, and an
alternating current power supply with a discharge voltage range of 0~10 kV and a frequency
range of 50-200 kHz used to sustain the plasma. This multihole APF] device was designed
and developed from a laboratory prototype [26]. Argon was used as a carrier gas and
injected into the multihole APP] device with a gas-flow rate range of 1.7-4.2 L per minute
(Ipm). A high voltage probe (Keysight N2771B, Santa Rosa, CA, USA) with 30 kVPmk was
used to measure the variable voltages” waveforms at output points of the circuit. The
clamp meter current (Pearson 4100, Palo Alto, CA, United States) was used to record the
current supplied to the plasma source. The current-voltage waveform was recorded using
a two-channel oscilloscope (Agilent technologies DSO1002A, Beijing, China).

The work of adhesion, surface morphology, and cross-sectional images of untreated
and treated seeds were examined using contact angle measurement, scanning electron mi-
croscopy, and Synchrotron radiation X-ray tomographic microscopy. The SRXTM technique
uses X-rays to create cross-sections of a physical object, obtaining three-dimensional (3D)
images of samples. In this study, XTM measurement was performed at the end-station of
beamline 1.2 W in the Synchrotron Light Research Institute (Public Organization), Nakhon
Ratchasima, Thailand. The beamline photon source covered an energy range of 5 to 15 keV.
The synchrotron radiation source at the storage ring was generated using a beam energy of
1.2 GeV. The sample was exposed to an incident X-ray beam and rotated through 180° to
achieve several projections. These projections were reconstructed to create two-dimensional
(2D) slices of the measured volume. The slices could be stacked to recreate the 3D image of
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the sample. Broccoli seed was scanned using the XTM technique before and after plasma
treatment for comparison of the external surface and internal structure of the seeds.

Argoninlet|  Positioning by
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Metering valve
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Figure 1. Schematic diagram of the experimental apparatus.

To ensure that the plasma beam temperature did not exceed the limit of seed growth,
the temperature of the plasma ejected from the nozzle of multihole APP] must be measured.
The experimental set-up of the plasma temperature measurement and the basic diagram
of multihole APF] are schematically shown in Figure 2. The dielectric plate was designed
to have five linear arrays with 21 tubes per array on both sides. It was sandwiched with
the power and ground electrodes. After plasma was generated with suitable conditions of
argon flow rate and discharge power, the plasma beam was ejected from the nozzle with a
maximum length of around 10 mm. The spacing between the thermocouple probe and the
nozzle was held at 5 mm. A dielectric film was used to cover the thermocouple’s probe tip
to prevent the built-up charge during the measurement.

Multihole APPT

Power el-::cl:rodc—l . . . I

Duelectric plate —

comsecroe—| I WD
T sud

Computer
recorder

Figure 2. Schematic diagram of the multihole plasma jet with temperature measurement (not to
scale).

Broccoli seeds with and without plasma treatment were tested for germination ability
under laboratory conditions. Two layers of filter paper were soaked in distilled water
before placing them in plastic germination boxes, and then 100 seeds of each treatment
were added. The germination boxes were incubated at 20 °C for seven days, and the
number of germinated seeds was recorded every day. There were three replications in
each treatment. Broccoli seeds that had not been plasma-treated were used as a control.
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Germination was considered to have occurred when the radicals were half of the seed
length. The germination percentage was calculated as follows:

number of germinated seeds
total number of seeds

Germination percentage (%) = =100, 1)
Seedling growth measurements were of shoot length and root length assessed every
day for seven days. One hundred broccoli seeds were sown in sterilized peat moss in a
seedling tray and watered with 50 mL of distilled water every day for seven days. The
experiment was designed as a completely randomized design (CRD) with three replications.
After seven days, broceoli sprouts were harvested, and the fresh weight was measured.

