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TOMTAT

Trong béi cdnh ndng nghiép thdng minh hién nay, cdng nghé plasma lanh, dac biét la cac hé thdng Plasma cam ting (ICP), da tré thanh giai phap dot
pha trong viéc khi khuan hat giéng, kich thich ndy mam va tang cudng sinh truéng cdy trong nhd kha nang tao ra cac loai oxy va nito phan ting (RONS)
ma khong gay t6n thuong nhiét cho té bao thuc vat. Trén thuc té, Plasma lanh da dugc chiing minh |3 tao ra cac loai oxy va nite phan ting (RONS) nhu
H,0,, NO,~, NO5™... ¢6 kha nang khit khuan va kich thich sinh hoc. Trong ndng nghiép, plasma lanh dugc (ing dung d€ xt Iy hat giéng va cay con (kich
thich ndy mam, tang sinh trudng), khit khuan dat va bé mat nong san. Nha cac RONS ton tai trong nuéc hoat hda plasma (PAW), cong nghé nay gop phéan
tdng nang sudt va chat lugng cay trong ma khong gay ton hai mi trutng. Tuy nhién, do ban chét cac hé co dién tk tao plasma vé cling phiic tap véi su
tuong tac dong thai cla dién tir trudng, dong luc hoc chat luu va cac phan (ng hda hoc, viec mé hinh hda va mé phdng chi tiét qua trinh xay dung ciing
nhu thay ddi chi s6 cta cac linh kién dién t trg thanh bugc then chét dé kiém soat va van hanh hé théng dn dinh. Bai bao nay tap trung xay dung moi
trudng mo phong da vat Iy dé tinh todn su bién thién cta dién trudng, dong dién va cc tham s6 co dién td nhu vi tri cudn day hay cong sudt nguén RF.
Thong qua viéc ting dung thudt toan t6i uu héa dé tinh chinh vi tri cudn cam trong khoang bién thién [-3, +3]cm va cdng sudt tir 500W dén 5000W,
nghién ctiu da chiing minh kha nang cai thién do dong nhat cla plasma Ién t6i 39%, gidp dam bao qua trinh x{ Iy sinh hoc trén bé mat cdy trong dién ra
dong déu. Nhing két qua nay mang lai y nghia thuc tién quan trong trong san xudt ndng nghiép, cho phép xac dinh chinh xac ngudng an toan va liéu
lugng RONS t6i uu dé kich thich hat giong dat ty 1& ndy mam cao nhat, tiéu diét hiéu qua ndm bénh thong qua viéc kiém soat nhiét dd electron bé mat,
ddng thoi gidp rdt ngan thoi gian thit nghiém.

Tirkhéa: Heé thing tao Plasma, phan mém COMSOL Multiphysics, Plasma cam ting cao tdn.

ABSTRACT

In the evolving landscape of smart agriculture, cold plasma technology specifically Inductively Coupled Plasma (ICP) represents a transformative
breakthrough for seed disinfection and growth stimulation. These systems harness the power of Reactive Oxygen and Nitrogen Species (RONS), such as H,0,,
NO,~, NOs™..., to provide potent bio-stimulation and antimicrobial effects without inflicting thermal damage on delicate plant tissues. From the direct
treatment of seedlings to the innovative use of Plasma Activated Water (PAW), this technology enhances agricultural productivity and quality while upholding
environmental integrity. However, the mechatronic architecture required for plasma generation is profoundly complex, governed by the simultaneous
interaction of electromagnetic fields, fluid dynamics, and intricate chemical kinetics. Consequently, detailed multiphysics modeling becomes the indispensable
cornerstone for ensuring operational stability and precise system control. This research utilizes COMSOL Multiphysics software to simulate the dynamic evolution
of electric fields, currents, and critical mechatronic variables, such as RF power and coil configuration. By implementing the IPOPT optimization algorithm to
refine coil placement withina[-3, +3]cm range and power levels between 500W and 5000W, this study demonstrates a 39% enhancement in plasma uniformity.
Such findings offer significant industrial utility, allowing for the precise calibration of safe RONS dosages to maximize germination rates and eradicate pathogens
through the meticulous control of surface electron temperatures. Ultimately, this robust modeling approach streamlines experimental cycles and minimizes
manufacturing costs, paving the way for the reliable deployment of cold plasma in modern, data-driven farming.

