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DANH MUC CAC KY HIEU VA CHU VIET TAT
1. Cac ky hiéu
E: Nang lugng trung binh cia céc hat (eV)
ks: Hang s6 Boltzmann (J/K)
T: Nhiét do cua plasma (K)
Ap: Chiéu dai Debye (m)
£o: Hang s6 dién mdi cua chan khong F/m
n: Mat do hat (56 hat trén mot don vi thé tich)
e: bién tich cua electron
f(v): Ham phan bé van téc cua hat
m: Khdi luong cua hat
v: Van tdc ctia hat
Te: Nhiét do electron
Ti: Nhiét do ion
Tgas: Nhiét do khi
Tn: Nhiét d6 cua cac hat trung hoa
Tv: Nhiét @6 dao dong
Cq4: Dién dung l6p dién moi
Cg: Dién dung khe hé khong khi phong dign
Cpgp: Pién dung tong thé cia DBD-Jet
£o: Hang sb dién mdi cua chan khong.
g4: Hang sé dién moi
a: Ban kinh dién cuc
b: Ban kinh trong dng dién moi
c: Ban kinh ngoai 6ng dién moi
L: Chiéu dai dién cuc
Vipp: Dién ap nguén cao ép dit vao
Vyap: Dién ap khe hé giira hai dién cuc (khe hé khi)
V,;: Bién ap qua dién moéi DBD
Vy (Up): Ngudng dién ap phong dién

i4is: Dong di¢n phong dién



i4isp: DONG dién dich chuyen

i;or: DONg dién khi c6 phong dién bao gom hai dong dién xép chong 1a dong dién
phong dién va dong dién dich chuyén.

Rp : Bién tro, mot dai luwong dai dién cho qua trinh hinh thanh phéng dién
f: Tan sd

S: Dién tich biéu d Lissajous (Q-V)

Epep : Dién truong qua DBD

Eps : Dién truong tir bén ngoai (dién ap nguon)

Cm: Tudién

Pinse—ppp: CONQ suat tic thoi qua DBD

Vm: Dién ép qua tu

im: Dong di¢n qua tu

Pinse—y,: CONQ SUAL tirC thoi qua tu

Q: bién tich tich luy

Eppp—jer: Nang lugng tiéu thu qua DBD-Jet

Py,4: CONg suat trung binh

Vp-p: Dién ap dinh

2. C4c tir viét tit

APPJ: Atmospheric pressure plasma jet - Tia plasma ap suat khi quyén
DBD: Dielectric Barrier Discharge - Phong dién rao can di¢n moi
Ar: Argon

He: Helium

Ne: Neon

O2: Oxygen

N2: Nitrogen

Xe: Xenon

ICP: Inductively Coupled Plasma - Plasma két hop cam @ng
CCP: Capacitively Coupled Plasma - Plasma két hop dién dung
MW: Microwave Plasma - Ngudn plasma vi song

RF Discharge: Radio Frequency Discharge - Phong dién RF

AC: Alternating Current - Dong dién xoay chiéu
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DC Discharge: Direct Current Discharge - Phong dién DC

Atm: Atmosphere: Don vi do ap suit

UV: Ultraviolet-tia cuc tim

ROS: Reactive Oxygen Species - Cac gbc oxy hoat tinh

RNS: Reactive Nitrogen Species - Cac gdc nito hoat tinh

PTFE: Polytetrafluoroethylene

CAPP: Cold Atmospheric Pressure Plasma - Plasma &p suat khi quyén lanh
AFM: Atomic Force Microscopy - Phan tich bé mit bang AFM

CT: Current Transformer - Bién dong
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DAI HQC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HQC SU PHAM KY THUAT Doc 1ap - Tw do - Hanh phic

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Anh huong cua chat khi 1am viéc t&i ddc tinh dién hoc cua tia plasma
ap suat khi quyén (APPJ)

- Ma s6: T2023-06-17

- Chu nhiém: Ky su Truong Van Nhan

- Thanh vién tham gia: TS. Truong Thi Hoa

- Co quan chu tri: Trudng Pai hoc Su pham K§ thuat- Pai hoc Pa Ning

- Thoi gian thuc hién: 3/2024-2/2025

2. Muc tiéu:

- Thiét ké, xay dung md hinh tao tia plasma ap suat khi quyén

- Khao sat anh huong cua chat khi dén dic tinh dién hoc cua tia plasma ap suat khi

quyeén.

- Thuc hién cac thi nghiém vai cac diéu kién khac nhau, dién ap dit vao, luu luong
khi, loai khi st dung.

3. Tinh méi va sang tao:

- Phan tich cac cau hinh twong thich va anh hudng cta cac tham s6 nhu luu lugng
khi, loai khi va dién ap dau vao dén dic tinh plasma.

- Cho phép nghién ctru sdu hon vé céc tinh chit dién hoc ctia plasma ma khong can
hé thong chan khong phirc tap va duoc dat tai phong thi nghiém cao 4p trudong Pai hoc
Su pham Ky thuat

- T6i uu hoéa mé hinh tia plasma 4p suat khi quyén cho cac tng dung yéu cau sy
6n dinh cao, plasma tao ra khdng bi giéi han ving khéng gian cho phép thuc hién cac
ung dung rong rai.

4. Tom tit két qua nghién ciu:

- M6 hinh tao tia plasma ap suét khi quyén dit tai phong thi nghiém cao ap, truong
bai hoc Su pham Ky thuat.

- Két qua cho thiy su t6i wu hoa dién ap va luu luong khi argon c6 thé cai thién
tinh 6n dinh va hiéu qua ciia qua trinh phong dién trong tia plasma 4p suat khi quyén.
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Dic biét, khi dién ap ting, dong dién va cong suat tic thoi ciing ting, gitp plasma duy
tri bén virng hon.

- D6 thi Lissajous (Q-V) duogc sir dung dé phan tich chi tiét méi quan hé dién tich
- dién ap, giup xac dinh rd hon cac diém "bat" va "tit" cta plasma, dong thoi cung cip
g6c nhin méi vé dic tinh dién hoc va dd 6n dinh cia plasma. Két qua nay la nén tang
quan trong dé t6i wu hoa plasma khi quyén cho cac tng dung yéu ciu sy 6n dinh cao.

- Ung dung tiém ning trong y té va nong nghiép: V&i tinh chit 6n dinh va hiéu
qua, mo hinh nay mo ra co hoi cho cac tng dung trong nhiéu linh vyc nhu y té (khu
trung va xir Iy bé mat) va ndng nghiép (kich thich niy mam va sinh truéng cay trong.

- Pinh huéng phat trién mé hinh trong cac nghién cuu tiép theo: Cac phat hién tir
nghién ctru chi ra rang viéc toi wu va lya chon cac thiét bi, cai tien cac dieu kién thi
nghiém la co s& de danh gia hi¢u qua cua plasma duogc tao ra.

- Ngoai ra, dé nghién ciru cac thanh phan hoa hoc va cac tinh chat khac cua plasma,
viéc st dung phé phat xa quang hoc dé quang sat cac trang thai kich thich caa nguyén
tir va phan tir rat can thiét. Bén canh do, khoang cach gitta vat mau va dau phun plasma
gitp giam nhiéu va ting cudng hiéu qua.

5. Tén san pham:

- 01 bai bao dang trén ky yéu hoi nghi thuoc IEEE Xplore: Van Nhan Truong; Hoa
Thi Truong; Yulianta Siregar; Trinh Le Pham; Cong Trinh Pham, “Atmospheric
Pressure Plasma Jet (APPJ) Generation using Industrial Frequency Alternative Power
Source”, 9th International Conference on Applying New Technology in Green Buildings
(ATiGB), 2024, pp.79-82. DOI: 10.1109/ATiGB63471.2024.10717715.

- 01 mé hinh tao tia plasma ap suat khi quyén dit tai phong thi nghiém cao ap, bo
mon hé théng dién, truong Pai hoc Su pham K thust.

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha niing ap
dung:

- Két qua nghién ctru 1a co s dé danh gia hiéu qua plasma duoc tao ra, huéng dén
cac ung dung cho nghién ctu tiép theo.

- San pham duoc nghiém thu s& dugc chuyén giao theo hinh thirc ban giao truc tiép
toan by cho BO mon Hé théng dién, Khoa Pién-bi¢n tur, Truong Dai hoc Su pham K¥
thuat-DPHPN dé lam tai lidu cho giang day va nghién ctru khoa hoc ctia giang vién, sinh
vién va dé tiép tuc phat trién vé sau.
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Mau 4. Théng tin két qua nghién ciru bang tiéng Anh

INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Influence of working gas on the electrical properties of Atmospheric
Pressure Plasma Jet (APPJ)

Project number: T2023-06-17
Coordinator: Engineer Truong Van Nhan
Participants: Dr. Truong Thi Hoa

Host institution: The University of Technology and Education, the University of
Da nang

Project duration: from March 2024 - February 2025
2. Objective(s):
- Design and build of an Atmospheric Pressure Plasma Jet (APPJ) model

-Investigate the impact of gas type on the electrical characteristics of the
Atmospheric Pressure Plasma Jet

- Conduct experiments under varying conditions, including applied voltage, gas
flow rate, and type of gases.

3. Creativeness and innovativeness:

- Analysis of compatible configurations and the influence of parameters such as
gas flow rate, type of gases, and input voltage on plasma characteristics.

- Enables in-depth exploration of the electrical properties of plasma without
requiring complex vacuum systems, placed at the high voltage laboratory room of the
University of Technology and Education, the University of Da nang.

- Optimizes atmospheric pressure plasma jets for applications demanding high
stability, with the generated plasma free from spatial constraints, allowing for carrying
out wide-ranging applications.

4. Research results:

- Atmospheric pressure plasma jet model has been placed at the high voltage
laboratory room, the University of Technology and Education, the University of Da
nang.

- Findings reveal that optimizing the input voltage and argon gas flow rate
significantly enhances the stability and efficiency of the discharge process in
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atmospheric pressure plasma jet. Notably, increasing the voltage elevates the current
and instantaneous power, resulting in a more stable plasma.

- The Lissajous graph (Q-V) is utilized for detailed analysis of the charge-voltage
relationship. This method identifies the "on" and "off" states of the plasma while
offering novel insights into its electrical properties and stability. These results are critical
foundation for optimizing atmospheric plasma for high-stability applications.

- Future model development: Research findings emphasize that optimizing and
selecting appropriate components, along with refining experimental conditions, are
pivotal for evaluating the efficacy of generated plasma.

- Chemical and property analysis: Investigating the chemical components and
other properties of plasma necessitates the use of optical emission spectroscopy (OES)
to observe the excitation states of atoms and molecules. Additionally, adjusting the
distance between the sample and the plasma nozzle reduces noise and enhances
efficiency.

5. Products:

- 01 research paper has been published in the proceedings of the IEEE Xplore: Van
Nhan Truong, Hoa Thi Truong, Yulianta Siregar, Trinh Le Pham, Cong Trinh Pham,
“Atmospheric Pressure Plasma Jet (APPJ) Generation using Industrial Frequency
Alternative Power Source,” 9th International Conference on Applying New Technology
in Green Buildings (ATIGB), 2024, pp. 79-82, DOl:
10.1109/ATiGB63471.2024.10717715.

- 01 atmospheric pressure plasma jet (APPJ) model has been successfully placed
in the high voltage laboratory room — department of electrical power system at the
University of Technology and Education, the University of Da nang.

6. Effects, transfer alternatives of research results and applicability:

- The research results serve as the foundation for evaluating the effectiveness of
the generated plasma, paving the way for further applications in subsequent studies.

- The completed product will be officially handed over in its entirety to the
Department of electrical power systems , Faculty of Electrical and Electronics
Engineering, at the university of Technology and Education, the University of Da nang.
This handover aims to provide resources for teaching and scientific research for faculty
and students, as well as to support future development initiatives.



CHUONG 1: TONG QUAN VE VAN PE NGHIEN CUU
1.1. Dat van dé

Vit chit trong vii try ton tai & bon trang thai: ran, long, khi va plasma. Plasma la
trang thai ther tu cta vat chat, bao gdm céc hat tich dién nhu ion (+) va electron (-), c6
kha nang tuong tac manh véi cac truong dién tir bén ngoai, cac qua trinh nhu phong
dién trong plasma, ion hoa va tai két hop, phat xa, bc xa dién tir, tuong tac vai tir
trurong,... Nho vao nhirng dac tinh nay, plasma da dugc nghién ciu va tng dung rong
rdi trong cac linh vuc cong nghiép, y hoc va moi truong.

Trong céc loai plasma, plasma &p suat khi quyén (Atmostpheric pressure plasma
jet) goi tat 1a APPJ, noi bat vi c6 thé dugc tao ra trong diéu kién khi quyén ma khong
can cac hé thong chan khdng phic tap. Biéu nay gidp cho APPJ da thu hut duoc su quan
tam dang ké véi tiém nang tng dung rong Ion, dic biét trong cac qué trinh khtr tring,
xt ly bé mit va kich hoat sinh hoc. Tuy nhién, cac yéu té nhu loai khi 1am viéc, luu
lugng khi va ngudn dién ap, tan sd,... déu c6 thé anh huong dang ké dén diac tinh cua
plasma, tir d6 tac dong dén kha nang tng dung thyc tién.

M6t trong nhitng van dé quan tdm la danh gia anh hudng caa cac loai khi 1am viéc,
luu luong khi va mirc dién &p dat vao dén dic tinh dién hoc cua tia plasma. Cac nghién
ctru trudc day da chi ra rang loai khi duwoc sir dung, nhu argon hoic helium, c6 anh
huong I6n dén qua trinh hinh thanh plasma va hiéu qua ang dung cua nd. Tuy nhién,
van chua c6 nhiéu nghién ctu chi tiét vé cac diéu kién khac nhau cua khi va dién &p anh
huong dén dic tinh cta plasma, dic biét 1a trong diéu kién &p suat khi quyén, va sir dung
thiét bi véi chi phi cao.

Do d6, xay dung mé hinh va nghién ciru ndy nham khao sat anh huong cua chat
khi va & diéu kién trong phong thi nghiém. St dung khi argon lam chét khi chinh dé tao
plasma va xem xét dén cac diéu kién dién ap dat vao, luu luong khi tac dong dén dic
tinh dién hoc tia plasma duéi &p suat khi quyén. Céc két qua thu duoc s& khdng chi déng
gop vao kién thie co ban vé plasma ma con budc dau xay duyng mé hinh tao plasma ¢
diéu kién phong thi nghiém dé nghién ctu, phat trién, dat tai phong thi nghiém cao ap,
truong Pai hoc Su pham K§ thuat, 1a budc nén tang cho cac tng dung thyc tién trong
cdng nghiép, y hoc va méi trudng cho nghién cau tiép theo.

1.2. Muc tiéu nghién ciu

Nghién cau, xay dung mé hinh tao tia plasma dudi ap suat khi quyén. Diéu nay
bao gom viéc lya chon cau hinh thich hop cung vai loai khi hiém hay hdn hop caa chang
dé tao plasma 6n dinh. M6 hinh s& duoc thiét ké sao cho c6 thé diéu chinh linh hoat céc
thong s thi nghiém, giup danh gia anh huaong caa nhiéu yéu t khac nhau dén tinh chét
cua plasma.

Khao sat va thuc hién thi nghiém dudi cac didu kién khac nhau. Mot trong nhiing
muc tiéu chinh ctia nghién ctru 13 phan tich tic dong cua loai khi hiém dén dic tinh dién
hoc cua plasma, dic biét 1a trong diéu kién ap suat khi quyén. Muc tiéu nay tip trung
vao viéc danh gia va so sanh cac yéu t nhu dang song cua dong dién, dién ap, ngudng
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dién ap phong dién va sb luong xung phong dién, thoi gian duy tri phong dién trong qua
trinh tao plasma giita dién ap dit vao, luu luong khi. Qua do, cac dic tinh nhu d 6n
dinh cta plasma, ning luong tiéu thu, cdng suat va hiéu qua cia qué trinh phong dién s&
dugc xac dinh va phan tich chinh xac.

Xay dung md hinh thi nghiém va tng dung thuc té: Muyc tiéu cubi cing la phat
trién mot mé hinh thi nghiém hoan chinh, sau d6 danh gia kha nang tng dung trong cac
linh vuc thyc tién nhu cong nghiép, y hoc va nghién ciu khoa hoc. Sau khi thuc hién va
phan tich két qua thi nghiém, mé hinh s& dugc sir dung dé kiém tra tinh wng dung cua
tia plasma &p suat khi quyén thuc té. Két qua thu duoc tir nghién ctiru nay c6 thé 1am nén
tang cho céc nghién cuu tiép theo va mo rong tng dung cua plasma trong céac linh vuc
da dang.

1.3. Tong quan vé plasma

Plasma c6 thé dugc quan sat trong cac hién twong nhu cuc quang, tia sét, hoic
phong dién trong bong dén neon. Hinh 1.1 mo ta mdi lién két giita cac hat nguyén tix
phan tir & cac trang thai khac nhau caa vat chat néi chung va hinh 1.2 quan sat mot sé
hién tuong plasma trong tu nhién ciing nhu trong phong thi nghiém. Trang thai plasma
khac biét hoan toan so véi trang thai thong thuong cua vat chat & mot sé diém. Plasma
chtra cac electron va ion tu do, duogc tich dién. C6 thé ndi rang, plasma 1a mot chat long
da dang, c6 cac electron, cac ion va cac hat trung tinh c6 su phan b nhiét doc 1ap khong
can phai ¢ trang thai can bang. Cac niang luong bén trong bao gom céc truong nhiét do,
dién tir truong va buc xa, co cuong d6 cho phép trang thai plasma ton tai trong mot
khong gian tham s 16n [1-4].

Ran Long Khi Plasma
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Hinh 1.1 Bon dang trang thai néi chung (ran, Iéng, khi, va plasma) cua vdt chat
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(¢) Qua cau plasma trong phong thi nghiém
Hinh 1.2 Cac dang plasma trong t nhién va trong phong thi nghiém

Qua trinh ion hoa c6 thé xay ra bang cach nhiét hda hodc 1am néng khi dén nhiét
do rat cao, bai cac photon nhu trong tang dién ly, bang cdc phan (ng hdéa hoc nhu trong
ngon lira, hoic thdng qua cac electron gidu niang luong. Qua trinh ion hoa dan dén viéc
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hinh thanh nhiéu loai nguyén tt, phan tu, ion va géc tu do bi kich thich. Sy phéat trién
ctia dén pin tan s6 cao vao nam 1948, dén hd quang DC, va cac k§y thuat phén tich duoc
cai tién vao nhitng nam 1970 d3 cai thién dang ké sy hiéu biét vé dong hoc va co ché
phan wng trong plasma, tir 6 tao ra mdi lién hé rd rang hon gitra cac diéu kién cua qué
trinh tao plasma va san pham phan Gng. Piéu nay da din dén su gia ting déng ké sb
luong nghién ctu vé plasma [4].