3. Results and Discussion
3.1. Plasma Temperature and Current-Voltage Measurements

Temperature is a crucial factor influencing the germination of seeds [27]. The ger-
mination rate increases with rises in temperature up to an optimum value and declines
at temperatures exceeding it [258,29]. For most plants, the optimum and maximum ger-
mination temperatures are 15-30 *C and 30—40 °C, respectively [30]. High temperatures
reduce enzyme efficiency, and eventually, a temperature is reached at which cellular pro-
tein is denatured, and the seed is killed [31]. Plasma consists of electrons and ions, which
can bombard seed coats, increase the temperature, and affect the germination rate of the
seed [32]. Therefore, before seed treatment, it must be ensured that the temperature of
plasma does not exceed the upper temperature limits for germination. In this work, the
temperature of plasma was measured as a function of exposure time with the sampling
rate of 10 Hz, as shown in Figure 3. It found that during 20 min of plasma being exposed to
the probe, the maximum temperature was around 36 *C. The temperature did not exceed
27 °Cin a 1-min plasma treatment. This result means that the plasma source can be used to
treat the seed plant without deteriorated seed populations [24].
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Figure 3. The temperature on the probe as a function of the plasma exposure time.

The current and voltage waveforms during the process of plasma treatment are shown
in Figure 4. The phase difference between the voltage and the current was 101°. The
impedance was practically capacitive, corresponding to the voltage waveform lags behind
the current waveform [33]. The plasma can be easily generated, as seen in Figure 5, by
using the frequency of 76 kHz. This frequency is suitable to transfer the electrical energy
to the plasma source. The root mean squares of voltage Vims of 4.6 kV and current Iy of
410 mA were observed corresponding to the discharge power of 412 W.
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Current (A)
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Figure 4. Current-voltage waveforms of the multihole plasma jet during the discharge power and
frequency of 412 W and 76 kHz, respectively.

Multihole APPJ device

Broccoli seeds Seed holder ~ Plasma beam propagate into matenal surface

Figure 5. Photograph during the multihole plasma jet exposure of the broccoli seeds.

3.2. Contact Angle Measurement

Contact angle measurements were carried out using deionized water to determine the
broccoli surface’s hydrophilicity after being treated by the plasma. The results concerning
the effect of multihole APP] treatment on water wettability are shown in Figure 6. Because
the broccoli seeds are small in size and naturally non-uniform in shape and surface struc-
ture, the contact angle definition should be modified using an arc surface [34]. As seen
in Figure 6a, the contact angle of a liquid with a surface as the mechanical equilibrium
of a drop resting on a plane solid surface is the angle between the surface tensions at the
interface of the liquid and vapor phases (7;,) and at the interface of the solid and liquid
phases (74) [35]. Figure 6b-f shows contact angle images of water droplets adhered to
broccoli seeds (b) untreated and (c-f) plasma-treated with treatment times 0f 20 s, 40 s, 60 s,
and 80 s, respectively. For each condition, the mean contact angle was measured using five
broccoli seeds. The contact angle and work of adhesion as a function of the treatment time
are shown in Figure 7. The contact angle was 130.8 & 5.5° for the untreated seeds, and the
contact angle decreased to 76.4 & 7.1° when increasing the plasma treatment time. The
work of adhesion of a liquid and solid can be calculated directly from the surface tension
between liquid and vapor phases and the contact angle [36,37]. A decreasing contact angle
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cormsponds to increased work of adhesion from 26.0 = 1.1 to 92.5 =+ 8.6 mN/m. The
contact angle decreased strongly, which indicates that the atmospheric pressure argon
plasma treatment resulted in dramatic hydrophilization of seeds. The multihole APP] in
the air can produce reactive oxygen and nitrogen species, including NOy, OH, O, and Os.
These reactive species stimulate the activation processes of the surface [38,39].

Arle = 139,05 degrees

(a) contact angle with arc surface Gese Wiath = 1,07 & (b) Untreated

)/sl

Water
droplet

Seed

Amle = 129,54 degrees

(C) 20s Bese WHih = 1,08 83w

Amghe = 13061 degrees
Bese Wilth = 111 34mm

(d)40s

Amghe = 103,99 degrees

Amgle = 106,71 degrees
Bage Wilth = 1.6238mm

Bese Wiith = 1 8344mim

Figure 6. Contact angle measurement (a) schematic diagram of the contact angle with the arc surface, (b-f) contact angle
images of the water droplet on broccoli seed with different treatment times.

3.3. SEM and XTM Images

Figure 5 shows the scanning electron images of the appearance of a particular structure
on the treated and untreated seed surface. The broccoli seed’s outer surface morphology
seemed to be slightly modified to a smoother surface by the plasma treatment lasting for
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80 s. The plasma electrons and ion bombardment of the seed coat’s outer layer can reduce
the volcano-like protuberances, making the seed surface appear more granulated [40,41].
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Figure 7. Contact angle and work of adhesion as a function of the plasma treatment time of broccoli
seeds.