Keywords: Plasma generation system, COMSOL Multiphysics software, Inductively Coupled Plasma.
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1. GIGI THIEU

Trong béi cdnh néng nghiép hién dai dang chuyén
minh manh mé theo huéng noéng nghiép thong minh,
viéc ung dung cac thanh tuu ctia cong nghé thong tin,
loT, Al va dac biét [a cong nghé ly - sinh nhu plasma lanh
da md ra nhiing hudéng di dét pha trong viéc nang cao
nang suat va bao vé thuc vat [1-5]. Plasma lanh, dac biét
la cac hé théng x( ly sinh hoc cay trong, déng vai trd quan
trong trong viéc khir truing hat giong, kich thich ndy mam
va bién déi bé mat sinh hoc ma khéng gay hai bang nhiét
lugng [6-10]. Trong sé cac cdng nghé tao plasma, Plasma
cdm Ung (Inductively Coupled Plasma - ICP) [11, 12] ndi
[én nhu mét gidi phap vu viét nho kha nang tao ra mat do
hat mang dién cao va do tinh khiét méi truong phéng
dién I6n.

Plasma cam uing (ICP) la mét mai truong khi dugc ion
héa manh, dugc tao ra va duy tri théng qua nguyén ly
cam Ung dién tu. Khac vai plasma phong dién tiép xuc
truc tiép qua dién cuc, nang lugng trong hé thong ICP
dugc truyén tir mot cudn day cdm Ung dugc cap nguén
tan s6 vo tuyén (RF - thuong la 13,56MHz) vao budng
phong dién [13]. V& mat vat ly, ICP tuan tha gid thuyét gia
trung hoa noi mat dé electron (n.) va ion (n;) can bang
nhau trong khéng gian phéng dién. Khi dong dién xoay
chiéu chay qua cuén cam, n6 tao ra mét tu trudng bién
thién, t d6 cdm Ung nén mot dién trudng xody trong
long chat khi tro (thudng la Argon). Dién trudng nay gia
téc cac electron tu do, tao ra cac va cham ion hoa day
chuyén, chuyén hoa nang lugng dién tir thanh déng nang
hat va nang lugng kich thich, tao ra méi trudng plasma c6
mat dé hat cuc cao phuc vu (> 10"7m3) cho cac tuong tac
sinh - héa phuc tap.

Hé théng ICP 1a mot t6 hop vat ly cuc ky phc tap, ngi
dién ra sy tuong tac dong thai gitta dong luc hoc dién tu,
truyén nhiét, dong chay chat luu va cac phan ting hoa hoc
plasma [14]. Viéc m6 hinh héa mé phdng toan bd qua
trinh phat trién va thay déi cac chi sé dién - co cta hé
théng mang lai nhiing y nghia then chét [15-19]. Nhu toi
uu hoda su déng nhat ctia Plasma; Du bao va kiém soat céc
chi s6 dién - co; Hiéu sau vé co ché tuong tac mau. Mot
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trong nhiing thach thuc 16n nhat cla ICP 1a hién tugng
phan bé mat d6 hat khéng déu (thudng cao & tam va
giam dan ra bién). M6 phong cho phép cac nha khoa hoc
diéu chinh cdu hinh cuén day, cudng d6 dong dién va tu
trudng ngoai dé dat dugc d6 dong nhat cao nhat (c6 thé
cai thién t6i 39% so véi hé théng khong diéu khién [13]),
dam bao qua trinh xtr ly sinh hoc trén bé mat cay trong
dugc dién ra dong déu. Du bao va kiém soét cac chi s6
dién - co: Thong qua mé hinh hoa, cac thong s6 nhu dién
trd cudn day, d6 tu cam, su lang dong nang lugng va hiéu
suat khép n6ingudn RF dugc xac dinh chinh xac. Diéu nay
giup thiét k& hé théng van hanh 6n dinh, tranh lang phi
nang luong va bao vé thiét bi trudc cac bién déi dot ngot
clia tai plasma. Hiéu sau vé ca ché tuong tac mau: Mo
phong cung cap dit liéu vé phan bé nhiét dé electron toc
do ion hoéa va théong lugng ion ma cac phép do thuc
nghiém bang dau do vat ly khé cé thé thuc hién mot cach
toan dién do su nhiéu loan méi trudng. Diéu nay dac biét
quan trong khi xtr ly cac doi tugng nhay cdm nhu té bao
thuc vat hoac hat giong.