Plasma 1a mot chét khi xét vé téng thé gan nhu trung tinh vé dién. Su khac biét
giita plasma va chat khi théng thuong d6 13 su twong tac gitta cac hat nguyén tir, phan
tir trung hoa trong cac chit khi thong thuong chi 13 twong tac gitra 2 vat do luc tac dong
tam ngan; trong moi trudng plasma, cac hat mang dién twong tic ddng thoi véi nhiéu
hat mang dién khac do lrc coulomb tam xa. Khoang cach twong tac bi gigi han bai hiéu
ung phan cuc caa mot hat tich dién dugce dac trung boi mot khoang cach ¢o tén 1a d6 dai
Debye, dugc thé hién rd hon qua muyc 1.3.2. Vi viy, tuong tac giira cac hat trong moi
truong plasma chit yéu 1a twong tac c6 tinh tap thé gitta quan thé cac hat; ngoai chiu lyc
hit, lyc day cac hat trong nay con chiu luc dién tir (goi 1a twong tac Coulomb).

1.3.1. Phwong phap tao ra plasma

Plasma duoc hinh thanh khi mot lugng ning luong du 16n dugc cung cap cho mot
chat khi, 1am cho cac nguyén tir hoac phan tir trong chat khi bi ion hoa, chuyén tir trang
thai khi thong thuong sang trang thai plasma, bao gém céc hat mang dién nhu ion dwong
(+), electron tu do (-) va c&c nguyén tir hodc phan tir trung hoa.

Qua trinh tao plasma:

Cung cap niang luong cho chat khi (ion hoa): Dé tao plasma, mot dién truong manh
dugc ap dung Ién khi (thuong la khi tro hoac khi phan ing). Khi do, cac electron tu do
trong khi s& dugc gia téc boi dién truong. Cac electron ¢ ning luong cao s& va cham
Vi cac nguyén tir hoac phan tir caa khi, truyén nang luong cho chiing. Néu nang luong
cua electron di 16N, nd s& ban ra mot electron khéc tir nguyén tir hozc phan tir, dan dén
qua trinh ion hoa: Pay la qua trinh ion héa va cham, tao ra cac ion duong va cac electron
tu do.

A+e—-AY+ 2e

Sau khi duoc tao ra, cac ion duwong va electron tu do sé tiép tuc va cham véi cac
nguyen tir trung hoa khac. Cac ion duong c6 thé tham gia vao qua trinh ion héa va cham
hoac kich thich, tao ra thém nhiéu hat tich dién, tir d6 duy tri trang thai plasma. Ngoai
ra electron tu do va ion dwong ciing c6 thé tai hop lai, tao thanh cac nguy@n tir trung hoa
va giai phong nang lugng dudi dang anh sang hoac nhiét. Qua trinh nay duoc goi la qua
trinh tai hop giup duy tri sy 6n dinh cia plasma va tao ra cac vach phé dic trung.

A"+ e —A + photon

Tuy nhién, khdng phai moi va cham giita electron va nguyén tir déu dan dén ion
hoa. Nhiéu truong hop, electron chi cung cap du nang lugng dé nang cac nguyén tir hoac



phan tir 1én trang thai kich thich (c6 nang lugng cao hon trang thai co ban), nhung khong
dt dé bin ra electron.

A +e A"

Sau khi nguyén ti hoac phan tir & trang thai kich thich, ching sé trg vé trang thai
nang luong thap hon (trang thai co ban) bang cach phat ra ning lugng dudi dang photon
(anh sang).

A~—A+photon
Cac loai va cham trong plasma:
Va cham electron - nguyén tu:

lon hoa va cham: Khi mét electron c6 du nang lugng (thuong trén muc ion hoa
cua khi) va cham v&i mot nguyén tir hodc phan tir, nd co thé ban ra mot electron tur
nguyeén tir, gy ra ion hoa. Pidu nay tao ra mot ion duong va thém mot electron ti do
trong plasma.

Kich thich va cham: Néu electron khong c6 du nang luong dé ion hoa nguyén tu,
nd c6 thé 1am kich thich nguyén tir 18n mot trang thai nang luong cao hon. Cac nguyén
tir & trang thai kich thich s& phét xa anh sang khi ching quay vé trang thai co ban.

Va cham ion — electron:

Céc ion duong trong plasma c6 thé va cham vai cac electron ty do, dan dén céc
phan @ng khac nhau, chang han nhu ion hoa thém hoac tai hop. Qua trinh nay giup duy
tri mat do hat tich dién trong plasma.

Tai hop: Khi mot ion duong va mot electron ty do tai hop lai, ching c6 thé tao
thanh nguyén tir trung hoa va phat ra nang lugng dudi dang photon (anh sang).

Va cham ion —ion:

Va cham giita cac ion c6 thé din dén sy chuyén dong manh cua cac ion trong
plasma, tao ra cac dong chay va bién d6i dong luc hoc cua plasma.

Va cham hat trung hoa - hat trung hoa:

Cac nguyeén tir hoic phan tir trung hoa ciing c¢6 thé va cham véi nhau, nhung nhiing
va cham nay thuong khéng dan dén qua trinh ion hoa, ma co thé lam thay d6i dong
lurong hoac nang lugng cua cac hat tham gia.

Va cham ion - hat trung hoa:

Khi c&c ion va cham véi cac nguyén tir trung hoa, chiing c6 thé 1am kich thich hoac
ion hda c&c nguyén tir nay. Qud trinh nay gidp duy tri sy hinh thanh cua plasma, tao ra
thém ion va electron trong méi truong.

1.3.2. Nang lwong va nhiét do caa plasma

Trong plasma, nhiét d6 va ning luong cta cac hat (ion va electron) duoc biéu dién
qua phan bo Maxwell-Boltzmann trong trang thai can bang nhiét déong luc hoc, giong
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nhu trong chét khi 1y tuéng. Diéu nay cé nghia 1a cac hat trong plasma c6 van toc phan
bd theo quy luat Maxwell-Boltzmann, tir @6 c6 thé tinh toan nang lwgng trung binh cua
ching. Plasma c6 thé duoc biéu dién théng qua nhiét d6 dong hoc cua cac hat, duoc tinh
bang cong thuc:

E =-kgT (1.2)
Trong do:
E: Nang luong trung binh cua cac hat (e¢V)
ks: Hang s6 Boltzmann, véi gia tri khoang 1.38x10°% J/K
T: Nhiét do cua plasma, do béng Kelvin (K)
Nhiét do cua cac electron thuong cao hon nhiét do cua cac ion. Trong nhiéu hé

thong plasma, dic biét 1a cac nguon plasma sir dung trong cong nghiép va nghién ciu,
nhiét do cua cac hat electron c6 thé cao hon nhiéu so véi cac ion.

Tinh chat caa plasma va nhiét do:

Nhiét ¢ Plasma: Thong thuong, nhiét do cia plasma dugc miéu ta la nang luong
ctia c4c hat trong hé théng va thuong duoc do bang don vi electron-volt (eV). Péi Voi
cac ngudn plasma st dung trong cong nghiép hozc nghién ctu, electron ¢6 thé dugc dot
nong I1én dé dat téi nhiét dd cao hon so véi cac ion, do d6 phan Ién nhiét ning trong
plasma dén tir cac electron.

Chénh léch nhiét d6 giira ion va electron: O nhiéu ngudn plasma, dac biét Ia trong
cac hé thdng phong dién, nhiét d6 cua electron cao hon déng ké so véi nhiét do cua ion.
Trong cac khu vuc khac, chang han nhu trong viing ¢6 cac ngudn ion, nhiét do caa ion
va electron c¢6 xu huéng bang nhau do cac va cham gita ching.

Tinh chat dac biét: Plasma c6 thé tao ra cac dao dong va bién dong do su khdng
dong déu vé dién tich va nhiét do trong hé thong. Nhimg dao dong nay cé thé gay ra cac
hién tugng nhu dao dong plasma va dao dong nhiét trong plasma.

Chiéu dai Debye: 1a mot tham s quan trong trong plasma, mé ta pham vi anh
hudng cua dién truong do mot dién tich tao ra trong plasma. Khi cac electron va ion
trong plasma di chuyén, chiing tao ra mét 16p vo dién tich xung quanh, 1am han ché tac
dong cua dién truong dén mot ving nho goi 1a chiéu dai Debye.

Trong do:
Ap: Chiéu dai Debye (m)
£o: Hang s6 dién moi cta chan khong (F/m)

T: Nhi¢t do ctuia plasma

n: Mat do hat (s hat trén mot don vi thé tich)



e: Pién tich cua electron

Chiéu dai Debye x4c dinh vung trong d6 cac hat tich dién anh huong dén dién
truong cuc bd. Khi chiéu dai Debye nho, cac dién tich trong plasma dugc che chin hiéu
qua, khién cho plasma giit dugc trang thai trung tinh dién.

Dao dong va tan s plasma: Plasma c6 thé trai qua cac dao dong dién tir do sy di
chuyén cua cac hat tich dién, tao ra hién tuong dao dong plasma. Tan so6 dao dong plasma
(wp) dugce xac dinh boi cong thire:

ne?

wp = (1.3)

EoMe

Trong do:
Wp! Tan s dao dong plasma (rad/s).
me: Khéi lugng cua electron.

Tan s6 ndy mo ta sy dao dong ctia electron trong plasma xung quanh trang thai can
bang khi chung bi dich chuyén béi mét dién truong. Tan s6 dao dong plasma rat quan
trong trong cac qua trinh tuong tac di¢n tur trong plasma.

Nhiét ¢6 va van toc cua cac hat trong plasma: Van toc cua cac hat trong plasma
dugc phan bo theo phan bé Maxwell-Boltzmann, dic biét 1a trong trang thai can bang
nhiét dong luc hoc. Phan bd nay mo ta cach cac hat c6 van tdc khac nhau, véi phﬁn 16n
céc hat ¢6 van tdc trung binh va mat s6 it hat ¢6 van tdc rat 16n hodc rat nho. Cong thuc
mo ta phan bd nay la:

fw) = ( = )3/2 exp (mvz) (1.4)

2rtkgT 2kgT

Trong do:

f(v): Ham phan b van tdc cua hat

m: Khoi lugng cua hat

v: Van tdc cua hat

Tir ham phan bd nay, ta c6 thé tinh todn dugc ning lugng trung binh cila cac hat
trong plasma, va nhiét do cua plasma c6 thé duoc do truc tiép thong qua van tdc trung
binh ctia cac hat [5-6].
1.3.3. Phéan loai plasma

Phat trién gan ddy trong linh vuc plasma ap suat khi quyén da dan dén viéc tao ra
plasma lanh véi nhiét do ion gan véi nhiét do phong. Bé phan biét véi plasma nhiét,
plasma lanh con duoc goi la plasma phi nhiét. Plasma lanh c6 ty 1¢ ion hda & muc rat
thap. Mac du nhiét do cua electron van tuwong doi cao, nhung cac hat nang (ion, nguyén
tir trung hoa) lai c6 nhiét d6 thap hon nhiéu, diéu nay 1a do su va cham dan hoi yéu trong
qua trinh phong dién khdng can bang dugc mé ta nhu hinh 1.3. Su khac nhau vé nhiét
d6, dic diém va ¢ng dung cua hai loai plasma nay da dugc mé ta trong va cham ion-
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electron trong plasma, dac trung bdi su tang cuong ion hoa théng qua cac va cham lién
tiép gitra cac hat electron va phan tir khi.
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(a) Plasma nhiét (b) Plasma khong nhiét

Hinh 1.3 So' d6 minh hea trang thdi cua (a) plasma nhiét va
(b) plasma khdng nhiét [7-8]

a. Plasma nhiét (thermal plasma):

Plasma nhiét 1 trang thai ma tat ca cac hat trong hé théng déu dat dén can bang
nhiét dong luc hoc. Biéu nay c6 nghia la cac ion, electron, va cac hat trung hoa déu co
cung nhiét do.

Nhiét d6: Plasma nhiét c6 nhiét do rat cao, thuong 1én dén hang nghin d6 Kelvin,
phU hop Vvoi céc tng dung yéu cau nang lugng 16n nhu han, phun phi plasma, hoic xu
ly kim loai.

Dic diém: Trong plasma nhiét, cac ion va electron déu c6 mirc ning luong tuong
doi dong déu va su va cham gitra cac hat gitp duy tri trang thai can bang nay.

Ung dung: Plasma nhiét chi yéu duoc st dung trong cong nghiép, dic biét trong
c4c qua trinh yéu cau nhiét d6 cao nhu cat, han, luyén kim, va san xuat ning luong tir
nhiét hach.

b. Plasma khong nhiét (non-thermal plasma):

Plasma khong nhiét c6 su khac biét 1on vé nhiét d6 gitra cac hat electron va ion.
Cac electron c6 nhiét do rat cao, trong khi c4c ion va cac hat trung hoa c6 nhiét do gan
véi nhiét do phong.

Nhiét d6: Electron c6 thé dat nhiét d6 hang nghin Kelvin, nhung ion va cac hat
trung hoa c6 nhiét d6 thap hon dang ké.

Pic diém: Do sy chénh Iéch nhiét do 16n nay, plasma khong nhiét thuong duoc sir
dung trong cac ung dung khdng yéu cau nhiét do cao nhung van can qua trinh ion hoa
manh m&, vi du nhu xir Iy bé mit, kht tring, va trong y hoc.



Ung dung: Plasma khong nhiét phi hop cho cac quy trinh nhay cam, vi dy nhu
khir triing dung cu y té, xir Iy bé mat vat liéu ma khéng gay ton hai cau trc.

Su khéc biét gitra hai loai plasma dic trung bai cac tham sé thé hién nhu hinh 1.4,
Trong d6 3 tham s chinh dugc trinh bay Te (nhiét do electron), Ti (nhiét d ion), va Tgas
(nhiét d6 khi, hay Tn: nhiét 6 cua cac hat trung hoa). Biéu ¢ nay minh hoa rd rang su
chuyén d6i tir plasma khdng nhiét sang plasma nhiét khi &p suét ting va cling mo ta sy
khac biét 16n vé nhiét do gitra cac hat trong hai loai plasma nay. Ngoai ra, bang 1.1 dudi
day duoc thong ké tir biéu dd nay dé nhin thiy su khac nhau duoc chi tiét va tong quat
Vi cac thdng sb da trinh bay ¢ hinh 1.3 [4, 7-9].

Bang 1.1 Su khac biét giira plasma nhiét va plasma khong nhiét vé Te, Ti, Tgas

Tham sé | Plasma nhiét (Te = Tion = Tgas) | Plasma khong nhiét (Te >> Ti = Tyas)
Te Rat cao (10.000 - 20.000 K) R4t cao (10.000 - 100.000 K)
Ti Cao, xap xi Te (10.000 K) Thap, gan voi Tgas (vai traim dén vai
nghin K)
Tas Cao, xap xi Te va Ti Thap, gan vai nhiét d6 phong (300 -
500 K)
A
10”4 Plasma khong nhiét Plasma nhiét
10° -
Te (Electron) Te >Ta. Ti Te=Ta="Ti
7 10° '
é 10‘.\//_
k=]
‘E" 3 Ti (Ion)
= \
10°+ Tn (Neutral) - i
10’ . r r T l —>

10° 10* 10" 10" 10° 10° 10° 10°
Ap suét (Torr)
Hinh 1.4 Méi quan hé giza nhiér dg va dp sudt cua plasma nhiét
va plasma khong nhiét

1.3.4. Cau hinh va c4ac yéu té6 anh huéng dén plasma

Mot sb cau hinh tao plasma noéi chung duoc mé ta nhu hinh 1.5 ¢6 thé ké dén la
phong dién rao can dién mdi (DBD), plasma ap suat khi quyén (APPJ), phong dién vang
quang (Corona discharge), nguon plasma vi song (MW),... va bang 1.2 ¢ mo ta dic
tinh cua mot sé dang plasma nay bao gdm mat do, dién tich, ap suit va cong suét.
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Hinh 1.5 Mét sé cau hinh déc trung (a) Man chdn dién moi &p sudt khi quyén; (b1) va
(b2) Tia plasma ap suat khi quyén; (c1) Phéng dién vang quang; (d1) Plasma két hop
cam ing (ICP); (d2) Plasma két hop dién dung (CCP) va (e) Nguon plasma vi song
(MW) [10]

Bang 1.2 Thong sé cdc nguon tao plasma va cdc déc tinh [11]

Nguén plasma | Ap suat nén/Torr Mat do Cong suat danh
electron/m?3 dinh/W
Phong dién RF 0.051 10" 200-500
Phong dién DC 0.05° 106 100-300
Camung tu 102- 001 10%8 500-2000
Cong hudng 104-0.01 10% 300-1000
cyclotron electron
Hb quang han 750 109 - 102 500-2000
DC
Helicon 0.01-0.1 1018 - 10% 500-2000
Tia plasma DC 750 - 75000 10%° - 1073 1000-20000

Cac yéu té anh huong dén qua trinh va cham va phan wng trong plasma, so dd hién
thi caa nhiéu loai plasma tuy nhién va diéu kién trong phong thi nghiém véi mat do
plasma va nhiét o electron dwoc trinh bay ¢ bang 1.2 va hinh 1.6.

Ap suat 1a mot yéu td quan trong anh hudng dén qué trinh hinh thanh va tinh chat
cua plasma. Ap suit cd thé anh hudng truc tiép dén mat d6 va cham gitra céc hat trong
moi truong plasma: O 4p suat thap (khoang 102 dén 10 Torr), plasma thuong cé tinh

10



chat khdng can bang, vai cac ion va phan tir trung hoa cé nhiét do thap hon nhiéu so V4i
cac electron. Ap suét thap dan dén mat do hat trung hoa thap, do dé giam sé lugng va
cham giira cac hat va cho phép duy tri trang thai plasma trong diéu kién nay. O ap suat
cao (trén 1 atm), plasma c6 xu hudéng dat dén trang thai can bang nhiét dong luc hoc.
Trong diéu kién nay, nang lwong cua cac hat tich dién (ion va electron) va cac hat trung
hoa c6 xu hudng dat dén trang thai can bang véi nhau, tac 1a ca ba loai hat déu c6 nhiét
d6 twong tu nhau. Diéu nay 1am cho plasma tré thanh plasma nhiét, noi ning luong duoc
phan b déu giira cac hat thdng qua quéa trinh va cham, gilp duy tri trang thai ion hoa
manh mé hon.

Nhiét do trong plasma duoc chia thanh nhiéu loai, dya trén loai hat va mirc ning
lwgng cua ching: Céc electron trong plasma cé thé dat nhiét @6 rat cao, do electron co
khoi lugng nho va dé bi gia téc bai cac truong dién tir. Nhiét do electron 1a yéu té quyét
dinh quan trong trong qua trinh ion hoa, vi cac va cham gitta electron va cac phan tu
trung hoa thuong dan dén sy ion hoa. Nhiét do phu thudc nhiéu vao mat dé va cham
giita cac ion va phan tir khi va c6 thé tang 1én khi mat d6 va cham ting.

Mat do electron: Mat do electron trong plasma la mot yéu té quan trong anh huong
dén qua trinh ion hoa va céc tinh chét dién caa plasma: O &p suat thap, mat do electron
thuong thap hon, vi chi c6 mot phan nhé cua khi b ion hda. Mat d electron trong truong
hop nay c6 thé nam trong dai tir 108 dén 1012 (electron/cmd), tly thudc vao diéu kién cua
plasma. O 4p suat cao, mat do electron ting 1én dang ké, co thé dat t6i 104 dén 1016
(electron/cm3). Mat d6 electron cao hon dan dén sy ion héa manh mé hon va tao ra nhiéu
qua trinh twong tac gitra c4c hat tich dién hon, dong thoi lam ting hiéu suat cua cac tng
dung plasma.