Figure 8. SEM image of broccoli seed (a) untreated, (b—e) plasma-treated for 20s, 40 s, 60 s, and 80 s, respectively.
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Figure 9 shows the XTM images of broccoli seed before and after plasma treatment.
The whole seed’s external surface is shown in Figure Yab, representing untreated and
treated conditions. The XTM images show some rendering of the seed coat after being
plasma treated for 80 s, resulting in a flatter surface when compared with the untreated
sample. Figure Yc,d show the XTM images cross-sectional in the xz plane. This result
reveals that the internal structure of the broccoli seed was not changed after the plasma
treatment. In the plasma treatment process, the degree of ion energy may affect only the
surface of the seed and cannot penetrate the seed coat and embryo. These results are in
good agreement with the SEM analysis.

Untreated Plasma-treated 80 s

Whole seed Whole seed

(c) Seed xz @ Seed xz

[rae— —

Figure 9. SRXTM image of (a) untreated, (b) plasma-treated, and cross-section in the xz direction of
(c) untreated, and (d) plasma.

3.4. Effect of Plasma Treatment on Broccoli Seed Germination

Seeds treated by plasma showed an increased percentage of germination in compari-
son to the untreated seeds. Seven days after sowing, we found that the 30 s plasma-treated
had the highest shoot length of 4.53 = 0.12 cm, followed by seeds treated by plasma for
60 s (4.47 = 0.15 cm) and the untreated seeds (4.39 £ 0.11 cm) as shown in Figure 10a.
Figure 10b compares the germination percentage on days 1-7 of broccoli seed treated and
untreated by plasma. Germination rates began to be stable from two days onwards. The
results showed that seeds treated for 30 s had the highest germination rate of 94 £ 1.6%,
followed by the untreated seed (92 & 0.9%). The germination percentage of seeds treated
with plasma for 60 s decreased to 87 £ 2.9%. This result could be due to the effect of ion
bombardment of the seed during the plasma exposure.
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Figure 10. Effect of plasma seed treatment on broccoli cultivation (a) shoot length and (b) germination
percentage on days 1-7.

Figure 11 compares the weight of seed, fresh sprouts, and additional weight of treated
and untreated broccoli seeds after seven days of cultivation. The results showed that seed
treated by plasma for 30 s obtained the highest yield. During plasma treatment, seeds
were exposed to electrons, ions, UV, thermal radiation, and reactive species. Heat was the
physical factor affecting the seed coats directly depending on the treatment time [32]. This
phenomenon was attributed to the momentum transfer and chemical reactivity among
radicals and ionic plasma species. Therefore, the increase in plasma treatment time can
induce more reactive and energetic plasma active species that would negatively affect
germination.

[:| Control
g .| 30s
i . [ c0s
|

4 ] _JT,"
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31
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o | CIRIE

seed weight Fresh sprout weight  Additional weight

Figure 11. Comparison of the weight of sprouts of treated and untreated broccoli seeds after seven
days of cultivation.
4. Conclusions

In this research, a multihole atmospheric pressure plasma jet with a scanning stage
was developed to produce low-temperature plasma plumes for high-throughput large-
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area treatment. The conditions that gave a stable plasma jet consisted of an argon flow
rate of 4.2 Ipm, plasma power of 412 W, and discharge frequency of 76 kHz. With 1-min
plasma treatment, the plasma temperature did not exceed 27 °C. The surface morphology
of seed coats seems to be slightly modified, while the SRXTM cross-sectional images
show no significant difference between seeds untreated and seeds treated by plasma. The
germination percentage of seeds treated with plasma for 30 s was 94 &+ 1.6%. This result
is the optimum condition under the argon plasma treatment. Although the germination
percentage was higher than that observed for the untreated seed, approximately 2%, a
growth enhancement was also improved. After seven days of cultivation of treated broccoli
seeds, the additional weight of sprouts was higher than that of untreated seeds by 10.5%.
This result indicates that with a short treatment time, the multihole APP] can modify the
seed coats and shows a potential impact on the productivity of sprouts that could be useful
in seed processing technologies.
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