Trong xu thé phét trién ctia ndéng nghiép théng minh,
viéc iing dung cong nghé plasma lanh dé x(rly sinh hoc cay
tréng (nhu kich thich ndy mam, kh{ tring bé mat va tang
trudng bén viing) dang trd thanh mét huéng nghién clu
trong tam. DE trién khai hiéu qua cong nghé nay, viéc thiét
ké va t6i uu hoa cac hé théng tao plasma cdm ing déng
vai tro quyét dinh. Tuy nhién, ban chat phtic tap ctia moi
trudng plasma - noi giao thoa gilta dién tu trudng, dong
luc hoc chat luu va phéan ting hoa hoc - dat ra thach thic
I6n trong viéc kiém soat cac chi sé dién - ca. Trong béi canh
do, cac cong cu mé phdng sé tién tién da trg thanh giai
phép t6i uu dé nghién clu va phét trién hé théng nay.
COMSOL Multiphysics la mét nén tdng mo phong s6 tién
tién dua trén phuang phap phan t& hiru han [20]. Bay la
mot méi trudng phan tich manh mé cho phép giai quyét
cac bai todn vat ly da linh vyc thong qua viéc giai cac hé
phuong trinh dao ham riéng lién két. Phan mém nay ndi
bat véi kha nang thiét Iap mot moi trudng mo phong tich
hagp, gilp ngudi nghién clu giai quyét hiéu qua cac hién
tuong vat ly phtc tap dién ra dong thai nhu co hoc, dién
tu, dong luc hoc chat luu va hda hoc [21]. COMSOL dugc
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coi la mot cdng cu phan tich c6 dd chinh xac cao, dac biét
phu hop cho cdc m6 hinh cau trdc phc tap. Trong nghién
ctiu hé théng ICP, COMSOL Multiphysics dong vai trd nhu
mét "phong thi nghiém 0" toan nang [22]. Vai trd cu thé
clia céng cu nay trong viéc moé phéng qua trinh phat trién
va bién déi cac chi s dién - co dugc thé hién qua cac khia
canh sau: Gidi quyét tuong tac da vat ly (Multiphysics
Coupling): Hé thong ICP yéu cau su lién két chat ché gitia
cac thanh phan dién va co. COMSOL cho phép két hop
déng thsi mo-dun Tu trudng (AC/DC Module) dé giai
phuong trinh Maxwell cho cac trudng dién tU va mo-dun
Plasma dé gidi cac phuong trinh lién tuc, phuang trinh
dong lugng (xap xi khuéch tan trugt) va phuang trinh nang
lugng cua electron. M6 phéng dong luc hoc hat va qua
trinh hinh thanh: Phan mém cho phép tich hgp cac ham
phan bé nang lugng electron (EEDF) cling cac hé s6 phan
ung héa hoc phuc tap, vi du nhu qua trinh ion héa tung
budc clia khi Argon. Diéu nay gitp tai hién chinh xac toan
b6 qua trinh tu giai doan danh thang ban dau cho dén khi
plasma dat trang thai 6n dinh. T6i uu héa thiét ké dién - co:
COMSOL cung cap cong cu t6i uu hda hinh hoc, cho phép
tu dong thay ddi vi tri va kich thudc clia cac cudn day cam
Ung. Vai trd nay cuc ky quan trong trong viéc tim ra cau
hinh thiét ké t6t nhat nham gidm thiéu gradient mat do
electron, tao ra moi trudng plasma ly tudng va déng nhat
cho cac ung dung néng nghiép cong nghé cao [23]. Du
bao su thay ddi cac chi s6 hé théng: Théng qua mé phéng,
cac nha khoa hoc c6 thé quan sét su tuang tac gilla cac
trudng dién tur va viing plasma trén bé mat thiét bij, tir dé
diéu chinh cac théng s6 van hanh dé dat dugc hiéu suat
nang lugng cao nhat [24]. Tém lai, viéc iing dung COMSOL
Multiphysics khéng chi gitp rat ngan dang ké thai gian
nghién ctu thuc nghiém ma con tao ra nén tang viing chac
dé trién khai cac hé théng plasma lanh théng minh. Day la
buéc dém cong nghé quan trong dé hién thuc hoéa viéc
Uing dung plasma trong xt ly sinh hoc cay trong mot cach
chinh xac va hiéu qua trong nganh ndéng nghiép y sinh
hién dai.

Trong bai bao nay, cac tac gia trinh bay vé viéc xay
dung mé hinh héa mé phdng maéi trudng da vat ly dé tinh
toan su bién thién cua dién trudng, dong dién va céac
tham s6 co dién t& nhu vi tri cudn day hay cong suat
nguén nham tao nén su déng déu vé ngudn plasma tao
ra dua trén hé théng plasma cam (ing cao tan.