108
>
N— Laser plasma
8 Nebula,‘. - —
S 10° IS fonc,
E ‘Cgrgry’l 7!_ight.ning
> .
2 3t -
104 1 o rc discharge

10 E BS

103 10° 101 102! 10?7
Charged Particles Number Density (m3)

Hinh 1.6 Mgt sé logi plasma ti nhién va plasma trong phong thi nghiém [8, 10]
1.3.5. Ung dung caa plasma

Plasma la mét linh vuc cong nghé da dang véi nhiéu tng dung rong rai trong cong
nghiép, y hoc, nang lugng, moéi truong, va nghién ciu khoa hoc. Nhirng tng dung nay
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khai thac kha ning twong tac ciia plasma véi vat chat, tir d6 gitp giai quyét nhiéu thach
thirc cOng nghé va moi truong quan trong.

Cong nghiép: Plasma duoc ¢ng dung trong cit va han kim loai nhd vao kha ning
tao ra nhiét do cao, c6 thé 1én t&i hang nghin °C. Cong nghé plasma ciing dwgc st dung
dé xtr Iy bé mat vat lidu va lang dong mong trong cdng nghiép ban dan.

Y hoc: Plasma khdng nhiét dugc tng dung trong viéc khir triing va diét khuan. N6
c6 kha ning lam sach bé mat ma khong gy ton hai dén cac mé té bao, do d6 duoc st
dung trong chira tri vét thuong va khir tring thiét bi y té.

MBoi truong: Plasma duoc sir dung dé xir Iy chat thai, xt ly khi thai cong nghiép va
giam thiéu 6 nhiém moéi trudng. Plasma c6 thé phan hay cac hop chat hiru co phuc tap
trong nudc thai hoac khdng khi.

Ky thuat .
Cong nghé dién Ché blin
ia co ) thye pham
gia cdng
Ky thuat Ky thudt
yté€ co khi
Codng nghé \ / cong rjghé
y sinh \ in an
Cong nghé
1 Co hé
ol o thang tin
méi trusng _— g
Ky thuat / \ Cong nghiép
ang kho bao bi
hang khéng
Nganh dét Hoa hoc va
may Cong nghé vat liéu mai

hano

Plasma khong nhiét va plasma lanh

Plasma Jet

ions e“ 9’6 Tia bire xa UV Céc géctwdo Loai phan img

electronse ‘; o ROS
L]
// / BRNS

Ung dung

- Plasma jet

Hinh 1.7 M4t sé #ng dung phé bién cua plasma trong cong nghiép;
chiza tri vét thirong va Xk 1y thuc pham
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1.4. Tia plasma ap suét khi quyén

Plasma ap suat khi quyén (Atmospheric Pressure Plasma Jet) 1a mot loai plasma
khong nhiét duoc tao ra dudi diéu kién ap suat khi quyén, véi nhiéu tng dung quan trong
trong cac linh vuc y hoc, sinh hoc, ndng nghiép va cong nghiép. APPJ hoat dong dua
trén phong dién rao can dién moi (DBD), sir dung céc loai khi nhu helium hogc argon.
Plasma nay dic trung boi su tao ra cac goc ty do c6 hoat tinh cao nhu ROS (Reactive
Oxygen Species) va RNS (Reactive Nitrogen Species), dong vai trd quan trong trong
cac phan tng hda hoc véi md sdng, gitp tiéu diét vi khuan, té bao ung thu, va thuc day
qua trinh phuc hdi md ma khong gay tén thuong nhiét [12-13].

Trong qua trinh tao ra APPJ, cac thdng s6 nhu dién &p, tan sb, cac loai khi ciing
nhu luu lwong khi 12 nhitng théng sé quan trong quyét dinh tinh chat cua plasma, dic
biét 1a hdn hop cac thanh phan khi kha ning tao ra cac goc tu do va su on dinh cua
plasma dudi diéu kién ap suat khi quyén [14-16]. Tia plasma da dang vai nhiéu cau hinh
khac nhau duoc st dung rong rai vai nhitng thiét bi linh hoat, hiéu qua va dé dang mua
Vvéi chi phi twong d6i, van hanh dé dang duoc mé ta rd nhu trong muc 1.4.1, hinh 1.8.
MJi loai cau hinh nay s& co nhiing dic diém va tinh chat khac nhau dan dén qua trinh
tao plasma co su khac nhau nhat dinh.

1.4.1. Céu hinh cia tia plasma ap suat khi quyén

Vong dién cyre
T 160 e a .
Ong dién moi Vong dién cue Ong dién moi
[ \ \ |
l - - ] \ -—|
Loi vio khi P Loi vio khi
Tia Plasma Neada Tia Plasma
guon |
N s
Ngufm - J__—
(@) (b)
A ek Vong dién cue
Dién cye cao d) Ong fien mo Ong dién méi
) P l Dién cye cao dp
,=>Lm viokhi | f Léi vio khi . [
s ——— ! e )
| [ ]
Tia Plasma .\Iguén Tia Plasma
Nguon
@) (d)

Hinh 1.8 Mét 6 cdu hinh déc trung

Nghién ciu vé céc tng dung cua di lam gia ting nhu cau vé cac thiét bi c6 kha
nang cung cap lugng lon cac chat phan g, vuot qua gidi han khdng gian cia cac dién
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cuc hoic 6ng phong dién, noi plasma duoc tao ra. Pé dap tng nhu cau nay, cac ngudn
plasma da dugc phat trién véi kha ning phat ra chum tia plasma vao méi trudng xung
quanh [17-18].

Mot s6 cu hinh dic trung cua tia plasma ap suét khi quyén (APPJ) duoc mé ta
nhu trong hinh 1.8. Trong tat ca cac cau hinh ctia budng phan g DBD, ludn c6 sy hién
dién cua mét hodc nhiéu 16p dién moi gitra cac dién cuc kim loai. Lop dién mdi nay
doéng vai trd quan trong trong viéc han ché luong dién tich di chuyén td1 cac dién cuc,
tir d6 ngan chin sy phat trién cia phong dién hd quang va giir cho plasma duy tri & nhiét
d6 phong. Khi qua trinh phong dién xay ra, 16p dién méi & cuc 4m va cuc duong sé dong
thoi tich liiy cc ion duong va electron di chuyén dén. Su tich tu dién tich trén 16p dién
moi nay lam giam dién trudng trong khong gian phong dién, tir d6 ngan can su di chuyén
ctia dién tich vé phia dién cuc va lam cho qué trinh phong dién DBD tu chdm dit. Trong
hinh 1.8 (a) va (b), dua trén cau hinh DBD, 16p dién moi thudong 1a dng thach anh hozc
6ng nghi¢m thuay tinh, dugc bao phu bé1 mdt cap dién cuc lam tr nhom. Dién cuc ndi
dat dugc b dinh chic chian bang keo polytetrafluoroethylene (PTFE). Ngoai ra, mot cAu
hinh khac dugc mo ta trong hinh 1.8 (c) va (d), khi st dung que dién cuc cao ap bén
trong 6ng di€én moi1 va bén ngoai co thé duoc pht mét cdp dién cuc lam nhiém vu ndi
dat, hodc khong co. Hau hét cac APPJ dugc tao ra bﬁng cach su dung cac khi hiém nhu
helium (He) hodc argon (Ar), két hop voi mot ngudn dién ap cao dé tao ra tia plasma.
Plasma ndy chira nhiéu loai oxy va cic phan tmg nito khac nhau. Loai plasma ndy co
kha nang twong thich sinh hoc, vdi nhiét do khong khi khong vuot qua 40°C va véi nhiét
d6 thap nhu vay, tia plasma c6 thé kéo dai Ién dén vai cm [16, 19-20].

Bang 1.3 Cdc diéu kién hoat dong dién hinh phéng dién DBD trong khong khi [40]

Ty 1€ dién truong trén mat do khi

= 150 Td (p=1 bar, T=300 K)

E/N
bién ap (Vpp) 3-20 kv
Tan sb (f) 50 Hz-10 kHz
Ap suit (p) 1-3 bar
Khoang cach phong dién (g) 0.2-5 mm

bién moi

Thuy tinh (borosilicate glass) , st
Ceramic Al20s, ...

Do day cuaa vat liéu dién moi (d)

0.5-2 mm

Hang s6 dién moi (er)

5—-10 (glass), ..., 7000
(ferroelectrics)
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Céc thong s6 va dic tinh cua phong dién rao can dién méi (DBD) trong plasma
dugc thé hién nhu trong bang 1.3. Bién ap can thiét dé duy tri phong dién trong cac ciu
hinh DBD dao dong tir 3-20 kV, phu thudc vao khoang cach phong dién va vat liéu dién
moi. Tan sé cua phong dién thuong nam trong khoang 50 Hz-10 kHz, anh huéng dén
mat d6 ning luong va hiéu suat phong dién. Phong dién DBD thuong hoat dong ¢ ap
suit tir 1-3 bar, du dé duy tri cac vi phong dién. Pién mdi véi cac vat liéu dién moi nhu
thiy tinh borosilicate hoic stir Ceramic Al,Os ngin chin qué trinh phong dién hod quang,
duy tri nhiét &6 plasma thap, va gitt cho qua trinh phéng dién 6n dinh. Do day cua dién
moéi duoc sir dung tét nhat 13 tir khoang 0.5 mm + 2 mm, néu Iép dién méi qua mong s&
khong du d6 bén co 1y, tuy nhién néu qua day thi dién ap yéu cau dé duy tri qua trinh
phong dién s€ tang cao.

1.4.2. Pac tinh dién hoc cia phéng dién rao can dién moi

o Dién cuc cao ap Cy
Khoang cach . |
phong dién Nguon - Plasma

Ngudn )
cao ap Plasma\ Dién méi GD -
@ - cach dién _ RP
/ Cy

‘ Dién cuc ndi dit |

(a) (b)
Hinh 1.9 Cdu hinh ciia buéng phan #ng DBD dang phang va so dé mach dién
thay thé firong dirong

So dd thay thé twong duong cta phong dién man chin dién méi (DBD) dugc md
ta nhu hinh 1.9. Tir d6 thi dang séng dién ap va dong dién & hinh 1.10, khi dién 4p dat
1én cac dién cuc thap hon ngudng dién ap phong dién (Vgap(t)), buong phan ang DBD
hoat dong nhu mot tai dién dung véi dién dung twong duong 1a Cpep bao gom dién dung
cua lép dién moi Cq va dién dung cia khe ha khi Cq mac ndi tiép véi nhau, dong dién
trong giai doan nay chi 1a dong dién dung (idisp) gy ra boi su thay doi dién ap dit vao
10 phan tng va dong dién nay ty 1é thuan véi tée do cua su thay doi dién ap dat 1én 10
phan ang 1a (dVapp/dt). Khi dién ap tiép tuc ting dén ngudng phong dién, qua trinh ion
hoa xay ra trong khe ho khi, dan dén su hinh thanh kénh dan dién giira cac dién cuc.
Phong dién xay ra duoc biéu thi bang sy dong cong tic, cho phép dong dién phong dién
(iis) chay qua kénh plasma. Plasma phong dién tao ra mot kénh dan dién néi lién hai
dién cyuc va dugc duoc thay thé trong so do bang dién tro Ry nhu hinh 1.9 b, vai gid tri
dién tro thay d6i nhanh chéng theo thoi gian. Dong phong dién (igis) Xuat hién trong
khoang thoi gian tir khi bat dau xay ra phong dién dén thoi diém cham dat phong dién
1a két qua cua su dich chuyén c6 hudng cua cac dién tich trong ving khong gian phéng
dién. Cac dién tich nay di chuyén téi cac dién cuc, sau dé tich tu trén 16p dién moi, su
tich tu dién tich trén 16p dién mdi tao ra mot dién truong (Epsp) nguoc chiéu vai dién
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truong do ngudn dién &p bén ngoai (Ers) gy ra. Su nguoc chiéu cua hai dang dién
truong nay 1am cho tong dién trudng bén trong khe ho khong du dé duy tri phong dién
va 1am cho phong dién DBD ty chdm dat. Trong ntra chu ky tiép theo khi dién &p coa
ngudn bén ngoai dao nguoc cuc tinh, dién truong do dién &p cua ngudn bén ngoai sé
cuing chiéu véi dién treong cua 16p dién tich tich tu trén 16p dién mdi, ddn dén sy phong
dién tiép tuc s& xay ra theo chiéu nguoc lai. Dong dién iwt(t) trong mach khi c6 hién
tuong phong dién bao gom hai thanh phan: dong dién xép chong gém dong dién phong
dién (igis) c6 dang xung do sy dich chuyén c6 huéng cua cc hat dién tich ty do va thanh
phan tht 2 I duoc tao ra boi sy thay doi dién &p gitra hai dién cuc caa budng phan tng
DBD (idgisp) [21-25].

Veap (V)
VA 3 //ﬂ Vapp (t)
———————————— g ——cmn Theéi oi
Upl v [ M K T2 E
/ {Plasma} \\‘- e ”
Bat day I4is (1) < >

f Cham dirt i(lisp (t)

)
Thoi gian
Plasma tit
Xung dong dién
Hinh 1.10 Bdc tinh cua dong dién va dién ap [24-25]
Pién dung tong thé cia DBD-Jet duoc thé hién nhu cong thic (1.5)
_ CaCg
CDBD - Cq+Cq (15)
Trong d6 C4: Dién dung I6p dién méi, C; = % (1.5 a)
NG
Cy: Pién dung khe ho khong khi phong dién, C, = Z’Z:EfS’L (1.5 b)
1 1 . C
Va(®) = P Q(t) = o J igis (DAt = Vapp(t)-ﬁ (1.6)
1
Voap () = Vapp (1) — P Q(t)
= Vapp (t) - Vd(t) (17)
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itot(t) = idis(t) + idisp (t) (18)

. Cq\ . .

ldis(t) = (1 + FZ) ltot(t) - Cgldisp (t) (19)

iror (1) = diit) (1.10)
AVapp(t)

laisp(t) = Cppp " (1.11)

Trong d6, cdng thic 1.9 1a cdng thirc thu gon, dé giai tich mach cho két qua iais (t),
két hop st dung cong thire 1.10 va 1.11:

. 1 dQ(t) aVppp(t)
iqis(t) = T Cosp X [ — Cpap —D:tD ]
Cc

dt
d

_ 1 dQ(®) _ Catg , 4Vpep(®)

Cd-Cg dt  Cq+Cg dt

1 LatCe

Ca

_ Cq dQ(t) _ Cd.Cg % dVppp(t)
g — —ace dt  Cq+Cq dt
Cd + Cg

_ Ca?+Cq.Cg % de(t)  CaCg 5 dVppp(t)

=1+

C4.Cg x de(t)  CaCg 5 dVppp(t)
Cq? dt Ca+Cg dt

C : X
- (1 + —g) 200 _ ¢ oD ¢y ciing o duoc két qua nhu

’ a cq/ dt 9 at
cong thtrc so (1.9).
Trong do:
V.pp: Dién ap ngudn cao ap dit vao
Vyap: Dién ap khe h¢ gitra hai dién cuc (khe hé khong khi)
V,;: Dién ap qua dién moi DBD
V, (Up): Ngudng dién ap phong dién
[4is: DOng dién phong dién
iqisp: DONg dién dich chuyen

iror: DONg dién khi c6 phong dién bao gom hai dong dién xép chong 1a dong
dién phong dién va dong dién dich chuyén.
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1.4.3. Ning lwong va cong suit tiéu thu

Q

Plasma tat

Plasma xuit hién

Plasma xuat hién

W = Cppp

Hinh 1.11 Biéu do Lissajous Q-V [24]

Trong qua trinh tao plasma, dién dung la mot tham sé quan trong vi né giap kha
nang tich liy dién tich cua mot 16p plasma khi chiu tac dong bai mot dién truong. Viéc
tinh toan, do ludng ton hao dién ning trong plasma 1a diéu can thiét. Boi vi dién ning
tiéu thu trong plasma khdng chi bao gdm ning luong can thiét dé duy tri qua trinh ion
hoa, ma con bao gom cac ton hao ning luong dudi dang buc xa, nhiét, va cac va cham
khong dan hoi. Biéu do Lissajous nhu hinh 1.11, duoc st dung trong bdi canh phong
dién rao can dién moi (DBD), 1a mot cong cu quan trong dé do cong suat tiéu thy trong
phong dién plasma. Phwong phap nay lién quan dén viéc vé dd thi mdi quan hé gitra dién
tich, tich 1ty trén tu dién va dién ap qua cac dién cuc cua 1o phan tng DBD. Hinh dang
ctia biéu d6, thudong 13 hinh binh hanh, cho phép tinh toan ning lwong tiéu thy trong chu
ky phong dién.

Biéu dd Lissajous duoc tao ra bing cach do mdi quan hé dién tich-dién ap (Q-V)
trén hé thong DBD. Méi quan hé nay c6 thé duoc thu thap bang cach st dung mét tu
dién (duoc ky hiéu 1a C,,) dat ndi tiép trong mach phong dién va vé do thi sy sut dién
&p trén tu so véi tong dién 4p dat vao cac dién cuc. Phuong phap nay thuong duoc goi
1a "phuong phép tu dién" dé do cong suat thay vi tinh nhu phuong phap thong thuong
[22-26].

Trong hinh 1.11 thé hién: Puong AB va CD di biéu dién trang thai khi plasma
chua xuét hién (dong dién dung). Khi d6, hé théng chi hoat dong nhu mét tai dién dung
vé6i dién dung tong Cpep. Dong dién nay 1a dong dién dung (idisp) gy ra boi su thay doi
dién ap theo thoi gian da duoc trinh bay ¢ muc 1.4.2. Boan BC va DA la wong ung Vi
giai doan plasma xuat hién. Khi dién ap dat dén ngudng phong dién, plasma dugc hinh
thanh giita hai dién cuc va su ion hoa xay ra trong khe ho. Tai thoi diém nay, dong
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phoéng dién duoc biéu dién boi doan BC va DA, noi ma plasma dong vai trd nhu mot
kénh dan dién véi dién dung Cq nhu duoc Ky hiéu trén hinh 1.11.

Hai diém chuyén giao giira doan xanh va do: Biéu didn thoi diém plasma tit va
plasma xuat hién, noi ma cac dién cuc bat dau va két thic qua trinh tich tu dién tich. Cac
thong s6 nhu Cq va Cq 6 thé duogc suy ra tir &6 dbc cua cac doan trén biéu do Lissajous,
gilp phan tich hiéu qua va dac tinh caa plasma. Qua ¢, cac cong duoc st dung dé tinh
toan ng dung cho phuong phap nay.