2. MO HINH MO PHONG HE THONG TAO PLASMA CAM
UNG CAO TAN

Plasma cdm tng (Inductively Coupled Plasma - ICP) la
moét méi trudng khi dugc ion hdéa manh, thudng st dung
cac khi tro nhu Argon (Ar) lam moi truong truyén dan
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chinh. Hé théng nay van hanh dua trén nguyén ly cdm
Ung dién tl, trong dé nang lugng tu trudng tan sé vo
tuyén (RF), dién hinh la tai tdn s6 chuan 13,56MHz, dugc
truyén vao budng phéng dién théng qua cudn cam ung.
Do cdu tric doi xtiing hinh tru cta 16 phan tng ICP, mét
mo hinh d6i xting truc hai chiéu da dugc thiét lap dua trén
phan mém mo phong da vat ly COMSOL.

DPAu vao khi

Cudn day tao tw
trwdong ngoai
May phat séng RF

13,56MHz

Budng
khuéch tan

Hinh 1. So d6 10 phén (ing ICP tao plasma lanh

Hinh 1 thé hién so d6 ciu tric 16 phan tng ICP [25]. Cu
thé, phan (ing hdéa hoc plasma xay ra trong mét buéng
phoéng dién. Mot cuén day ti truong dat bén ngoai dugc
st dung dé tao ra ti trudng mot chiéu. Codng suat dan
déng cla cudn cam phia trén ctia s6 dién moi dugc ¢
dinh & muic 200W, va tan s6 vé tuyén dugc cé dinh & muic
13,56MHz. Khi lam viéc la hén hgp khi argon-oxy. Hon
nita, cac théng s6 trong moé phong bao gom dong dién
cla cudn day tu, ap suat khi va ty 1& O, v6i pham vi tuong
(ng dugc thay d6i 0 - 15 (A), 10 - 20 (mTorr). Cac phén ting
héa hoc va cac hé s6 lién quan dén mo hinh mé phéng
dugc cho trong bang 1.

Bang 1. Céc phan (ing hdéa hoc dugc st dung trong m hinh

l'::;a:é' Phan iing héa hoc Loai phan ting (ﬁ‘e")
1 e+Ar—>e+Ar Dan hoi 0
2 e+Ar—e+Ars Kich thich 11,5
3 e+Ars—e+Ar Siéu dan hoi -11,5
4 e+Ar—2e+Ar+ lon héa 15,8
5 e+Ars—2e+Ar+ lon héa 4,24
6 Ars+Ars —e+Ar+Ar lon héa héa hoc -
Qud trinh dap tat
7 As A=A+ Ar trang thdi kl’cH fhich. _
Phan (ing bé mat
8 Ars —Ar
9 Ar4+—Ar
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Thong qua cac phan ing héa hoc cho trong bang 1, ta
thay phan Ung 5 thé hién qua trinh ion héa tiing budc
ddng vai trd quan trong trong viéc duy tri sy phéng dién
qua khi argon & ap suat thap. Trong cac phan ung trén
cling thay cac nguyén ti argon bij kich thich, bi pha huy
théng qua cac va cham siéu dan hoi vdi electron, dap tat
bdng cac nguyén tirargon trung tinh, ion héa héa hoc dé
hai nguyén ttrargon khdng bén phan (ing véi nhau dé tao
thanh mét nguyén tir argon trung tinh, mot ion argon va
mot electron (phan Ung 6). Trong d6 phan ting 8 va 9 la
cac phan ting say ra & bé mat. Khi c6 mét nguyén tirargon
G trang thai siéu bén tuong tac véi thanh bé mat no sé
ngay lap tuc trd lai trang thai co ban nguyén tir argon véi
mot xac suat nhat dinh.

Nhu vay, md hinh s dung trong nghién ctu la mo
hinh déi xting truc hai chiéu (2D Axisymmetric). Su tuang
tac da vat ly dugc mo ta thong qua viéc giai déng thoi cac
hé phuong trinh:

- Pién tu trudng: S& dung mo-dun Tu trudng (AC/DC
Module) dé gidi hé phuong trinh Maxwell, xac dinh su
phan bé clia dién trudng xoady va tu trudng bién thién tao
ra b&i cudén cam tng & tan sé 13,56 MHz.

- Pong luc hoc Plasma: S dung mo-dun Plasma dé
giai phuang trinh Boltzmann xap xi khuéch tan trugt. Téc
dé thay d6i mat do electron dugc thé hién trong céng
thuc (7).