Cong suat tirc thoi qua DBD:

Pinst—ppp (£) = Vapp (£ i10¢ () (1.12)
Dong dién chay qua tuy:

V(£ = Vi (£) 22 (1.13)

i (£) = Cpy 220 (1.14)

Cong suét tic thoi qua tu dién C,,:

AV (t)
dt

Pinst—ppp(t) = V. Gy & P t&c thoi qua DBD  (1.15)

bién tich Q tich luy:

Q(t) = C,,.V, (t) hoac tich phan i, (t) theo thoi gian (1.16)
Nang lugng tiéu thu qua DBD-Jet:
T
Epgp-jet = fo Pinst—ppp (£) dt (1.17)

Cong suat trung binh theo thoi gian duoc tinh dya vao cong thic (1.12) theo thoi
gian va mdi quan hé & cong thire s6 (1.13) ta co:

Pavg = f. EDBD—]et =f.5 (1.18)

Plasma trong céc hé théng phong dién trai qua qua trinh nap-xa dién tich. So dd

Q-V cung cap thong tin vé mic d6 va tdc do nap-xa dién tich trong hé thong, cho phép
danh gia tinh hiéu qua cua qua trinh phong dién. Bang cach theo di chu trinh nap-xa
thong qua so dd Q-V, chung ta co thé t6i uu hoa diéu kién plasma dé giam thiéu tiéu thu
dién ning va t6i uvu hoa hiéu suit, trong d6 S la dién tich bén trong cua biéu do Lissajous.
Diéu nay dic biét quan trong trong cac ang dung cng nghiép noi viéc tiéu thy dién nang
thap 1a yéu t6 quyét dinh dén chi phi van hanh.
1.4.4. Ung dung thuc tién

Tia plasma &p suét khi quyén da duoc &p dung thanh cong trong nhiéu linh vuc y
sinh va néng nghiép. Mot sé vi du ndi bat 1a tng dung trong qua trinh khi trung thiét bj
y té, noi tia plasma c6 thé tiéu diét vi khuan ma khong can sir dung nhiét d6 cao. Diéu
nay mang lai logi ich 1on trong viéc bao vé cac vat liéu nhay cam khoi nhiét do cao va
duy tri hiéu qua khtr trung.
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Trong linh vyc ndng nghiép, APPJ di duoc sir dung dé kich hoat hat giéng, tir d6
cai thién ty I nay mam va tang truong cay trong. Nghién ciru cho thay rang xir ly bang
plasma gitp kich thich sy nay mam cua cac loai hat nhu cai ca, ca chua va 6t ngot. Tuy
nhién, viéc téi wu hoa thoi gian xu Iy 1a rat quan trong, vi qua trinh xir Iy qua 1au c6 thé
gay anh huong dén sy phat trién cua cay trong.

Mot s6 tng dung da dugc tham khao va trich dan. Trong nghién ciru nay, da huéng
dén cac ung dung thuc tidn cho hudng phat trién cua dé tai sau khi danh gia cac dic tinh
dién hoc ciia md hinh thi nghiém, duoc thé hién nhu bang 1.4.

Bang 1.4 Téng quan vé cac iing dung cua tia plasma &p sudt khi quyén

Loai phéng | Piéu kién dai dién | Apsuat | Nhiétdd | Ungdung Tai
dién (Loai khi, bién ap, khi ligu
Nguon, Cau hinh tham
thi nghiém) khao
Tia plasma | Khi: He/O2/N»; Bién | 1atm | Tdida 50.8 | Y sinh (khir
ap suatkhi | &p:P=25W, 2.45 °Ctrénbé | trung, chira
quyén GHz; Nguén: Vi mat nga lanh vét [27]
(APPJ) song (Microwave); rang, 20 °C | thuong), nong
Cau hinh: Bién cuc trén bé mat | nghiép (nay
hinh tru dong tam mam hat)
Plasma ap Khi: Khéng khi, 1 atm Nhiétdd | Y hoc, néng
suat khi Oxy, Nito, Heli, phong nghiép, thuc
quyén lanh | Argon; Nguon: Tan pham
(CAPP) s6 radio (RF) hoic [28]
Vi séng (MW); Cau
hinh: Bién cuc hai
tam hoac dong tam
APPJ xtr ly | Khi: He, Ar; Nguon: | 1 atm Ning luong
vat lieu xép | APPJ siéu téc do; (thu hoach va
cho thu Cau hinh: Cau trdc - luu trit nang | [29]
hoach niang | dau phun plasma luong)
lugng
APPJchoy | Khi: He, Ar; Nguon: | latm | Tida50 | Y sinh (bién
hocvaxu ly | Tan s radio (RF) °Ctrénbé | doibé mat,
bé mat hoac Vi séng (MW); mat chira lanh vét | [30]
Cau hinh: Bién cuc thuong)
hinh tru déng tam
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Trong nghién cieu nay, mét sé6 &ng dung dwoc hwéng dén sau khi danh gia anh
hwéng cia chat khi dic tinh dién hoc

DBD-APPJ | Ngudn: AC, 0~15 1 atm Nhiét d6 | Bao quan rau
kV; f=50 Hz; Khi | (4psuit | phong cu, diéu trj

Argon; Cau hinh: khi (Phong thi | vét thuong va
bién cuc ndi 6ng quyén nghiém kich thich -
thay tinh. cao ap tai | tang truong
truong trong néng

DHSPKT) nghiép
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CHUONG 2: CAC LOAI CHAT KHI, VAI TRO VA ANH HUONG TRONG
QUA TRINH TAO PLASMA

2.1. Giéi thigu mot so6 loai khi hiém

Trong qué trinh tao plasma &p suat khi quyén, chat khi dong vai trd quan trong
trong viéc quyét dinh cac dic tinh cua plasma nhu kha niang ion hoa, nhiét d6 plasma,
mat do electron va d6 on dinh, ciing nhu 14 cac dic tinh dién hoc. Céc loai khi thuong
duoc st dung trong qua trinh nay bao gom céc loai khi tro nhu Helium (He), Neon (Ne),
Argon (Ar), va ca Oxygen (O2) va Nitrogen (N2). Mai loai khi c6 vai tro va ang dung
riéng, phu thudc vao tinh chit caa chdng. Hinh 2.1 cho thidy mau séic, cuong d6 phat
sang cua moi loai khi trong qua trinh tao plasma cé su khac nhau rd rét.

Hinh 2.1 Mét sé logi khi hiém

2.2. Tinh chat va anh hwéng caa cac loai khi hiém

Helium: La khi nhe nhét va c6 ning luong ion hoa cao nhit (24,6 eV). Plasma
helium thuong cé nhiét @6 thap va dugc stir dung nhiéu trong cac quy trinh khir trung va
xtr Iy bé mat yéu cau do chinh xac cao, it tic dong nhiét.

Argon: Co niang luong ion héa thap hon (15,8 eV), dé dang tao plasma hon
helium va dugc trng dung rong rai trong cac quy trinh han hd quang, cit plasma va xir
Iy kim loai. Argon gitp duy tri tinh 6n dinh ctia plasma ngay ca & ap suit cao.

Xenon va Neon: Ca hai khi nay thuong dugc dung trong cac ung dung lién quan
dén phat sang. Xenon c6 ning luong ion héa thap hon helium va argon, cho phép n6
phat séng manh hon khi duoc ion hoéa. Neon dugc sir dung nhiéu trong dén neon nho
kha nang phat sding mau do dac trung.

Cac khi hoat tinh la Oxygen va Nitrogen: Oxygen thuong dugc stir dung trong cac
quy trinh khir tring nhd kha ning tao ra cac gbc ty do manh, da dugc giéi thiéu thém &
chuong 1, gitip tiéu diét vi khudn va 1am sach bé mat vat liéu. Nitrogen 1 khi hoat tinh
thuong dugc str dung dé bao vé bé mit kim loai khoi su oxy hoa va trong cac quy trinh
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xtr 1y nhiét. Khi ndy ciing dugc dung trong nhiéu qué trinh plasma xir Iy nhiét trong cong
nghiép.

Tir bang téng hop 2.1 cho thy rang, mdi loai khi c6 sy khac biét rd rét vé mirc
d6 ion hoa va tinh chat plasma bao gff)m nhiét 0 va mat do electron. Argon tao ra plasma
cO nhiét do cao hon do nidng luong ion hoa thép, trong khi helium tao ra plasma nhiét
do thép nhung on dinh hon. Pdi v6i mat do electron, helium cung cép mat do electron
thip hon so voi argon, diéu nay lam cho Argon thudng dugc wa chudng hon trong cac
mg dung cong nghiép yéu ciu plasma nhiét do cao. Ngoai ra, anh hudng cia ap suit
khi quyén dén tinh chit plasma cua céc loai khi tro dugce xem xét. Khi 4p suét ting, nhiét
do va mat do electron trong plasma cua argon, helium va xenon ciing tang, dac bi¢t 1o
rang v4i argon.

Biéu d6 hinh 2.2 minh hoa su khéc biét gitra nang luong ion héa, nhiét do plasma,
va mat do electron cua cac loai khi hiém dugc st dung trong qua trinh tao plasma. So
sanh nang luwong ion hoa giira cac loai khi, helium c6 nang luong ion hoa cao nhét, trong
khi xenon ¢ ning luong ion hoa thap nhat. Thir hai, so sanh nhiét do plasma giita cac
loai khi, argon va nitrogen c¢6 nhiét do plasma cao hon so voi cac khi khac. Cudi cung,
so sanh mat dd electron gitra cac loai khi, argon c6 mat dg electron cao nhét, phu hop
voi1 viéc tao plasma nhiét do cao va 6n dinh trong cong nghiép.

Nang lugng ion hda

—e— Nang luong ion héa

N NN
o N4
o un o

Nang lugng ion héa (eV)
e
w ~N
o un

1
N
0

Nhiét do plasma

—a— Nhiét do plasma

6500

Nhiét doé plasma (K)
[e)}
o
o
o

5500
5000
Khodng mat do electron
19
"T 10 Khoang mat do electron
g —a— MAat d6 electron nhé nhat
c 1018l ¥ —»— Mat dé electron I6n nhat
[e]
9]
(]
@ 1017}
©-
L]
o
= 1016t i i . . \
Xenon Oxygen Nitrogen Argon Neon Helium
Cac loai khi

Hinh 2.2 So sanh nang lwong ion hoa, nhiét dé plasma va mdr d¢ electron
cua cac loai khi
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Bang 2.1 Bdng téng hop va so sdnh dac tinh cdc logi khi [31-35]

Loai khi Ning lwgng ion Nhiét dg plasma Mat do electron
héa (eV) (K) (cm™)
Xenon 12,1 4500 — 6500 107 —10'®
Nitrogen 14,5 6000 — 8000 107 — 108
Oxygen 13,6 5000 — 7000 108
Argon 15,8 6000 — 8000 108 — 10"
Neon 21,6 5000 — 7000 10"
Helium 24,6 4000 — 6000 10 — 10"

2.3. Phan loai phan wng cia cac loai mang dién trong chat khi

Dua trén nang luong ion hoa, nhiét d plasma va mat dg electron cua céc loai khi
trong bang, cac phan mg lién quan dén ion hoa, tai két hop va kich thich va cham la
nhimng phan tmg phd bién trong vat 1y plasma. Nang luong ion hoa cho biét mirc ning
lugng can thiét dé ion hoa cac nguyén tir trung hoa cta cac loai khi nay, trong khi nhiét
d6 plasma va mat do electron anh hudng dén téc do ciia cac phan tng nay. Dudi day l1a
cac phan uing cua cac loai mang dién cho ting loai khi tir bang 2.1. Trong moi truong
plasma, céc loai khi ndy trai qua cac phan tmg ion hoa, phan ly va tai két hop, véi su
tham gia ctia cac loai mang dién (ion duong va electron). Cac phan trng nay dong vai
tro quan trong trong cac rng dung cua plasma.

Bang 2.3 trinh bay cac phan ng va vai tro caa hdn hop khi, cha yéu duoc trinh
la gitra oxy vai cac khi khac. Argon khong tham gia vao phan @ng hda hoc truc tiép voi
oxy nhung ¢0 vai trd hd trg quan trong trong viéc duy tri plasma. Trong plasma, cac ion
argon Ar* hoic cac nguyén tir argon bi kich thich Ar+ c6 thé va cham véi céc phan tir
OXY Va giup tao ra cac loai phan trng nhu oxy nguyén tir O* hoac ion oxy O>*. Helium
khong phan {mg truc tiép v6i oxy, nhung gitp hd trg qua trinh plasma bang cach ting
cuong va cham giita cac hat va 6n dinh plasma. Do tinh chét tro ctia n6, helium thuong
dugc st dung nhu mot khi mang dé duy tri plasma ma khong gy ra nhiéu phan ung
khong mong mudn.

Tinh chét hoa hoc: Argon c6 nang luong ion hoa thap hon helium, nén dé bi ion
héa hon trong plasma. Diéu nay gitip argon dé dang tham gia vao qua trinh duy tri
plasma va hd trg cac phan tmg oxy héa hon. Helium véi ning luwong ion héa cao, it bi
ion hoa hon nhung gitp duy tri plasma 6n dinh hon nho tinh chét tro ciia no.

Hiéu qua trong plasma: Ar/O: dugc st dung phd bién hon trong cac ting dung
plasma cong nghiép vi kha niing ion hoa va hd trg phin ng manh hon cua argon. He/O-
chu yéu dugc st dung trong cac trng dung plasma ap suat thap va cac quy trinh can sy
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6n dinh hon 1a phan g manh, chang han nhu trong khtr tring hodc trong tri lidu ho
hap.

Ung dung: Ar/O: thudng dugc st dung trong cat kim loai, xir 1y bé mit, ling
dong mang oxit. He/O: duoc st dung trong y t& va plasma ap suét thap trong cac qua
trinh xtr 1y nhay cam hodc can su on dinh cao. Bang 2.4 tham khao mot s6 tng dung da
dugc nghién ctu dé xem xét dén tinh hiéu qua tng dung va vai tro cua cac hdn hop khi.

Puoc trich dan tir cac nghién ctu, cho thiy tinh tng dung cao va hiéu qua.

Bang 2.2 Phan logi phan ing cua cdc logi chat khi

Loai khi Phan w&ng ion héa | Phan &ng tai két hep | Phan wng kich thich
Heilum He+e —He"+2e~ He*+e"—He Khong c6
Argon Ar+e —Art+2e- Art+e —Ar Arte —Ar—+e”

Neon Ne+e —Ne*+2e~ Ne*+ e —Ne Ne+e —Ne*+e~

Oxygen O2te —02 +2e” O2f+e —0; lon hoa phéan ly

Nitrogen Note —N2*+2e” N2+ — N> lon hoa phan ly
Xenon Xet+e —Xe*+2e” Xe*+e —Xe Xet+e —Xe*+e~

Bang 2.3 Cdc phan vng Ciia hon hop khi
Hon hop | Phan wng ion héa va | Truyén ning lweng | Phan wng cia Oxy
khi kich thich (He, Ar) sang Oxy trong plasma
Heilum/O, Het+e —He™+2e” He*+02—He+20+ O2+te —20*+e”
Argon/O; Arte —Art+2e” Ar+0,—Ar+20* Oo+te —20*+e”
Nitrogen/O> Hinh thanh NO va NO2: N2+ O*—NO+ N*
N*+ O.—NO+ O*
NO+0O>—NO:-

Bang 2.4 So sanh hén hop khi Ar/O:va HelO: trong cdc iing dung plasma

Tai ligu biéu Tinh Tinh Phwong Két
tham kién thi wng dung mai phap qua dat
khao nghiém dwoc

[36] Ap suatkhi | Ungdung | So sanh kha Plasmadp | Ar/O: c6 tdc
quyén, tin | trong ché | nang khic bé suat khi d6 khic
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s6 RF 13.56 tao vi mit gitra quyén, phan | nhanh hon
MHz, 0,20- | mach, khic | He/O:va | tich AFM bé | nhung giy
80 % vat liéu Ar/O: trong mat. hu hai,
trong cong khéc He/O: dong
nghiép ban | photoresist. déu hon.
dan.
Ar/Oz cb
Una dun So sanh dac Plasma ap nhiét do cao
: I g A g tinh plasma suat khi hon He/O:
Apsuat khi | trongcbng | .. . 2 \
uyén, RF nghé y t& gitra AI‘/Oz‘ va | quyén, do khoang 100
371 | AW ey He/O.vé | phan bé nhiét | K, hiéu qua
13.56 MHz, va khu P Al A«
. nhiét do va su do bang truyén nang
02 1% trung NS 2 )
lasma phan bo nhiét | quang pho lugng cua
P ' do. phat xa. Ar/O:2 cao
hon.
Ar/O: gay it
Plasma RF, Tac dong Téc dong cua Plzfsm,a RF; hu hai h(m
Y cua plasma ~ .. | phan tich bé He/O: cai
[38] apsuatthap, | .. . .. | plasmalén bé y o i n
Ién bée mat o mat Si sau Xt | thién tinh
02 10-40% . mat Si , £, a:n A
Si ly chat di¢n bé
mat.
He/O: khtr
triing tot
Plasma RF | Ung dung Plasma RF, | hon & nhiét
[39] ap suat khi | khirtring | Soséanhhiéu | phan tich vi do thap,
quyén, O: plasma | qua khar trung | sinh vat sau Ar/O2 khir
10-50% trong y té xu ly manh hon
nhung ton
hai mo
Xt Iy bé Plasma RF, Ar-0O; tao
Plasma RF, | mat nhom Oxi héa phan tich I6p oxit day
[40] O:tir20- | trongsan | nhdmtrong | quang phd, | vadéuhon
50% Xuat cong plasma hinh anh trén bé mat
nghiép SEM nhom.

2.4. Panh gia tac ddng ciia cac chat khi dén dic tinh dién hoc

Trong qué trinh tao plasma, sy anh huéng caa chét khi dén dic tinh dién hoc qua
cac thong sb dé xem xét qua trinh ciing su 6n dinh cua plasma c6 thé duoc ké dén. Bang
2.5 trich dan cac nghién ciru truée d6 vé anh huong cua chat khi dén plasma. Loai khi
st dung, da duoc trinh bay dau chuong 2, muyc 2.1-2.3, anh hudng truc tiép dén kha
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nang ion hoa, dan dién, va tao ra cac phan mg hoa hoc trong plasma. Dong dién va di¢n
&p: Cac chét khi tac dong 1én ngudng dién ap va cuong d6 dong dién can thiét dé tao va
duy tri plasma. Diéu nay bao gém dién thé pha v& (breakdown voltage) va dic tinh cta
dong di¢n (dong DC, AC, hodc xung).

Cong suit: Cong sudt cung cap cho plasma quyet dinh nang lwong phan bd trong
plasma. Mtrc cong suat khac nhau s& anh huong dén hiéu suat ion hoa va sy phat trién
cua cac hat mang dién.

Thoi gian duy tri plasma: Thoi gian plasma ton tai c6 thé thay doi tury thudc vao
loai khi, cling nhu sy 6n dinh cua hé thong dién ap va dong dién.

Luu lugng khi: Tdc do luu luong khi anh hudng dén su phan bd cac hat ion,
electron va su va cham trong plasma, tdc dong truc ti€p dén mat do plasma va cau trac
cua tia plasma.

Nhiét dg electron va ion: Nhiét d cua electron va ion bi anh hudng boi loai khi
va cac diéu kién xung quanh, diéu ndy anh huong dén ning lugng cta cac phan tng xay
ra trong plasma.

Dang song cua dién 4p va dong dién: Dang song cua dién tac dong dén tinh chat
ion hoa cua plasma, dong thoi anh huong dén hiéu qua phat xa dién tir va sy phan bd
nang luong trong plasma.