3. TOI UU HOA QUA TRINH BONG NHAT PLASMA

Trong 16 phén Uing tao plasma, qua trinh van chuyén
electron dugc mo ta bdi phuong trinh Boltzmann trong
dé mat do, dong lugng trung binh va nang lugng trung
binh clia electron dugc thé hién trén mét ham thay déi vé
ca thdi gian va khéng gian. Toc d6 thay déi mat do cda
electron dugc mo ta béi phuong trinh (1).

%(ne)+v.l"e =R, (1)

Trong d6: n. la mat d6 electron, . la ham véc to dong
electron; R. 1a nguén electron. BE téi uu hoa qua trinh
doéng nhat plasma sinh ra trong 16 phan tng st dung mo
hinh |6 plasma cdm ng, thi viéc tim vi tri cho cudn day tu
truong bén ngoai lo phan ting nham tao ra ti trudng mot
chiéu tét nhat thuc ddy cac phan tng tao plasma da dugc
ching minh. Khi d6, ham muc tiéu la t8i thiéu héa dé déc
clia mat dé electron doc theo huéng xuyén tam cda 10
phén (ng va dugc thé hién trén céng thic (2).

min(Gn) = min(LIJan dr} (2)
neO

42 | Tap chiKhoa hoc va Cong nghé Trudng Dai hoc Céng nghiép Ha Ni

Trong d9, ne la hang s6 chuan hoa.

T T T T T T ™
10V
0.08} 14
007} .
0.06 1 12
izl n n n nolA ]
’ 1
004} I
0.03f 1 8
002} -
6
0.01f ‘\@ 4
o} 4
) 4
001} - -
003
; : : . : . : -
0 0.02 0.04 0.06 0.08 01 0.12 0.14m

Hinh 2. M6 hinh md phdng hé thdng tao plasma trén phan mém COMSOL
Multiphysics: 1. Cudn ddy tao tir trudng; 2. Vat liéu dién moi; 3. Khu vuc tao
plasma; 4. Tam dé 1o phan (ing

Trong nghién ctu nay, mo6 hinh mé phéng hé théng
tao plasma trén phan mém COMSOL Multiphysics nhu
thé hién trén hinh 2. Hé thdng da dugc xay dung md
phdng qua trinh tao plasma khi thay déi vi tri va cong suat
clia mach cudn day ti trudng dé dam béo qua trinh déng
nhat plasma sinh ra trong |6 phan ting. Trong trudng hop
nay, mat dé electron tai tam dugc mé phdng gitr c6 dinh,
cong sudt clia mach cudn dau tur trudng sé dugc thay déi
dan dan dé dam bao véi mat do electron tai tam 1o phan
Ung dugc dir cd dinh. Bang 2 thé hién qua trinh thay ddi
cac théng sé van hanh cta hé théng trudc va sau khi téi
uu hoa mo hinh hé théng tao plasma. Qua hinh 2 ching
ta c6 bén bd phan chinh cdu thanh 16 phan Ung tao
plasma gém: 1. Cudn day tao tu truong; 2. Vat liéu dién
moi; 3. Khu vuc tao plasma; 4. Tam dé |6 phan tng.

Béng 2. Cac thong so vén hanh hé thong

Thong
sd van
hanh

Mo hinh ban

R Mé hinh téi wu héa
dau

Str dung thdng s6 | Chuyén ddi vi tri cun day thanh bién tu do
hinh hoc ¢ dinh |trong tinh nang Transformation. Cai dat cho
(r) dugc thiét 1ap | phép cac cudn day dich chuyén doc theo
ban dau dudi|phuong hudng tam trong khodng bién thién
dang mang. [—3, +3]cm so vdi vi tri goc.

Viootr
cudn day

(6ng
suat

(ai dat cong sudt cudn day vdi gia tri ban dau
1500W, ty 1& 1000W va gidi han trong dai tif
500W cén 5000W.