Bang 2.5 Tong hop cdc thong sé thi nghiém va danh gia U-1 trong nghién civu plasma

Tai ligu Piéu kién Loai Gia trj U Po rong | Muc dich nghién
tham thi nghiém khi do dugc / Xun cuu
khao gnit Cong suat g
Panh gi4 tinh 6n
A U: 4-5 kVp, I: dinh cua plasma,
Nguon R . s R
khong co xac dinh cong
xung cao thong tin suat, kiém soat
[16] the, tan so | Helium . . 260 ps NV
chinh xac, nhiét d6 va nang
2 kHz, 3 R L. o s
sIm Cong suat: luong, phan tich
15-25 W dac tinh cua
plasma
‘I\AIQUOn Danh gi4 tinh 6n
dién xoay . .
chidu. tn dinh cua plasma,
5 a0 i(H U: 7.5 kVp-p, do dac dong dién
[17] | 30 °2KP% | He/O, | Congsuét: 27 | Khongco |  phong dien va
dien ap W uang phé phat xa
dinh 7.5 ! uang hoc, Xac
KV, khi duang noc, xa
) dinh sy anh hudng
Helium
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100 sccm

cua céc loai oxy

va Oxy hoat tinh (ROS)
100 sccm
Ngudn - U: 1.85-2.3
Khi: N , s
[21] Xungkdonﬂ Helium k}/f)-p, Cong 4.0-25 pis banh gl.a} nang
cuc, tan so 9.8 slm suat: 1.14-1.7 luong di¢n tiéu
50 kHz W
Nguon Panh gia sy hinh
DBD, tan thanh tia plasma,
s6 12 kHz, Khong oo | Xac dinh chiéu dai
[37] dién &p Helium | U: 7.5 kVp-p théonr;gt;:r(\) tia plasma, nghién
dinh 7.5 ctru dac tinh phéng
kVp-p, khi 4 dién thong qua cac
sim dong dién xung
Nguon RF, Dénh gia hiéu suat
tan s6 truyén ning luong
1356 | A0z | 205 va dic tinh phéng
MHz, cong | He/O2 | (Argon/Oxy) dién gitra cac khi
suit 150 1A val7A N Argon/Oxy va
[41] W, khi I;}(Z)rlfg (HeIium/Ogy) Khong c6 Helium/Oxy, phan
Argon/Oxy nhic , Cong suat: tich su khac biét
va aén 150 W gitra cac dang séng
Helium/Ox U-1 va hiéu qua
y truyén nang lugng
Nguon
xung hai Panh gia tinh 6n
[42] | cuc, tan sb U:1.9 dinh cua plasma,
50 kHz, | Helium kVrms, 5.5 S xéc dinh dac tinh
dién 4p 1.9 I: 0.26 A dién hoc va quang
kVrms, khi hoc cua plasma
1slm
Nguén DC Khi- Danh gia 1’1’1-@'[ do
xung don | Helium elleitron"[hn"hlét do
A & N electron thdng qua
[43] Clu;cétigio > :\Irmo\ria U: 8.5 kVpp 25us | quang phd phét xa,
dién 4p 8.5 bigén nghién cuu su gia
Voo | thign ti tang cdc loal

hydroxyl khi thay
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0-2000
sccm

d6i Iuu lwong khi
argon

Trong nghién ciru nay

Ngudn AC,
0~15
kKVAC, tan
s6 50 Hz, 1
atm

Khi
argon,
1,3,5

slm

Dién ap:Vpp
~ 2-8 KV
Cac két qua
thu duoc trinh
chi tiét &
chuong 4

T=20ms

Thiét 1ap mo hinh,

danh gia dac tinh

dién hoc, hudng

dén cac tng dung
thuc tién.
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CHUONG 3: THIET KE MO HINH TAO TIA PLASMA DUOI AP
SUAT KHI QUYEN
3.1. Gioi thiéu chung

Tia plasma ap suat khi quyén hién dang 1a cha dé nghién ctru thu hat s quan tam
I6n trong cac linh vuc y sinh, méi trudng va cdng nghiép nho kha ning tao ra cac goc
tu do phan ing manh mé& ma khdng yéu cau hé théng chan khdng phic tap. Trong nghién
ctru nay, APPJ duoc tao ra dya trén nguyén ly phdong dién rao can dién moi sir dung khi
argon lam chat khi chinh. Cau hinh DBD khéng chi gidp duy tri s 6n dinh cua plasma
ma con cho phép kiém soat cac dic tinh cua plasma thdng qua viéc diéu chinh céc thong
sb nhu dién ap, tan sd va luu lwong khi. Md hinh thi nghiém st dung cau hinh véi hai
dién cuc, bao quanh boi mot 16p dién moéi nhu thach anh hodc thay tinh, nhim ngan
chan hién tuong hinh thanh hd quang khdng mong mudn. Qua trinh phéng dién DBD
trong moi trudng khi argon cho phép tao ra plasma 6n dinh véi nong do cao cua céc loai
phan ung, bao gom cac hat tich dién, cac gbc tu do c6 hoat tinh cao, va bic xa UV.
Nghién ctru nay tap trung vao viéc khao sat anh huong cua dién ap va luu luong khi dén
dic tinh dién hoc cua plasma, giup danh gia cac yéu té anh hudng dén kha nang 6n dinh
va tinh dong nhat caia plasma trong qua trinh &ng dung.

Két qua thi nghiém nham danh gia cac anh huong, khi ting bién do dién ap dén
dong dién phong dién, mat d6 ion hda trong plasma,...Mat khac, xem xét vai tro cua luu
luong khi argon trong viéc duy tri plasma 6n dinh, cho phép duy tri plasma & dién ap
cao nhung c6 thé gay ra sy bat on do tdc o dong khi I6n anh hudng dén qué trinh ion
hoa. Ngoai ra, dé phén tich va danh gia cac dic tinh dién hoc ciia plasma, phwong phap
biéu do Lissajous dugc &p dung nham biéu dién méi quan hé giita dién ap va dién tich
trong hé théng DBD. Phuong phap nay cung cap thdng tin chi tiét vé sy thay dbi dién
ap va dong dién qua cac giai doan cua qua trinh phong dién, tir @6 giup xac dinh hiéu
suat va tinh 6n dinh cua plasma. Viéc sir dung nguon dién cong nghiép véi chi phi thap
trong cau hinh thi nghiém nay gip giam thiéu chi phi san xuét plasma, dong thoi ting
kha niang tng dung. Cac két qua thu duoc tir nghién ciru s& gop phan vao viéc ti wu hoa
diéu kién van hanh ciaa APPJ, mé rong tiém nang ang dung trong céc linh vyc thyc tién
Va cung cap nén tang cho céac nghién ctu tiép theo.

3.2. Thiét ké mé hinh thi nghiém
3.2.1. Cic thiét bi sir dung
a. May bién ap bién do6i 1 pha LiOA:

May bién ap bién d6i 1 pha duoc st dung cho cac nhu cau thi nghiém nghién ctru,
kiém thir... Hodc trong nhitng diéu kién dién ludi khac biét. Pay 1a bién ap vo cip, ¢o
tac dung gitr dién ap 1 pha dau ra & 1 mic nhat dinh. Dao dong trong khoang tir 0V dén
250 VAC, dugc thé hién nhu hinh 3.1, va bang 3.2 thé hién thong suat ki thuat cua thiét
bi.
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Hinh 3.1 Mdy bién dp bién doi 1 pha LiOA
Bang 3. 1 Thong so ky thudt ciia mdy bién dp bién doi 1 pha LiOA

Model SD-2515
Cong suat 3.3 kVA
Dong tai t6i da 15 A
bi¢n ap vao 220V
bi¢n ap ra 0~250 V
Kich thuéc 27 X 24 x 25 (cm)
Trong luong 18 kg
Tan so 49 ~ 62 Hz
Dai nhiét hoat dong -5°C ~ +40°C

Do cach dién

Lén hon 3 MQ 6 dién 4p 1 chiéu 500 V

Do bén dién

Kiém tra ¢ dién 4p 2000 V trong vong 1 phit
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b. May bién ap cach ly 1 pha

May bién ap cach ly 1 pha Ia ngudn chinh phia thir cdp dé cung cap ngudn dién
cao ap cho mé hinh thi nghiém, véi mirc dién ap dinh mie dau ra la 15 kV. May bién
ap duoc kiém dinh cac théng sb k§ thuat dat chuan mac an toan dién khi dua vao sir
dung va van hanh. Hinh anh may bién 4p va cac théng sé k¥ thuat lién quan dén thiét bi
da dugc mo6 ta nhu hinh 3.2.

Hinh 3.2 May bién ap cach ly 1 pha
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c. Bién dong (CT-Current transformer) [44]

gl

4.0

Hinh 3.3 Bién dong Pearson 6585

Current monitor 6585 1a mot thiét bi giam sat dong dién c6 do nhay 0,5V/A vao
50 Q. N6 ¢6 kha ning do dugc dong dién t6i da 1én dén 500 A va dong dién hiéu dung

tdi da 1én dén 10 A.

—— 1/4-20, 0.3 DEEP, 2 HOLES

Thiét bi nay duoc st dung dé quan sat va do ludng dong dién tir vai mA cho dén
hang ngan A. Két nbi vai may hién song so (Oscilloscope) qua dau do dién ap thu dong
TPP0101 100 MHz dé thu dong dién hién thi dudi dang song.

Bang 3.2 Thong sé kj thudt cia CT

Do nhay 1 VIA +1%
bién tro dau ra 50 Q
Dong dién cuc dai 500 A
Dong dién hiéu dung cuc dai 10 A
Thoi gian tang co thé sir dung 0,3 %/us

I+t toi da 0,002 A s c6 do léch
Tan sb thap 3 dB cit 400 Hz
Tan sb cao +3 dB ~250 MHz
1%t t6i da/xung 5A2s

Két ndi dau ra

BNC (UG-290A/U

Nhiét do

0-65°C

Trong luong

0.68 g
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d. Pién tré shunt [45]:

Hinh 3.4 Dién tro shunt

BPC10100J 14 dién tré cong suat phang khéng cam ung 10Q 10W 16p mang day
ruthenium oxide vai 96% alumina va chi hop kim déng thiéc han. Cong suat mang dién
tré BPC series duoc tan ra trén bang mach va dung sai 5%.

Théng sé ky thuat: Mat do cong suét cao, han nhiét do thap, linh hoat bé tri bang
mach, dé& chay va dién tré cong suat cao.

Bang 3.3 Thdng sé ki thudt chi tiét cia dién tré shunt

Danh muc

bic diém ky thuat

biéu kién

Dai cong suat

3W, 5W, 7.5W & 10W

@ ambient temp < 70°C

bién ap max

300Vac, 500vDC

Pham vi gia tri dién tro

0.1Q to 200 KQ

TCR 100 m/°C -55 ~ +155°C va trén 1Q.
Dung sai 10, optional +/-5% , 1%,
2%
Dai nhiét d6 -55 ~ +155 °C
bién ap cach di¢n 5000 V

Co hoc

AR +/-0.25 %

100G




Rung dong AR +/- 0.25 % 20G, 10 to 2KHz
Tai AR +/-2.0 % 70°C, 90 min. ON, 30
min.OFF, 1000 hours
Do am AR +/- 0.5 % 85°C, 85% RH, DC 0.1W,
1000 hours.
Nhiét do AR +/- 0.5% -55°C, 30 min.,+155°C 30
min., 5 cycles
Nhiét do han AR +/- 0.25 % 260+/-5°C, 10 seconds
Kha nang han Min 95% 230+/-5°C, 5 seconds
bién tré cach dién > 1000 MQ

e. Tu dién cao ap [46]:

(@) (b)
Hinh 3.5 Tu dién cao dp (a) hinh anh 2D, (b) hinh dnh thyc té cia tu
Théng sb k§ thuat:
+ bién dung: 1300 pF
+ Dung sai dién dung: + 10
+ bién ap dinh muc DC: 40kV

Théng sb dic trung cua cac ma sb cua tu dién khac nhau. Cac thong sb dugc tham
khao dua theo catalouge ma nha san xuat dua ra dugc thé hién nhu bang 3.5.
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Bang 3.4 Thong sé dac trung ciia cac md soé cua tu dién

partNo, CaPacitance Capacitance DCRated ~ Dimensionmm - Terminal Type DXU-30-172 1700 +10 30 52 30 28 M&x4mm
art No.
F Tolerance Voltage (kV)
2 ek b LW Thead@Depth  pyiyan97; 2700 +10 30 60 30 28 M5x4mm
DXU-10-561 560 +10 10 24 20 18 Maxdmm
DXU-40-441 440 +10 40 30 32 30 M4xdmm
DXU-10-122 1200 +10 10 30 20 18 Maxdmm
DXU-10-282 2800 +10 10 0 20 18 Maxamm DXU-40-701 700 +10 40 40 32 30 M5x4mm
DXU-10-502 5000 +10 10 52 20 18 MSxdmm DXU-40-132 1300 +10 40 52 32 30 M5x4mm
DXU-10-802 8000 +10 10 60 16 14 MSx4mm ool 2000 ‘10 10 50 32 3o PP
DXU-20-281 280 +10 20 24 26 24 Maxdmm
DXU-20-881 880 +10 20 30 26 24 Maxdmm DXU-50-401 400 10 50 30 35 33 Mdx4mm
DXU-20-142 1400 +10 20 40 26 24 Mdxdmm DXU-50-651 650 10 50 36 35 33 M5x4mm
DXU-20-252 2500 £10 20 52 26 24 MSxamm DXU-50-911 210 +10 50 40 33 31 M5xdmm
DXU-20-402 4000 +10 20 60 26 24 MSx4mm
DXU-50-112 1100 10 50 52 35 33 M5x4mm
DXU-30-591 590 +10 30 30 30 28 Maxdmm
DXU-30-941 940 +10 30 40 30 28 MSxdmm DXU-50-172 1700 +10 50 59 3 3 MSx4mm

Loai tu dién nay ding dé dap ¢ng yéu cau cua cac ung dung dién ap cao. Ching
dugc thiét ké cho céc wng dung yéu cau hé sb tidu tan thap va hé sé dién &p nho.

Tinh ning: Str dung nhya epoxy dugc dong goi, kich thude nho, hé s tiéu tan thap,
dic tinh nhiét do tuyén tinh va hé sb dién 4p DC, AC thap.

Ung dung: Laser khi, ngudn dién DC High voltage (HV), thiét bi chdng sét, hé
thdng phan phéi dién ap, kinh hién vi dién tir, may dong bo, va may phu tinh dién.

f. Dién tré cao ap [47]:

Gia tri dién tro cao ap duoc st dung trong md hinh nay Ia céng suat 100W, 5MJ

(5 MQ).

Hinh 3.6 Dién tro cao ap
g. Que do cao ap P5122, P6015A | TEKTRONIX [48]

s

\

Hinh 3.7 Que do cao ap

Théng sb ky thuat: véi dai dién ap 20 kV DC/40 kV, tan s6 75 MHz va dién moi
duoc dung cho thiét bi Ia Silicone.
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h. M4y hién séng: TEKTRONIK, TBS1102B-EDU [48]

]

"

|

B0
B

000%
06

T

0@ HOICHG

.I',
- o

TOS5 10008 LOU Serion
Ly e

Sinbiing Toohiny Dt - 2
-s -
H

t
)

l

50 KE
® > Q’m

i £

wea il

5
»
|

Hinh 3.8 May hién song, thu thap dir liéu thi nghiém

Thong sb k§ thuat: May hién song luu trix ki thuat s Tektronix TBS1102B-EDU,
bang théng 100 MHz, tbc d6 ldy mau 2GS/gidy, 2 kénh, do dai ban ghi 2,5K. Trong
lugng san pham: 3,08 kg va kich thuéc may la 44x31,5x21,59 cm.

3.2.2. Xay dung mo6 hinh
a. M0 hinh thi nghiém dau tién

Po dong
Dién tro )\(CT)

v
Nguon l
a0 ép DBD-Lo phan fmg

@ HV que do OI —___ tiaplasma
CT
T _|_ Tu dién

777~ Ground

Hinh 3.9 So d6 nguyén ly
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May do song

My bién ép Lioa -

HV que do 1 "o e e
1000:1 — '
Piéntrd SMQ L+ = Binh khi
| |
May bién 4p Do dong 1
cach ly 1 pha R .
(High voltage Do dong 2 VE“,t tII(IElg tac,
(HV)) phich dong
| | }
[
T HV que do 2
NOLB | Tudign 1300pF = 1000+ 1

Hinh 3.10 So dé néi day ciia md hinh thi nghiém

DBD-Jet
Puong kinh trong: 3 mm

Puong kinh ngoai: S mm
Chiéu dai: 150 mm

bién cuc cao ap

hai dién cuc

30 mm bién cuc ha ap

Khoang cach
dén voi phun

Hinh 3.11 Cdu hinh dién cuc néi ciia DBD-Jet
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Nguén cao —
ap AC bién tro Do dong (CT) Noi dat

DBD-Jet

\

Que do cao ap Do dong Tu dién
HV 1000 : 1 (CT) —

Hinh 3.12 M6 hinh thi nghigm

Két qua danh gid mé hinh thi nghiém & ban dau 1 vai viéc str dung céc thiét bi lan
dau nén dién ap duoc ting 1én dan dé dam bao an toan cho thiét bi va nguoi thi nghiém.
Két qua thu dugc & cac 1an thi nghiém & mdi muc dién ap tang dan tir 1,5 kV — 2,5 kV,
cho thay khi dién ap dat vao budng phan tng tiép tuc ting dé dat dén dién ap phong dién
s& xuat hién sy ion hoa trong dng phong dién, sau d6 phong dién xay ra va tao mot kénh
dan giita 2 dién cuc. Khi dién 4p ngudn ting dong nghia voi viéc thoi gian phong dién
s& duy tri cang dai. O murc dién ap 1,75 kV phong dién chi duy tri ngan hon, khi ting
dan dién ap 18n mdi 0,25 kV thoi gian phong dién s& cang kéo dai ciing véi mat do xung
phong dién cang xuét hién day dac hon.

Ngoai ra, su suat hién cua thanh phan séng hai, dong phong dién dugc do bang
thiét bi theo ddi dong dién Pearson model 6585, su nhidu loan dién dung do thiét bi c6
vong d6 duong kinh 16n. Vi vay dé bao bao chinh xac, cac thanh phan nén can dugc loai
bo khoi dir liéu thd nham loai trir nhidu. Bén canh d6 viéc sir dung cau hinh ndy ma
khong phai 1a mot cau hinh nguyén khéi dan dén qua trinh phong dién bi anh huong
dang ké, dan dén viéc duy tao plasma 6n dinh nham huéng dén cac tng dung twong ddi
kho khin. Viéc thay ddi, cai tién diéu kién thi nghiém Ia can thiét, danh gia cac thong
s6 anh huong dén cac dic tinh dién hoc ciing nhu cac anh huong cua chat khi duoc trinh
chi tiét trong chuong 4.
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b. Cai tién md hinh thi nghiém véi su thay déi cAu hinh dién cuc va sit dung
dién tré shunt thay thé thiét bi do dong.