(6 dinh ¢ muc
1500W

cudn day
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- Thiét 1p: S dung chiic ndng tinh tich phan| . . .
" dinh huéng mat do electron hudng tam; 26| 1 T
am 24 + B
" - Muc tiéu: Cuc tiéu hda gia tri dinh hudng 22} 33
muc tiéu o . . .o 20| 1
mat do electron dé dat dugc su dong nhat i 2l 1 3
da plasma tao ra; o . . . 1 s
Rang budc mét do electron tai tam phéi ndm 1z 5
Rang trong khodng tit 1 dén 1.1 so vdi gid tri chuan =l
budc Neo. Diéu ndy giip duy tri hiéu sudt lam viéc &f - L2
x N v 4+
ctia lo trong khi van toi uu hda do dong nhat. > [ | 1
, . ,.| St dung budc gidi Optimization (Study 2) véi M 05
Thuat S_u dung budc gia phuong phép IPOPT (Interior Point Optimizer). Al ||
... |tinh  Frequency- T i . . . ,
todn va|_ . Sau 6, can thém budc Verification (Study 3) dé o 10 20 cm
. .,.|Stationary (Study| s 1
budc gidi N tinh todn lai trén lu6i méi (Remesh) nham loai (b)
bd sai s0 do bién dang hinh hoc. Hinh 3. Mat dd electron thu dugc véi: a) mé hinh thiét ké ban dau; b) mé

Trong mo hinh t6i uu héa hé thong, nhém tac gid s hinh dugc cdu hinh t6i vu héa
dung thuat toan IPOPT béi bai todn md hinh héa moé
phong hé théng Plasma cam (ng ton tai cac rang budc

cm

26 -

phi tuyén phuc tap. Trong khi d6 IPOPT la thuat toan dua AT 1 2.5
trén phuong phap diém ndi tai (Interior Point), cuc ky 20} . aa
manh mé trong viéc x{ ly cac bai toan téi uu hda phi el ] b3
tuyén quy mé 16n c6 rang budc chat ché. Bén canh dé e - - - ] 2'2
IPOPT cho thay su 6n dinh cao hon trong céc mé hinh tao 10f T 1 '
plasma noi ma su hdi tu ctia hé phuong trinh da vat ly rat i ] =t
nhay cadm véi su thay d6i hinh hoc. Ngoai ra IPOPT tuang L j 2
thich tét véi viéc chuyén déi vi tri hinh hoc cia cudn day a5 l | e
thanh bién tu do, giup qua trinh tim kiém khong gian af 18
nghiém hiéu qua hon so véi cac phuong phép khac. “ 10 20 o
4. KET QUA KHAO NGHIEM VA THAO LUAN (a)
Thong qua viéc so sdnh mat do electron dugc taora  _,, .
trong 16 phan tng dugc thé hién trén hinh 3a (mé hinh 26+
thiét ké ban dau vai khoang cach gitta 3 cudn day tao tu z: | -
trudng ngoai la déu nhau) va hinh 3b (m6 hinh khi khoang 20+
cach gitfa 3 cudn day dugc diéu chinh phii hop) ta thay do =l 1 M 24
déng déu ctia mat do electron dugc cai thién dang ké khi 14} o | O 1 .
chuing ta thay déi khoang cach gitia cac cudn day. ol —vi ]
al _ 2.2
= lm of 21
22 - 7 I . : | |
20 | 6 0 5
i:i =) o n i > i I 4119
]Z;.: I g 4 s 0 1|0 2|0 = B
A I - g
at - - Hinh 4. Nhiét cGa electron bé mat 10 véi: a) md hinh thiét ké ban dau;
of [ 1 ) b) md hinh dugc céu hinh i wu héa
o Trong hinh 4 thé hién nhiét d6 electron trén bé mat 1o
“ o 10 20 - phan (ng. Chung ta thay rang véi thiét ké ban dau khi
(a) khoang cach giira 3 cudn day tao tur trudng cach déu nhau
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(hinh 4a) thi viing nhiét d6 cao bé tri déu ngay phia duéi
vi tri 3 cudén day. Trong khi 8 mé hinh t6i uu hda, do
khodng cach gilta cuén day thu 3 cach xa hai cudén day
phia ngoai 10 phan Ung diéu nay dan dén nhiét do
electron trén bé mat 16 phan ting gidam di dang ké. Khi
nhiét d6 dong plasma gidm sé giup cho cac ing dung xt
ly, tiéu diét ndm trén cac hat giéng trong trong trot ch&
nén hiéu qua hon.