Ld phan Bén ngoai: 8.5 mm
P £ Bén trong: 6.5 mm Thuy tinh
DBD-Jet Ao
D6 day: 2 mm
Dién cuc cao ap Diénmoi | pjay oy | Chieu dai 110 mm Wolfram
: ; T Ban kinh: 1 mm
/ ’ Dién cyc néi dét
| e ]
Khi —— + =t o
— ) —
— |
m Plasma
—)
Ngudn cao ap —
Noi dat

Hinh 3.14 Cdu hinh cua tia plasma &p sudat khi quyén dua trén
cau hinh DBD (DBD-Jet)

M6 hinh thir nghiém APPJ duoc phat trién dwa trén nguyén 1y phong dién rao can
dién moi (DBD). Trong md hinh nay, mét hé thdng chira khi 1am viéc, nguon dién va
c4c thiét bi k¥ thuat do duoc sir dung dé do va ghi lai cac thong sd lién quan trong qua
trinh thi nghiém tao plasma. Hé théng thi nghiém gom bdn phan chinh: Nguon dién, khi
lam viéc, 10 phan @ng plasma DBD-Jet va hé théng thu thap dit liéu thi nghiém duoc md
ta qua hinh 3.9 — 3.11. Trong ciu hinh caa DBD-Jet, 10 phan tmg c6 dién cuc cao ap va
dién cuc ndi dat bao quanh dién mdi. Pién cuc cao 4p nam bén trong dng va dugc bao
boc boi chat dién mdi day 2 mm dé han ché dong dién va ngin phong dién hoan toan
Xuyén qua chat dién méi. Khi Argon dugc dan vao tir phia trén cua dng plasma dé tao
moi truong 1am viéc. Chiéu dai caa dién cyuc 14 110 mm, véi ban kinh 1 mm, duong kinh
bén ngoai cua dng 1 8,5 mm va duong kinh bén trong 13 6,5 mm nhu hinh 3.9.

Hinh 3.10 m6 ta so d6 tuong dwong va hinh 3.11 mé ta so d mé hinh thi nghiém
cua tia plasma APPJ véi cau tric va cac thiét bi. Nguon khi Argon va thiét bi do luu
luong khi dugc sir dung dé didu chinh lugng khi lam viéc di vao dng phong dién. Ngudn
cao ap véi kha ning diéu chinh tir 0 dén 15 kV, duoc két ndi véi dién cuc cao ap thong
qua dién tro 5 MQ dé han ché dong dién. May bién dong va bo chia dién ap (nhu
TEKTRONIK P6015A va Pearson 6585) duoc két ndi dé giam sat dién 4p va dong dién
tai cac dién cuc, dam bao thong tin vé cac dic tinh dién cua plasma duoc ghi lai chinh
xac. Mot tu dién giam sat (1300 pF) duoc két ndi ndi tiép voi budng phan tng plasma
dé do lwong dién tich (Q) tich ldy trén céac 16p dién moi sau mdi chu ky phong dién. Diéu
kién thi nghiém duoc thé hién nhu bang 4.1, chuwong 4. May hién séng ghi lai cac dic
tinh dién, thong qua cac thanh phan do luong nhu que do cao ap (1000:1) va dién tro
shunt (10 Q).
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Bang 3.5 Danh muc cdc thiét bi diroc sir dung trong thi nghiém

Tén thiét bi Nha san xuat S6 hiéu Mai s6
May bién 4p bién .
ddi 1 pha LiOA Lioa SD-2515 ]
May bién ap cach Thuat Minh Da}ng MD24BA0L i
ly 1 pha company technical
L CTL-28-S90-05Z-
Bicn dong (CT) U.R.D. CO.., Ltd IR1-CL1 No. 204759
bién tro shunt TT electronics BPC10100J -
Tu dién Genvolt DXU - 40-132 -
Shenzhen Kang 100W
AL . Yuxin Electronic No0.25047
Dl@l’] tro cao ap Co_’ Ltd 5MJ (5 MQ)
Que do cao ap TEKTRONIK P5122, P6015A -
May hién song TEKTRONIK TBS 1102B-EDU -
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CHUONG 4: PHAN TICH VA PANH GIA KET QUA THi NGHIEM
4.1.Piéu kién thi nghiém

Trong qua trinh khao sat, xem xét thuc hién thi nghiém vai cac diéu kién thi nghiém
khac nhau la diéu quan trong va can thiét. Yéu té nay anh huéng dén qua trinh phan tich
va danh gia cac két qua. Vi vay cac diéu kién thi nghiém ban dau da duoc trinh bay nhu
bang 4.1.

Bang 4.1 Piéu kién thi nghiém

Nguén ap dung Phan loai Thong s6
Ngudn so cap May bién ap bién doi 1 pha 0~230 VAC
Lioa
Nguon cao ap May bién ap cach ly 1 pha 0~15 kV (thay d6i)
Tan sé Tan sé céng nghiép 50 Hz
Khi hiém Argon 1-5 slm (thay d6i)
(Standard Liter per
Minute)
Do rong xung Nira chu ky (T/2) 10 ms
Nhiét do Nhiét @6 phong Phong thi nghiém cao
ap, Truong Pai hoc Su
pham Ky thuat
Ap suat Ap suit khi quyén 1 atm

Trong thi nghiém nay, st dung khi argon dé tao tia plasma ap suat khi quyén va su
thay d6i bién d6 dién ap luu lugng khi dat vao dé danh gia. Trong nghién cau nay, véi
két qua da trinh bay ¢ bai bao trong hoi nghi ATIGB lan thir 9; "Atmospheric Pressure
Plasma Jet (APPJ) Generation using Industrial Frequency Alternative Power Source”,
9th International Conference on Applying New Technology in Green Buildings
(ATiGB), 2024, pp.79-82; DOI: 10.1109/ATiGB63471.2024.10717715. P4 st dung ciu
hinh dién cuc ngoai va sir dung CT dé do dong dién trén DBD-Jet. Tuy nhién do thanh
phan séng hai con ton tai do ban kinh cua vong do 16n s& hinh thanh dong dién dung
giita n6, vi vay dén hién tai nhém dung dién tré shunt thay thé cho viéc thu thap dong
dién phong dién, bang cach do dién ap roi trén dién tro, thong qua dinh luat Ohm, dong
dién bang dién ap roi trén do chia cho gia tri dién tro st dung. Két qua duoc trinh bay
& muc 4.2 voi cac danh gia ban dau trong cac thi nghiém caa md hinh nghién ciu.
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4.2. Thu thap dix liéu, phan tich va danh gia két qua

Trong hé théng DBD, I16p dién mdi thudng ¢ dién dung 16n hon so véi khe khi
dé dam bao rang hau hét dién ap duoc phan b qua khe khi, Cq = 13.1 pF.

bién dung cua khe khi can phai nho hon Cqdé dién 4p 16n Ug c6 thé tich tu qua
khe khi, dan dén pha v& dién moi cua khi va tao ra plasma. Két qua Cq = 22.8 pF la cao
hon so v&i mong doi trong nhiéu cau hinh DBD, diéu nay c6 thé 1am giam dién &p Uq
can thiét dé kich hoat phong dién. Luu y rang, Cq Va Cq duoc tinh lan luot tir cac cong
thie 1.5 (a) va (b), véi cac théng sb cua cau hinh DBD-Jet di duoc md ta ¢ hinh 3.9
trong chuong 3.

Dién dung tong Coso: Gia tri Coep = 8.31 pF 1a két qua cua viéc ndi tiép Cq va
Cy, cOng thire (1.5) da duoc trinh bay & chuong 1. Qua budc dau khao sat, cac théng sb
ban dau da c6 anh huong dén dién &p Ug. Vi Cq cao hon du Kién, diéu nay anh huéng
dén phan b dién ap Ug qua khe ha khi, dan dén giam kha nang tich tu dién ap can thiét
dé vuot ngudng phong dién. Bé t6i wu hoa cho qua trinh phong dién can giam Cq bang
cach taing do day khe khi hoic chon mét cau hinh khac c6 dién dung nho hon. Piéu
chinh Cq dam bao Cq>> Cq dé t6i da hoa dién &p Ug qua khe khi.

4.2.1. Anh hwéng cia dién ap diit vao dén dic tinh dién hoc tai lwu lweng khi 1 sim
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Hinh 4.1 Anh hwong Cua dién ap dat vao dén dic tinh dong dién va dién ap trong
hé DBD tai luu lwong khi 1 sIm

Trong thi nghiém dau tién, qua trinh phéng dién trong hé thong DBD-Jet dudi ap
suat khi quyén véi luu lugng khi 13 1 slm da duoc thuc hién. Dién ap dat vao trong thi
nghiém véi bién do dién ap thay doi tir 1 kV dén 4 kV véi ngudng 0.5 kV va tan s6 ¢d
dinh f = 50 Hz va luu luong khi khong d6i, T = 20 ms. Hinh 4.1 trinh bay dang song cua
dong dién va dién ap, vai tro cua dién ap dat vao cé vai quan trong trong qua trinh hinh
thanh va cuong do cua plasma. Hinh 4.1 (a) dén (g) véi lan luot cac dién ap dit vao la
1;1,5;2;25;3;3,5;4kV cho théy khi tang bién d¢ dién ap Vapp, dong dién phong dién
tang cudng va xuat hién day dat hon, thé hién mic do ion hoa cao hon. Cac thanh phan
dong dién lgis, laisp VA lot déu phan anh qua trinh truong tac gitta dién trudong va moi
truong khi, déu bi anh hudng bai Vapp. Ngoai ra, su chénh léch dién ap gitra Va va Vg tao
ra dién truong lon, tir @6 kich thich qua trinh phong dién trong khong gian cua DBD-
Jet, dan dén su hinh thanh plasma. Khi bién d¢ dién ap dat vao & muac 1 kV, khéng co
phéng dién xay ra. O muic dién ap nay, cuong do dién truong giita cac dién cuc khong
du l6n d@é kich hoat qué trinh ion héa trong chat khi dé hinh thanh phong dién tao plasma.
Diéu nay thé hién qua viéc khéng cé xung dong dién nao dwoc quan sat thiy nhu hinh
4.1 (a) Va it phan 16n 1a dong dién dung do ning lwong duoc tich liy va giai phong qua
dién dung trong hé théng DBD-Jet. Khi tiép tuc ting bién do dién ap, cuong do dién
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truong qua 16p dién méi tang 1én du 16n dé vuot qua ngudng phong dién trong khe ha
khi (Vb) va phéong dién bat dau xay ra. Tai thoi diém nay, dong dién igis Xuat hién nhu
4.1 (b), dudi dang cac xung ngin, mdi xung nay biéu thi su hinh thanh cua plasma. Tuy
nhién, sy 6n dinh cua plasma va tan xuit xay ra phong dién chua dang ké. Tir 2 kV dén
4 kV, cac xung dong dién phong dién igis Xuat hién day dic hon so véi & mic bién do
dién ap 1.5 kV, thé hién qua trinh ion hoa dién ra manh mé hon. Piéu nay lam cho bién
d6 cua cac xung phong dién nay cao hon, qua dé cho thay rang sy hinh thanh va duy tri
cua plasma manh hon, véi mat d6 ion hda cao hon va mirc nang lwong cao hon trong
moi trudng khi. Didu d6 cang thé hién ré ¢ hinh 4.3, dd m6 ta anh hudng cua dién ap
dit vao Vapp dén Vg, Vg, s6 luong xung phong dién ciing nhu 1a Vi trong 1 chu ky.
Trong hinh 4.2, dang séng cua dién ap ap dung trong 1 chu ky véi biéu db trinh
bay dang song dién &p hinh sin ap dung véi cac diém chinh (A, B, C, D) trén duodng
cong. Cac diém nay cho thay su bién thién cua dién ap tir gia tri &m sang gia tri duong,
phan anh céc giai doan trong chu Ky dién ap tao ra plasma. Phan khoanh tron mau d6 ¢
diém B cho thy sy giam manh cua tin hiéu dién ap, cho thay la do mét sy kién phéong
dién va su thay doi dot ngot trong diéu kién mé hinh thi nghiém. Su dot bién ¢ diém B,
lién quan dén qua trinh phong dién tac thoi trong hé théng, 1am gian doan dong dién.
Diéu nay la do su phong dién cuc bo tao ra boi cac diéu kién khong dong déu, nhu su
tich tu dién tich trén bé mat caa cac dién cuc va hién tugng phong dién ting phan. Trong
bdi canh do cong suét, cac dot bién ndy co thé anh hudng dén tinh chinh xac cua phép
do néu khong tinh toan va do ludong k¥ ludng. Bé quan sat rd hon, hinh 4.2 (b) véi chi
tiét phong dai dién ap, phan phong to viing khoanh tron tir hinh 4.2 (a), cung cap hinh
anh rd rang hon vé bién thién dién ap tai diém B, két qua thu duoc da lam min téi 100
diém dé quan sat sy sut ap nay véi su suy giam =~ 500 V. Tai ddy, mot dao dong bat
thudong dugc quan sat trong khoang thoi gian rat ngan. Poan dao dong nay la do phan
g cua hé théng véi dong phong dién tac thoi, 1am thay doi dién ap trén dién cuc mot
cach dot ngot. Viéc phan tich ky cac dao dong nay rat quan trong dé hiéu rd co ché
phong dién cua thiét bi va danh gia do on dinh cua bién do dién ap dat vao khi c6 phong
dién. Céc bién thién bat thuong nay cho thay tim quan trong cua thiét bi do chinh xéac
dé ghi lai tin hiéu nhanh. D6 thi biéu bj cdng suat tic thoi cho thay sy bién doi cua cong
suit theo thoi gian, dugc tinh bang tich cua dién ap va dong dién tic thoi. Cac dinh cong
Suit xuat hién rd rang, dic biét 1a ¢ cac khoang thoi gian ngén, twong wng véi su kién
phong dién. Cac dinh cong suat c6 lién quan dén cac dot bién dong dién trong chu ky
phong dién cua thiét bi. Mdi dinh dai dién cho mot su kién phong dién, trong d6 mot
luong niang luong lén dugc tiéu thy trong thoi gian ngan. Viéc ghi nhan chinh xac céc
dinh nay rat quan trong dé wéc tinh ning lwong tiéu thy tong thé va danh gia hiéu suat
cua thiét b truyén dong plasma. Cac dinh nay ciing giup x4c dinh cac giai doan ma cong
suat tiéu thu tang dot ngot do qua trinh phong dién nhu hinh 4.3 (c). Cubi cing ning
luong tich lity theo thoi gian cho thay niang luong tiéu thy ting dan trong chu ky hoat
dong cua thiét bi biang cach tich phan theo cong suat tirc thoi theo thai gian trong 1 chu
ky (cong thirc 1.17). Luu ¥ rang tong ning luong tich liy co thé duoc tinh theo tinh phan
toan phan va téng ning luong tich liy duoc lay theo vang cua phép tich phan dé hoic
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c6 thé tich phan tirng phan cua U-I theo thoi gian thoi gian sau d6 tinh tong lai va tinh
cdng suat trung binh nhan véi tan sb. Vi vay giira két qua ban dau va két qua dugc mo
ta & cac két qua nhu hinh 4.8 va 4.8 dudi ¢6 sy khac nhau rat nho va khéng anh huong
dén két qua. Ning luong tich lily phan &nh sy tiéu thu ning lwong téng thé trong sudt
qua trinh hoat dong cua thiét bi. D6 thi cho thdy mot su ting 1én 6n dinh, véi mot phan
chiing lai gan cudi, dau hiéu cua viéc giam dan cac sy kién phong dién va on dinh cua
hé thong. Su tich lity ning luong cung cip théng tin quan trong dé danh gia hiéu qua va
d6 bén cua thiét b truyén dong plasma. Bang cach phan tich cac xu huéng nay, co thé
dua ra cac bién phap cai thién hoic tdi wu hoa hoat dong cua thiét bi & hinh 4.2 (d).
Trong phuong phép st dung dién tré shunt dé do cac két qua nay, cho thay sy hiéu qua
khi c6 rat it tin hiéu nhiéu duoc tao ra. Vi vay viéc st dung va téi vu cac thiét bj ¢é dam
bao su hoat dong hiéu qua cho qua trinh tao plasma rat can thiét.
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Hinh 4.2 Két qud dién hinh ciia mét chu ky véi Vapp = 4 kV, 1 sIm (a), dién dp dp
dung, (b) phéng to diém giao dong dién ap, (c) céng sudt tizc thoi va (d) nang lwong
tiéu thy theo thoi gian

Khi bién d¢ dién ap dat vao tang, bién do dién ap qua lop dién moi va qua khe ho
khi tang tuyén tinh cho thdy méi quan hé truc tiép giira bién do dién ap dat vao va dién
truong trong hé thong DBD-Jet nhu hinh 4.3 (). Vg ting cham hon vi khi cidn mot
ngudng dién ap nhét dinh dé xay ra phong dién. Diéu nay dam bao rang plasma chi hinh