Hinh 5a va 5b thé hién ban d6 mat d6 céng suat hap
thu (Absorbed Power Density) trong buéng plasma cam
Ung, vGi thang mau giéng nhau (tu ~0 dén ~1,2x10°).
Quan sat sa bé cho thay ca hai trudng déu c6 mét ving
dinh céng suat I6n nhat tai gan khu vuc trung tam cla
buéng, mau vang ryc, tuong Ung gia tri dinh xap xi
1,2%x106.

cm
x10°
25+
20k | 12
10
15+ n n n
8
10+ —
6
ol 4
0 | | 5
5 ; 0
0 10 20 30 cm
(a)
cm
%x10°
25t
20k | 12
10
15¢ n n n
R 4
10+
6
ar 4
0 | | 5
5 ; . 0
0 10 20 30 cm

(b)
Hinh 5. Mat do cong sudt hap thu véi: a) mo hinh thiét ké ban dau; b) mo
hinh dugc cdu hinh t6i uu héa
Tuy nhién, cach phan bé céng suat gilta hai anh c6 nét
khac biét dang ké: Ca hai hinh déu c6 cuc dai vao khoadng
1,1 + 1,2x10° (ving vang nhat). Khong c6 su khac biét vé
bién d6 cuc dai rd rét gitta hai hinh; thang mau cho ca hai
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déu lén téi 12x10°%) ching té cung ngudng t6i da. Vé
pham vi va hinh dang viing dinh: O hinh 5a viing céng
sudt cao cht yéu tap trung gan tam buéng, c6 dang elip
hep vé ngang. Trong khi d6, & hinh 5b, vung dinh lan réng
han vé phia phai va hoi ha thap mot chut. Biéu nay dugc
thay qua viéc vung mau vang - cam dan réng & hinh 5b,
tao thanh viing dam kéo dai dén gan thanh bén phai va
day thap hon. D6 lan truyén céng suat & hinh 5b do do
I&n hon hinh 5a, lam tang dién tich bé mat phat xa manh.
NGi cach khéc, hinh 5b cho thay phan bé cong suat déng
déu hon ra xung quanh so véi hinh 5a, 3 d6 cong suat don
tap trung hon tai trung tdm. Tinh d6ng nhat: Tinh toan so
b6 ving cé gia tri 16n (vung vang) cho thay hinh 5b c6
dién tich 16n hon mét chit so véi hinh 5a, am chi d6 dong
nhat céng suat tét hon. Diéu nay co thé tinh bang ti s6
gifa vung cudng do cao va toan bd vung quan sat. Hinh
5b c6 ving mau cam/dd phan bé rong doc tam va lan ra
bén phai, trong khi hinh 5a chl yéu xap xi vung trung
tam. Dau vay, su khac biét vé dé dong déu khéng qua 16n;
cé hai déu c6 su léch tam nhe. Tém lai, hai hinh cho thay
cudng d6 codng suat cuc dai tuong duong (~1,2x109),
nhung phan bé khong gian khac biét: hinh 5b ¢6 vung
coéng suat cao lan réng hon va déng déu hon so vai hinh
5a.Diéu nay goi y trong diéu kién van hanh hoac thiét ké,
nhiing yéu té nhu vi tri cudn tao ti trudng hoac thong s6
khi c6 thé khac nhau gitia hai trudng hgp, anh hudng truc
ti€p dén cau tric plasma. Su so sanh nay gitp hiéu ré anh
hudng cua thay doi thiét k&€ Ién mat dé nang lugng
plasma. Hinh 6 thé hién d6 thi mat do electron (don vi
10"7cm™) theo khodng céch (truc ngang) tai ba vi tri khdo
sat trong buéng plasma (mbi dudng mang mau khac
nhau). Budng mau xanh duong bat dau & gia tri cao
~4,3x10" tai x = 0, tang lén dinh ~4,35x10"” quanh x =5,
sau do6 gidam dan xudng ~2,8x10' tai x = 18. Hai dudng
mau dd va xanh la luén & muc thap hon (~3,5 + 3,6x10"),
gan nhu phdng tirx =0 dén ~15, chi tdng nhe va tap trung
vé ~3,55x10"7 quanh trung tam roi gidm nhe sau x = 15.
Mat do electron cao tap trung (dudng xanh duang) cé thé
tuong Ung vai vung trung tam plasma nhan dugc nhiéu
nang lugng tu trudng RF nhat, dan dén ion héa manh
hon. Mat d6 déng déu thap hon (duong dé, xanh 13)
thuong thudc céc vi tri xa tam hon hodc gan thanh
budng, noi mat dé thap va it bién déng. Chénh léch nay
cho ta thay cau hinh plasma c6 dinh & trung tam va giam
ra bién. Trong ing dung xu ly hat giéng, su khéng déng
déu mat dd nay co6 thé anh hudng dén hiéu qua khi
khuan va kich thich: ving c6 mat do electron cao sé khi
khudn manh han. Do d6, hiéu ré va can bang phan bé mat
doé nay la can thiét dé xu ly déng déu mau (gia tang
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khuéch tan plasma hodc diéu chinh cau hinh dién tu dé
dat dé déng déu cao han). So véi hai dudng xanh 1a va do,
dudng xanh duong biéu thi mat dé electron cao va bién
thién 16n, trong khi hai dudng kia cho thdy mat do thap
va 6n dinh hon. Két qué nay chi ra plasma cé kha nang tap
trung nang luong tai moét khu vuc nhat dinh, can dugc
diéu chinh dé dat su déng nhat mong muén trong (ng
dung néng nghiép.