48



thanh khi dién truong du 16n dé kich hoat ion héa khi. So véi Vg cho thiy sy tich liy
nang luong trén 16p dién moi ngay cang 16n, cung cap diéu kién tét hon cho qué trinh
phong dién khi dat t6i ngudng can thiét, gop phan tao ra cac xung dong dién phong dién
manh hon khi dat &én muc dién ap cao. Tir d6 c6 thé thay ring sé luong xung phong
dién trong mdi chu ky ting 1én dang ké nhu hinh 4.3 (b), dic biét trong khoang bién do
dién ap tir 2 kV tro 1én dén 4 kV. S6 lugng xung phong dién trong nira chu ky am thuong
cao hon so véi nita chu ky duong. Diéu nay cho thay rang su tich liy ning lwong khong
ddng déu giira hai nira chu ky do dic tinh phi tuyén caa qué trinh phéng dién va dic
diém cua dién méi. O muc bién do dién ap 4 kV, sé luong xung phong dién dat dén muc
cao nhat. Cho thay qué trinh phong dién da dat dén trang thai ion héa manh mé va bao
hoa, qua d6 cho thay duogc plasma hoat dong ¢ cuong do cao, rat phu hop cho cac ang
dung dap tng voi yéu cau nay va diéu nay co thé hiéu quan sat rd hon véi két qua thu
dugc & hinh 4.3 (c). O cac muc dién ap dat cao hon, ngudng phong dién trong nira chu
ky dwong giam dan va gan nhu bang 0 dan dén qua trinh phong dién xay ra dé dang ma
khong can ngudng dién 4p phong dién cao trong nira chu ky duong. Trong nira chu ky
am, ngudng phong dién van duy tri & mic am, nhung ciing tang dan khi Vapp ting, cho
thay rang qua trinh phong dién trong nira chu ky &m van xay ra on dinh va c6 thé manh
hon so véi nira chu Ky duong & ciing muic dién ap dat vao. Tuy nhién, mot diéu can néu
r5 & day 1a ¢ 1an phong dién dau tién, ngudng dién ap phong dién Vp cao hon Vg dé giy
ra phong dién vi chua c6 hiéu ang tich tu dién tich trén bé mit dién mai. Khi Vg ting,
dién trudng trong chat khi ciing ting 1én. Piéu nay 1am cho céc electron tuy do trong chat
khi ¢6 ning lugng 16n hon ngay ca trudc khi dat dén ngudng Vb. Vi dién trudng manh
hon do Vg cao hon, cac electron c6 thé dé dang dat dén ning lugng can thiét dé ion hoa
cac phan tir khi. Do d6, khong can phai dat ti ngudng dién ap Vg cao méi c6 thé xay ra
phong dién. Piéu nay dan dén viéc ngudng dién ap phong dién Vp giam khi Vg ting, Vi
moi trudng khi di sin sang cho qua trinh ion hoa & murc dién 4p thap hon, do tic dung
cua dién truong manh hon. Thoi gian duy tri phong dién tang theo bién do dién ap dat
vao nhu hinh 4.3 (d). O chu ky &m thoi gian duy tri phong dién thap hon so véi chu Ky
duong. Day 1a mot két qua quan trong dé danh gia va xem xét mie dién ap dat vao phu
hop. Qua két qua phan tich ¢ thi nghiém trén cho thay ning luong tiéu thu va cong suat
trung binh ciing nhu 14 dong dién qua DBD-Jet quyét dinh rat nhiéu dén cong suét tirc
thoi 1an luot thé hién qua hinh 4.4 va hinh 4.5. Khi Vapp ting, tong nang luong tiéu thu
tang manh theo thoi gian, dac biét tr mrc dién ap 2 kV trd 1€n. Tai mac 4 kV, ning
luong tiéu thu qua DBD-Jet ting d6t ngdt, cho thdy rang mirc dién ap cao da tao ra dién
truong dii manh dé kich thich va duy tri plasma 6n dinh v6i cuong do cao. Nang luong
tiéu thy qua tu Cm gan nhu khong thay doi dang ké va nho hon rat nhiéu qua DBD-Jet
khi dién 4p ting, ching t6 rang phan ning luong chinh dwoc st dung trong qua trinh
phong dién xay ra qua DBD-Jet thay vi qua tu Cm, tirc 1a nang lugng dugc chuyén truc
tiép vao viéc duy tri va ting cudng plasma thay vi chi tich tu trong dién dung va diéu
nay ciing da cé nhic dén theo ly thuyét DBD & cong thirc s6 1.15 tai chuong 1. Di V6i
cong suét trung binh s& duoc tinh theo nang lwong nhan véi tan sé, ¢ cong thire s6 1.18,
vi vay s& tang tuyén tinh theo niang lwong tiéu thu nhu hinh 4.5 (b). C6ng suit tac thoi
duoc tinh theo dién ap dat vao nhan véi it qua DBD-Jet, cong suét tic thoi ting manh
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Vvé6i dién 4p vi & mirc dién ap cao, hé théng DBD-Jet tiéu thu nang lugng 16n trong thoi
gian rat ngan dé duy tri plasma. Piéu nay lién quan dén viéc cac xung phong dién tro
nén manh hon va xuat hién thudng xuyén hon khi Vapp ting, dan dén viéc tiéu thy ning
lwong tic thoi cao. Co thé thiy & hinh 4.4 (a) dong dién phong dién ting vi qua trinh tao
plasma trong hé théng DBD-Jet ngay cang manh hon khi bién d6 dién 4p ting. Tuy
nhién su dao dong cua dong dién phong dién co sy dang ké, su suy giam bién do cua
cac xung dong phong dién khi dién 4p ting & muc 3, 3.5 kV, da cho thiy rang khi moi
treong khi di dat dén bo hoa, cac ion va electron sinh ra do phong dién khong thé ting
thém nhiéu nira, do d6 khong tao ra cc xung phong dién manh nhu & cac mic dién ap
thap hon. Ngoai ra con cho thay, sy duy tri 6n dinh trong qua trinh tao plasma trong diéu
kién luu luong khi ¢ 1 slm chua dam bao dé hoat dong hiéu qua. O cac dién &p trung
gian, co thé cho thay mot viing chuyén tiép noi plasma nhay cam véi ca dién ap va luu
lwgng khi. Vi vay cac thi nghiém vai thay doi luu lugng khi da duogc tién hanh.

4.5 T - T - T - T - T - T v T 300 T T T T T T T T T T T
» @ =V L () —*—1/2chukyam
= 250 F . .
235l v ]l & —=&—Tong trén 1 chu ky
~<E d -_E
E30f { 220l 1
g =
2,5l { =
& &0 150 - -
&7 1 Z
= 0
S5 4  E 100F .
= =
& 1.0 2
= S0 1
05+
0.0 1 " 1 n 1 " 1 n 1 " 1 1 0 1 1 1 1 1
1.0 1.5 2.0 25 30 35 4.0 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Bién d¢ dién ap dat vao (kV) Bién dé dién ap diit vao (kV)
8 T T T T T
T T T T T T
1.00 F —8—1/2 chu ky im —_ (d) —8—1/2 chu kj' am
2O —A—1/2 chu k§ dwong £77  —a—1/2 chuky dwong 1
055 =
& @0 -
; -
= 0.50 - =
Pl =T
B £S5 4
o0 025+ 2
2 =4 ]
= 000¢ ' w0 £
=] >
& =3 ]
& - -0.25 ':
< =
e r -0.50 52 .
= o
[=) -E
g H -0.75 = 4
P2 =
i -1.00 0 1 ! 1 1 T
1 1 1 1 1 1

1.0 15 2.0 2.5 3.0

Bién d¢ dién ap dit ap (kV)

35

4.0

1.5 2.0 2.5 3.0 3.5
Bién dé dién ap dat vao (kV)

1.0 4.0

Hinh 4.3 Anh huéng ciia dién dp dat vao () dién ap Vg, Va; (b) $6 lwong xung phong
dien, (c) nguong dién ap phong dién Vy va (d) thoi gian phong dién trong 1 chu ky

50



Nang lwong tiéu thu £ / chu ky (mJ)
(=)}

—
[ 5]

—
=}

oo

=

N~

(a) —®EquatuCy
3 —&— F qua DBD-Jet

Cbng suit trung binh P,/ chuky (mW)

wn

S

=)
T

-

=3

=]
T

173

=3

=
T

(b) —®— Pyyg qua tu Cpy, -

T T T T T T T T T T T T

—&— Py, qua DBD-Jet

0r or 1 1 1 1 1 1 1 i
1.|0 1.|5 210 215 3:0 3:5 410 Lo L5 2.0 2.5 3.0 3.5 4.0
Bién dé dién ap dit vao (kV) Bién dé dién ap dit vao (kV)
Hinh 4.4 Anh hweong cua dién dp dén (a) nang heong tiéu thy va (b) cng sudt trung
binh qua DBD-Jet va tu do Cn
120 T T r T T : T T T T T T T
250 F (b) 4

100 -

-]
=
T

-
=
T

g
=
T

=

Dong dién 16m nhit qua DBD (i, 7y igisp) (MA)
o
e
T

—o— P qua tu Cp,
7 [ —&— P qua DBD-Jet

1
Cong suit tirc thoi P (W)
o ) (]
[—] i [—)
= =] =)
T T T
1 1 1

h
=]
T
1

1 i 1 " 1 " L n 1 n 1 1 i 1
1.5 2.0 2.5 3.0 3.5 4.0 1.0 1.5
Bién do dién ap dat vao (kV)

1 1
2.0 25 3.0 3.5
Bién do dién ap diit vao (kV)

1.0 4.0

Hinh 4.5 Anh huong cia dién dp dén (a) dong dién va (b) cong sudt tic thoi qua

DBD-Jet va tu do Cm

4.2.2. Anh hwéng caa luu lwgng khi dén dac tinh dién hoc
T r T r r r T 1.5 N T T T T T T T
sl @ 1KY — 25KV _ (b) —&—1slm 1/2 chu ky dwong
= —a—1.5kV =z Lor
Z —A—2LkV —#—35kV =
S 250 1 =
-~ = 0_5 .
g I @
%‘ L]
e 200 - ‘\"_’_’_’-—‘ b Ec 0.0 -
£ ' 2 10
£ 150 | { =
; - = 0.0F T T =
E £ 1/2 chu ky Am
Fo e— x4 = 3
2 100 * — x S sl ]
E ol | £
= Z -1.0
T —— —y
0 - ] b d I ] -1.5 1 I 1 1 L 1
1 5 1.0 L5 2.0 25 3.0 35 4.0

2 3 4
Lwu lwgng khi (slm) Bién d6 dién ap dit vao (kV)

Hinh 4.6 Anh huéng ciia luu lwong khi dén (a) sé heong xung phéng dién va (b)
nguong dién ap phong dién

o1



Thaoi gian duy tri phong dién (ms)

—

—

Ning lwong tiéu thu £/ chu ky (mJ)

Dong dién phéng dién I, 1ém nhit (mA)

12 T T T T T T N T T T T T T
| (a) —A—2kV 1/2 chu ky dwong - (b) —4—2kV 1/2 chu ky Am
—¥—2.5kV g | —w25kv
0Fr  ——3K 1 Z8F —e—3kv .
—— - ——
) =
8- 4 e ——
> » E 6l 4
=
6F 1 =
-
>— L 4 z o4l i
[ — T
4 = v 1 =
g 2r i
r 1 £ o ——15kV
0 1 1 1 | 1 U 1 1 1 1 1
1 2 3 4 5 1 2 3 4 5
Luwu lwong khi (slm) Lun lwong khi (slm)
Hinh 4.7 Anh hwong cua luu luong khi dén thoi gian duy tri phong dién
(@) chu ky duwong va (b) chu ky @m
2 T T : : I . ; 600 T T T T T
(a) —A— E qua tu Cyyy E [ (b)y A PaygquatuCp
0k ®— I qua DBD-Jet 1 slm - z 500 —8— P,yo qua DBD-Jet 3 slm
—&— F qua DBD-Jet 3 slm = —8— Pyyg qua DBD-Jet 3 slm
gL —— E qua DBD-Jet 5 slm i =400 - —*— Pyyg qua DBD-Jet 5 slm
Q‘;‘-
300
6 1 £
£
4l | 89200
=
£
<& 100
T 1z
2
(a 0 . A A A A A
[} C 1 1 Il 1 1 1 1 i U 1 1 1 1 1 Il 1
1.0 1.5 20 25 3.0 35 40 1.0 15 20 25 30 35 40
Bién do dién ap dat vao (kV) Bién dé dién ap dat vao (kV)
Hinh 4.8 (a) Nang luwong tiéu thu va (b) cong suat trung binh o miec luu lwong
khi khdc nhau
100 T T T T T E 500 T T T T T T T
() F 1KY kv " by TRV ey
—8— 1.5kV —4—3.5k\ = —8—15kV —4—35kV
g0 —A—2kV —p— 4 gmo- —A—2KV
—¥—25kV a —y—2.5kV
]
60 - B E' 300
B
= <
s 1 £ 200t
‘_‘/.._A—”—" 5
£
20 e - ] E 100
= [ o —
=T 0+ L i i
O m T i T . ‘g 1 1 1 1 I
1 2 3 4 5 @] 1 2 3 4 5
Luu lwong khi (slm) Luu lwong khi (slm)

Hinh 4.9 Anh huong cia heu heong khi d@én (a) dong dién phong dién
va (b) cdng sudt tic thoi

52



Trong thi nghiém tiép theo, luu lwong khi dugc thay doi giira 1, 3 va 5 trong khi
diéu kién dién ap dat vao van gitr nhu trong thi nghiém dau tién. Hinh 4.6 thé hién anh
huong caa lwu lrgng khi dén s6 leong xung phong dién va ngudng dién ap phong dién
trong mot chu ky caa DBD tia plasma ap suét khi quyén. Cac dudng biéu dién tuong
g Véi cac mue dién ap dat tir vao 1 kV dén 4 kV. G muc luu luong khi thap véi 1 slm,
s6 lugng xung phong dién thap hon so vé6i luu lwong cao & 3 slm va 5 sim. Tuy nhién,
khi luu lwong khi ting 1én dén 5 slm, s6 lwong xung phong dién c6 xu hudng giam dan
& mot s6 mue dién &p cao tir 2 kV - 3 kV. Diéu nay, 1a do tdc do dong khi cao 1am gian
doan su 6n dinh cua plasma, 1am giam kha ning duy tri phong dién lién tuc. Muc dién
ap cao tir 3KV tro Ién tao diéu kién cho plasma manh, nhung véi luu lwong khi qua cao,
dong khi c6 thé 1am lanh plasma hoic 1am ting mirc do tai két hop gitra céc ion va
electron, 1am giam sé luong xung phong dién. Tuy nhién, & cac mirc dién ap thap & muc
1 kV - 1.5 kV, s6 luong xung phéng dién hau nhu khong thay d6i nhiéu khi luu luong
khi ting, cho thay rang & muc dién ap nay, phong dién cha yéu bi chi phbi boi mac dién
ap hon 13 luu lugng khi thé hién qua hinh 4.6 (a). Ngoai ra con anh huéng dén ngudng
dién ap phong dién Ve nhu hinh 4.6 (b), ¢ trudc do da noi sy anh hudng tur dién ap dat
vao, thi sy thay doi ciia luu lugng khi ciing anh hudng dang ké. Luu lugng khi cao lam
giam ngudng dién ap phong dién, vi khi c6 nhiéu phan tir khi hon trong méi trudng, cac
electron c6 thé dé dang va cham va ion hoa céc phan tir khi. Bidu nay 1am cho qué trinh
phong dién dién ra dé dang hon, va hé thdng can it dién ap hon dé dat dén ngudng phong
dién. O mirc luu lwong khi cao 3 slm va 5 slm, cac phan ta khi argon tao ra nhiéu hat
tich dién hon trong mdi chu ky phéng dién, gitip qua trinh phong dién on dinh hon va
lam giam ngudng dién &p can thiét dé khoi dau phong dién. Trong nta chu ky duong,
cac hat tich dién tich lily dé dang hon, do d6 su giam ngudng dién ap phong dién rd rét
hon so véi nira chu ky am. Diéu d6 cang thé hién hon thong qua két qua thu duoc tir
hinh 4.7, & mirc dién ap thap, thoi gian duy tri phong dién khong bi anh huong nhiéu
boi Iuu luong khi, do dién 4p khong du dé duy tri phong dién 1au. O cac mic dién ap
cao tur 3.5 kV tro 1én, tang luu luwong khi gitp duy tri phong dién 1au hon trong ca chu
ky duong va am. Piéu nay cho thay rang mic dién 4p cao két hop véi luu lwong khi cao
tao ra diéu kién toi uvu dé duy tri plasma 6n dinh trong khoang thoi gian dai hon. Pay 1a
mét két qua quan trong trong viéc diéu chinh luu lwong khi nham 6n dinh plasma dugc
tao ra. O cac mic dién ap trung gian 2.5 kV - 3.5 kV, luu lugng khi ¢6 anh huéng nhat
dinh dén thoi gian duy tri phong dién, nhung khong dang ké so véi cac mirc dién ap cao.
Diéu nay la do cac muc dién ap nay chua du cao dé tan dung téi da luong khi bd sung.
Qua d6 thay rang, viéc duy tri plasma 6n dinh va kéo dai thoi gian phong dién, can phai
diéu chinh ca luu luong khi, dién ap, dién ap cao két hop véi luu lwgng khi cao c6 thé
tao ra plasma 6n dinh va kéo dai hon, do ting cudng kha ning ion hoa va tao plasma c6
thoi gian ton tai lau hon va ké ca tirng loai hay hdn hop gitta chung. Anh huéng cua luu
luong khi dén ning lugng va céng suat nhu hinh 4.8 khdng anh huong dang ké dén qua
trinh tao plsama, ma chi co dién ap dat vao cao nhu da trinh bay ¢ muc 4.2.1 va két hop
cung muc luu lugng khi cao thi méi cé sy anh huong tuy nhién khéng qua I6n. Luu
lwong khi anh huong dang ké dén dong dién phong dién nhu hinh 4.9 (a), luc nay plasma
tao ra duoc 6n dinh va ting tuyén tinh theo dién ap dit vao cung véi mire ting luu luong
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khi, khong nhu ¢ thi nghiém dau tién c6 sy hdn loan khi ting bién do dién 4p dau vao
va cong suat tuc thoi ciing sé ting twong (ng theo dong dién phong dién nay & hinh 4.9
(b). Hinh 4.10 mé ta mdi quan hé giita ning lwong tidu thy, cong suat trung binh va thoi
gian duy tri phong dién trong ntra chu ky 4m va dwong. Két qua nay cho thiy cac yéu t6
nang luong va cdng suat tac twong quan vai su on dinh cua plasma theo chu ky phong
dién. Khi thoi gian duy tri phong dién trong ca nira chu ky am va duong déu tang dong
nghia véi ning luong tiéu thyu va cdng suat ciing ting. Trong hau hét cac trudng hop,
thoi gian duy tri phong dién trong nira chu ky duwong dai hon so véi nira chu ky am, dac
biét & mirc ning lwong tiéu thu cao. Diéu nay 1 do trong nira chu ky dwong, dién trudng
¢ xu huéng on dinh hon va kha nang duy tri plasma cao hon va ntra chu ky am c6 thoi
gian duy tri phong dién ngan hon. Su gia ting ctia thoi gian duy tri phong dién theo ning
lwgng va cong suat cho thay rang, khi nhiéu nang luong qua hé thong DBD-Jet, qua trinh
phong dién duoc duy tri 1au hon do kha nang ion hoa cua plasma tang 1én. Ngoai ra co
thé thay & ca chu ky &m va duong trong diéu Kién luu lwong khi da dam bao 6n dinh cho
plasma hoat dong 6n dinh thi nang luong va cdng suat twong d6i on dinh giira ca hai chu
ky d6 hinh 4.10 (e, ). Két qua nay cho thay rang, viéc toi vu cong suat cho cac thiét bi
trong qua trinh tao plasma la can thiét dé plasma tao ra duoc duy trinh 6n dinh va hiéu
qua nhat. Trong nghién ctu vé dac tinh dién hoc cua tia plasma ap suat khi quyeén, viéc
phan tich db thj Lissajous (Q-V) cung cap thong tin quan trong vé dic tinh phong dién
nhu hinh 4.11. Hinh 4.11 (a) minh hoa mi quan hé giira dién ap Vosp va dién tich Q tai
muc dién ap 4 kV va luu lugng khi 1 slm. Déi véi dir liéu thd 1a céc gia tri do duoc truc
tiép tir thi nghiém, chira nhidu do céc yéu tb méi trudng cung véi thiét bi do. Trong dd
thi Lissajous nay, co6 dit liéu thd biéu hién dudi dang dudng cong khong muot ma, véi
cac dao dong nho khdng mong mudn. Vi vay, viéc 1am min dix liéu 1a qué trinh xur ly di
liéu thd nham giam nhidu va 1am ndi bat xu huéng chinh. O day, biéu d6 dugc lam min
t6i 10000 diém so véi dix lieu gbe do duoc. Sau khi 1am min, d6 thi Lissajous tré nén dé
quan sat hon, giup dé dang nhan dién cac dic diém quan trong cua phong dién. Trong
qua trinh phong dién trong DBD-Jet, plasma khong duy tri lién tuc ma xuét hién va bién
mat theo chu ky dién 4p dat vao. Khi dién ap vuot ngudng phong dién, plasma bat dan
dén sy ion hoa va phong dién. Khi dién 4p giam dudi ngudng, plasma tat va qua trinh
phong dién ding lai. Trén db thi Lissajous, chu ky plasma "bat-tat" duoc biéu hién qua
cac doan duong cong twong ng Voi qua trinh tich iy va phong dién tich. Khi plasma
"bat", duong cong biéu thi su gia ting dién tich nhanh chéng. Khi plasma "tit", duong
cong cho thay sy giam dién tich hozc duy tri on dinh. Hinh 4.11 (b) cho thdy anh huéng
cua Viée tang dién ap tai luu lwong khi ¢é dinh (1 slm), trong khi hinh ¢ va d tap trung
vao anh hudng caa luu lugng khi tai mie dién &p cd dinh, diéu d6 thé hién rang ting luu
lwong khi dan dén dién tich do thi Lissajous 16n hon, cho thiy ning luong tiéu thu cao
hon va phong dién hiéu qua hon va dién ap dinh ciing c6 su khac nhau tuy nhién khong
thay ddi qua nhiéu. Khi dién ap dinh ting tir 3 kV dén 8 kV, dién tich bén trong do thi
Lissajous tang dan. Hinh dang do thi chuyén tir elip hep sang elip rong hon. Dién tich
d6 thi Lissajous ty 1¢ thuan véi nang luong tiéu thy trong moét chu ky phong dién. Doi
vé6i két qua hién tai & cac biéu do Lissajous cho thay ring, su hoat dong hiéu qua cua
mo hinh can duoc cai tién dé plasma tao ra c6 su 6n dinh hon nita dé huéng dén cac tng
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dung va nghién ctru sau hon nita dén cac thong sé khac trong plsama. Phuong phap dung
Vit trong tac v6i 1 tim phich dong dudi tia plasma dé do dién tich Q da rat tao nhiéu tin
hiéu nhidu & két qua nay, diéu dan dan dén viéc can xem xét dén khoang cach cua vat
turong tac so v6i dau phun cua tia plasma. Vi vay & két qua nay da phat hién ra rang néu
rng dung thue té cho cac (ng dung hiéu qua can khao sat thém yéu té khoang cach nay.
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Hinh 4.10 Anh hieong ciia ndng heong tiéu thy va céng sudt trung binh dén thoi gian
duy tri phong dién trong nua chu Ky dm va dwong véi twong vng 1, 3 va 5 slm
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Hinh 4.11 Biéu do Lissajous (a) Q-V tai Vapp = 4 KV va leu heong khi 1 slm, (b) Q-V tai
1 slm, (c) Q-V tai 3 slm, va (d) Q-V tai 5 slm

4.3.Panh gia, két luan va hwéng phat trién

Véi két qua ban dau mot md hinh plasma khi quyén st dung khi argon duoc xay
dung va thir nghiém vai diéu kién ap suat khi quyén tai phong thi nghiém cao ap truong
Pai hoc Su pham K§ thuat, cho phép nghién ctru sdu hon Vé cac tinh chat dién hoc caa
plasma ma khdng can hé thong chan khéng phic tap. Nghién ctru da t6i vu mé hinh véi
ngudn dién &p cao tan s6 cdng nghiép, gilp giam chi phi va dé dang wng dung vao thuc
tién, mé rong pham vi ang dung.