x10*7 T [ ———

_ ey M inh ban d&u
4.3 b

4.2
41

4
3.9
3.8
3.7
3.6
3.5
3.4
3.3
3.2
3.1

3
29
2.8
2.7

M hinh tdi uu

M hinhx&c minh

Mat dé dién tor

| O T T e ) A Y |

% 1‘0 1‘5
D6 dai cung

Hinh 6. So sanh mét d dién t{ gitia cdéc md hinh
5.KET LUAN

Nghién ctiu nay da khang dinh vai trd then chét cla
viéc mé hinh héa va mé phéng cac phan t co dién tu
trong viéc phat trién hé théng tao plasma cdm ting (ICP)
phuc vu néng nghiép théng minh. Trong béi canh san
xuat hién dai, cdc hé théng ICP la mot t6 hop vat ly cuc ky
phuc tap véi su tuong tac da chiéu gilra dién tu trudng,
nhiét dong luc hoc va héa hoc plasma. Viéc st dung mo
hinh mé phong cho phép cac nha khoa hoc du béo chinh
xac cac chi s6 dién - co nhu cong suat, va vi tri dat cuén
day tao tir trudng ngoai cho budng tao plasma, tir d6 tim
ra dugc cac théng s6 van hanh t6i uu cho hé théng tao
plasma, trdnh lang phi nang lugng va bao vé thiét bi trusc
cac tac dong bién ddi dot ngdt tir ngoai vao hé théng. Bén
canh d6 dong plasma tao ra sé 6n dinh c6 thé st dung
hiéu qua trén cac doi tugng nong nghiép c6 d6 nhay cam
cao nhu té bao thuc vat hay hat giébng, mo6 phéng cung
cap di liéu quan trong vé théng lugng ion va nhiét do
electron ma cac phép do thuc nghiém khé thuc hién toan
dién, gitp ddm bao hiéu qua xt ly sinh hoc ma khong gay
hai cho mau.

Két qua nghién ctu da chi ra rang viéc téi uu héa vi tri
va cOng suat clia cudn day tao tu trudng mang lai su cai
thién vugt bac vé hiéu suat hé théng. Théng qua thuat
toan téi uu héa IPOPT trén phan mém COMSOL, khi cho
phép vi tri cudn day bién thién trong khodng [-3, +3]cm
va diéu chinh céng suat cudn day (tang Ién muic 1800W,

Vol. 62 - No. 6A (June 2026)

dé dong nhat cla plasma da dugc cai thién dang ké (Ién
t6i 39%) so vdi thiét ké ban dau. Su thay déi cau hinh nay
khéng chi gitp phan bé mat dé electron déu khdp bé mat
x ly ma con lam gidm nhiét d6 electron trén bé mat 1o
phan ting, tao diéu kién ly tudng cho cac iing dung tiéu
diét nam bénh trén hat giéng moét cach hiéu qua va an
toan.

Trong thai gian tdi, viéc tiép tuc st dung cac phan
mém mo phong da vat ly nhu COMSOL Multiphysics sé la
dinh hudng nghién ctru trong tam dé chuan hoa cac thiét
bi tao plasma lanh. Cac nghién ciu ti€p theo can tap
trung vao viéc mo hinh héa sau hon su tuong tac gilta cac
loai phan (g (RONS) véi tiing loai t& bao cay tréng cu thé
nham xay dung cac kich ban x{ ly t6i uu cho tiing loai hat
giéng. Bén canh do, viéc tich hgp thém cac mé hinh diéu
khién thong minh dua trén Al dé€ tu déng hda qua trinh
hiéu chinh cac tham s6 co dién ti trong thai gian thuc sé
giup nang cao nang suat va gia tri kinh t&, dua cong nghé
plasma trg thanh mot cédng cu phé bién va tin cdy trong
nén nong nghiép s6 bén viing.
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