Nghién ciu da phan tich cac ciu hinh twong thich cung anh huéng caa cac tham
s6 nhu Iuvu Iwong khi, loai khi va dién 4p dau vao dén dac tinh plasma. Két qua cho thiy
sur t6i wu hoa dién ap va luu lugng khi argon c6 thé cai thién do 6n dinh va hiéu qua cua
qua trinh phong dién trong tia plasma ap suat khi quyén. Bac biét, khi dién 4p ting, dong
dién va cong suat tic thoi ciing tang, gitip plasma duy tri bén viing hon.

Anh hudng cta dién ap: Pién ap dau vao co vai tro quan trong trong viéc tao ra va
duy tri cudng d6 plasma trong mé hinh tia plasma ap suat khi quyén, dic biét o luu
luong khi 1 slm. Khi Vapp ting tir 1 kV dén 4 kV, dong dién phong dién gia ting dang
ké, biéu thi su tang mat do ion hoa. O mtc dién ap 3.5 kV tr¢ lén, qua trinh phong dién
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6n dinh hon va duy tri 1au hon, tuy nhién khi dat ngudng bao hoa, cac xung phong dién
tréd nén yéu dan, do moi truong khi khong thé tao thém ion va electron mai.

Luu lugng khi va ngudong dién ap phong dién: Khi luu luong khi tang, ngudng
dién ap phong dién c6 xu hudng giam. V&i luu lwgng khi cao 3 va 5 slm, qua trinh phong
dién on dinh hon, do c6 nhiéu phan tir khi ion héa. Tang luu luong khi giup duy tri
plasma trong thoi gian dai hon trong chu ky duong va am. Tuy nhién, & cac mic di¢n
&p trung gian, hiéu qua duy tri plasma khong dang ké khi so sanh vé6i dién ap cao sau
khi danh gia cac dac tinh dién hoc.

Ning luong tiéu thu va cong suat: O dién 4p cao, hé théng DBD-Jet tiéu thy ning
luong tirc thoi 16n va cho thiy cong suit tirc thoi ting nhanh, dong thoi mirc d6 plasma
on dinh va kéo dai hon. Tai dién ap 4 kV, nang luong ti€u thu tdng dot ngot va tap trung
vao qud trinh duy tri plasma. Tuy nhién, nang lugng ti€u thu qua ty dién C, it hon dang
ké, cho thdy phan 16n niang lugng duoc chuyén vao viéc duy tri plasma thay vi tich tu
trong dién dung.

Do thi Lissajous (Q-V) dugc sir dung dé phan tich chi tiét mbi quan hé dién tich-
dién ap, giup xac dinh rd hon cac diém "bat" va "tit" ciia plasma, dong thoi cung cip
gdc nhin mdi vé dic tinh dién hoc va d6 6n dinh ciia plasma. Két qua nay 1a nén tang
quan trong dé t6i wu hoa plasma khi quyén cho cac tng dung yéu cau sy 6n dinh cao.

Ung dung tiém nang trong y té va ndng nghiép: Vai tinh chét 6n dinh va hiéu qua,
mo hinh plasma khi quyén nay mé ra co hdi cho cac tng dung trong nhi€u linh vyc nhu
y te (khtr trung va xur 1y bé mat) va nong nghi¢p (kich thich ndy mam va sinh trudng cay
tréng.

Dinh hudng phat trién mo hinh trong twong lai: Cac két qua tir nghién ciru chi ra
rang viéc toi wu va lya chon cac thiét bi cung véi cai tién cac diéu kién thi nghiém la co
s& dé danh gia hiéu qua cua plasma duoc tao ra. Ngoai ra, dé nghién ciru cac thanh phan
hoa hoc va cac tinh chat khac ciaia plasma, viéc st dung pho phat xa quang hoc dé quang
sat cac trang thai kich thich ciia nguyén tir va phan tir rat can thiét. Bén canh d6, khoang
cach giita mau vat va dau phun plasma gitp giam nhidu va ting cuong hiéu qua. Day la
co s& dé phat trién cac hé thong plasma 6n dinh hon, dap tmg yéu cdu cta nhiéu nganh
cong nghiép va nghién ctru méi truong, tao nén tang cho nhimng ing dung sau rong hon
trong tuwong lai. Vi diéu kién thi nghiém hién tai, két qua nghién ciu, chi duogc thyuc
hién dudi 1 loai khi la argon. Vi vay viéc thuc hién da dang cac loai khi ciing nhu hon
hop gitta cac loai khi nay nhu He, Ar/O,,...can thiét cho cac nghién ciu phat trién sau
hon.
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PHU LUC

Phwong phap thuc hién, tinh toan céc két qua:

Két qua hinh 4.2 (c), cdng suit tic thoi duoc tinh dwa theo cdng thirc 1.12 d trinh
bay & chuong 1, véi cdng suat tic thoi trong 1 chu ky, dién ap Vapp NhaN Vi iot, VO i
tong trén toan mach duoc xem nhu bang Vai i, Vi lac nay dong dién qua tu rat bé va
khéng anh hudong dén két qua khi xét ¢én nang luong tiéu thu, vi vay cong suat tic thoi
tinh duoc va biéu dién nhu duéi.

B Book2 *

sy | sea [ com [ ova | e [ roa | e 2@ oz [ wea | wel)] wozd@] e,
Ll time Ua Ug ud idis idisp itot P W) EQ) Pavg peak Xung Vbre:kduw
Units kv KV (A (A) (A)
Max 390283 14673 28527 0.08907 003747 009655 | 24083436 | 733916E6 053133 001153 1 1 0.05007
Sum -3350.16321) -127D.2000 | 22254591 5327558 | 3695078 | -95.30355 | 205661764 Son1063 400237844 223025 250 005807
Mean 000665 | -D00253 | -0.00441 -1 153G7E-4 -7374B9E-5 -13B72E-4 | (052606 |2 10475E-8 028853 000793 | 044163 | 48504964 240451E-7
‘Comments
. a Cong suft
Bin 4p dt t;g?:;‘;?ﬂ trung binh  Nang lwong
véo DED quaxDBD E tich ity
tong*f
= B*GH000 | ((HeHIi M2 Al 11A) {EN<Efi+1]}? f{{abs(EN}=  ifi(abs(E
] 0 42909469 1 0 0
Q 250 0|-1.72096E-9 B5.43641E-9 1 o 1]
= -0.08805 | -1.72096E-9 25312869 1 0 0
= 0| 87916E-18 85818669 1 0 0
g 439858611 879166-18 35313869 1 0 0
= ] 0 25312869 1 0 0
= 0|-1.741236 8 1.21577E8 [ 0 0
e ~0.08708 -1 7412369 15733468 0 0 0
- 4437611 | 2.0601E-21 15732468 0 0 0
‘s 4 4473E-11| -2.060E-21 1.57334E-8 ] o 1]
£ 4458611 |-1.75744E-9 16443658 1 0 0
o ~0.08787 | -2.518836 9 20738568 [ 0 0
£ ~0.08807 | -1 7614968 24315363 0 0 0
5 0| a.8976E-19 24215385 1 0 0
g 44988611 | 89976618 24315368 [ 0 0
o 0| -9.039E-19 24315363 1 0 0
8 4519E-11| -9.039E-18 24215385 0 0 0
o ] 2.43153E-8 ] o 1]
8| -9.100E-19 24315388 0 0 0
~4.5502E-11|-1.79384E 8 2 G4608E-8 1 0 0
Thei gian (ms) -0.08989 | -1 79384E-9 2 B8083E-3 0 0 0
0| -9.1626-19 28506365 0 0 0
4.587E-11| -8.1626-18 285063E-8 [ 0 0
31| -000882  -0.05051 00218 00381 0.00108 0 0 8| 9.2031E-19 2 B8083E-3 0 0 0
32 000882 005062 00218  0.0381 0| -4.545£-13) -9.091E-13) 4601SE-11| 9.2031E-19 28506365 0 0 0
33 -0.00892 -0.05073 0.0385 0.0635 -0.00109 ] o 0| -9.244E-19 2.86063E-8 1 o 1]
3% -000s02) -005084) 00218  0.0381 0| 45453613 9.0907E-13| -46226-11| 2.05126-21 28808363 0 0 0
35| 000882 005095  0.0213  0.0381 45453E13 4545613 D.091E-13) 46323E-11| 0.26466-18 285063E-8 1 0 0
36| 000832 005107 00365  0.0635 45453E-13 0 0 8| 18301769 2 B4B03E-3 0 0 0
1|>‘+|V\unecy|e{" ||(

Trong hinh 4.2 (d), dé c6 duoc ning luong tiéu thy theo thai gian, tinh tich phan
cong suat tac thoi theo thoi gian nhu cong thic s6 1.17. Biéu d6 dugc vé gitta phép tinh
va theo thoi gian, két qua nhu da trinh bay truée d6. Cac két qua & hinh 4.4 va hinh 4.8
la két qua caa ca qua trinh thyc hién tirng diéu kién véi cac mie dién 4p dat vao khac
nhau. Trong hinh dudi, két qua da thuc hién 2 cach khac nhau dé tinh téng ning luong
E qua DBD.

O két qua theo cach tinh thong thudng, mot phép tich phan ting phan cua cac
khoang thoi gian khac nhau, (ham duoc xay dung & day: ((H+H[i+1])/2)*(A[i+1]-A)),
trong d6 H 1a cot gia tri cdng suit tirc thoi va A la cot thoi gian, sau d6 lay tong cua tat
ca cac phép tich phan tiring phan d6 va co dugc E qua DBD. Cach hai la ting dung chuc
nang ctia phan mém dung tich phan va vang caa phép tich phan dé chinh la tong cua E
qua DBD, véi hai két qua cho dugc chinh xac va twong thich. Khi ¢6 E, Payg dugc tinh
biang c6ng thtc 1.18 bang cach nhan vai tan sé f 1a 50 Hz.
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Iv2) &

Hey2) B

G(Y2) J(Y2)

1 tot

(A)
0.09655

P (W) E (J) Pavg

24093436 7. 83916E-6
265661.7648
4

0.53133

-95.30355 0.01063

-1.8872E-4 0.52606  2.10425E-8  0.28953

cong suat Cong suat

[ S trung binh
tirc ::r]lgbqua qua DBD E
tong*f
B*G™1000  ((H+H[i+1])/2)"(Ali+1]-A)

9.09069E-13 -4.282E-11 -1.715E-18 0.53133

Q(Y2) d'3| R(Y2) 1‘

ser2) B 7er2) Y

Integrated

Ua Yi

4.02
-3355.06
-0.00664

Integrate of
P (W)
Dién ap gat x=(-0.008920
vao 04,0.01128)
Area =
0.0106265

5000 pts SG
smooth of
"Ua"

-0.04711 0

Integrated
Y2

0.00824

Integrate of
P (W)
x=(-0.008920
04,0.01128)
Area =
0.0106265

R*50

0

Két qua ciia phép tich phan cong suit sirc thoi theo thoi gian dé ¢ ning luong

tiéu thy theo thoi gian trong 1 chu ky.

E Book2 * - =] X
2] @] oz | w2 | waB] wee@l] wee@] ova [ eoz | avedf] eoafh] soe@] toa@] vl vez | woeB) s
Long Name Vbreakdow ntegrated Iniegrated | niegrated
g P (W) E () Pavg peak Xung - Ua 5\',1 2,2 2,3 PO
Tnis
Wax| 24093436 783916E6 053133 001153 1 1 005907 402 2403
S 2559; 7641 001063 400232644 223025 250 008807 235506 2559;
Mean| 0.52608 | 2.10425E-8 028953 | 0.00793 | D0.44163 49504964 2404S1ET -0.00864 0.00824 (5]
Comments CErrroal ntegrate of | IMegrate o
cong sudit Céng suit Py P o) x=(-c?‘;us‘32 cong :
tire thiiqua gl R ang heong Dién ép ait | XSCON0EI X0.00892 001128 the the
QuaDBDE | tich iy vao | DD4001128 004,0.01128 004/
bED thngef ) Area = VArea= | Areas B
00106265 0.0106265 '2-“?55'9
Fig=| B'G*1000 | ((H-HI=TIN2I (AL 1A) ((EM<Eli+11¥ f{(abs(EM>  ifi(abs(E}=0.008(L==1),E.0) Res0 274528785 BISO
Tsthod 5000 pts 56 5000
smooth of smooth
e i
[ 0.04711 0 0 0 0 2745311 94211364 00
B 0.04722 \TISE-13|-BETEET| -17ISE-13| 21BBE-11| 27453611 -9.44333E-4 0.0
3 0.04733 \TI3E-18| -BEG4E-1T -1TI3E-13 21B3E-11 2745311 94EEE1E-4 0
4 0.04745 BS2IE-19| 4262617 -BE2IE19 -21BBE-11| 27453E-11 94393564 0.0
B a 0.04756 -1.70066E-9 -8 5032863 -1.700BEE-9| -4 37BE-11| 27453611 95120764 0.0
5| < 312 D.04767 D40131E.9| 1 700BBE7| 3 4D131E.9| BEG4E 11| 274536 11| 9534794 00
7 < D.04779 3.40131E.5| 1 TO0GBE7| 3 40131E.9| 5 5G4E 11| 2T453E 11| BESTEIES| 00
5 E D.0479 3.40131E5| 1 TO0GBE7 | 3 40131E.5| 5 5G4E 11| 274536 11| B5B022E 4| 00
] wlo D.04301 D.40131F-5| 1 TO0GBE7 | 3 40131E.5| 5 564E 11| 274536 11| B6029ZE4| 00
70 g 04313 5.12237E.5| 25611367 | 51Z227E 8| BT5E 11| 2T45E 11| B66HA| 00
71 < 3 04324 5843275 5| 3 471BIET| 6 B432IE 5| DTS 11| 2T 1| A64BIHA| O
B E D.04336 | 5.84327F 5| 3 471B1E 7| 68432 5| BEG4E 11| 2T45IEA1| BETIDIES| 00
B =t D.04347 5.84327F 5| 3 471B1E7| 6 B432E 5| 5 5G4E 11| 2T453E 11| BBUIBOE4| 00
Ta El D.04358 | 5.84327F 5| 3 471B1E 7| 68432 5| BEG4E 11| 2T45IE 11| BTIBITEA| 00
[E 2 D.0437 5.53446F.5| 4 297730 7| B 5B44BE 5| 5 5G4E 11| 2T45E 11| BTIEL| 00
16 E D.04331 103257E.B| 5 1628567 | 1 03Z5TEB| BTSAEA1| 2T4SIEA1| ATBITIES 00
17 4 o D.04337 1 03257E.B| 5 1628567 | 1 03Z57EB| 1 313E10| 2T453E 11| BTB4ITEA| 00
15 E D.04304 1 03257E.B| 5 162B5E.7| 1 03Z57EB| 1 532E10| 27453E11| BBOTOEA| 00
e =2 D.04315 1 20831E.B| 5 04157E.7| 1 208318 1 532610 27453611 9B296BE4| 0.0
0 = D.043%6 1 56021E.B| 7 BI03E7| 1 S60ZIEB| 1 532E 10| 27453E 11| 98524 O
£ 7 0 D.04337 1 T3636E.B| BBBITBE 7| 1 T3636EB| 1 532E10| 2T453E 11| BBT4E4| 00
7| 4 D.04349 1 T3636E.B| B BBITBET| 1 T3B36EB| 153210 2T45IEA1| BBOTEEA| 00
& D.0456 1 T3R36E.B| B BBITBE 7| 1 T3636EB| 1 53210 2T453E 11| BEOZEA| 00
] Théti gian (ms) D.04571 1 T3636E.B| B BBITBET| 1 T3636EB| 153210 2T45E 11| BB4ZBEEL| 00
S D.04383 1 T3636E.B| B BBITBE 7| 1 T3B36EB| 1 53210 2T45E 11| BOBSATEA| 00
S D.04394 1 T3636E.B| B 6BITBE 7| 1 73636EB| 1 53210 27453E 11| B9BBOBE4| 00
37| 4 5502E 11| 1 7938469 2 B4BOBE B 1 0 0 D.05005 1 T3636E.B| BBBITBE 7| 1 7363BEB| 153210 2T453EA1| 0001 00
35| 000959 17908460 2 BB0B3EB 0 0 0 05017 ASIST4EB| B5TBTET| 1 GIST4ES| 153210 27453 A1 0001 O
£ 0| 816218 2 BB0B3EB 0 0 0 -0.05028 20851268 1.04756E.5 | 20851268 1 S32E-10| 27453611 000101, 00
[ [+[v]\one cyle / < >

62



Book1 *
aw | B | e [ bm | Em | Fwm |
Long Name 1 slm 3 slm 5slm
Units Equatu
Comments
Fx)=
2 1.5 3.42727E-4 1.32144E-8 3.88273E-4 5.28553E-4
3 2 9.54644E-4 2.45531E-8 0.00109 9.06977E-4
4 25 0.00254 4.44045E-8 0.00225 0.00185
5 3 0.00311 6.55397E-8 0.00367 0.00422
6 3.5 0.00683 1.86961E-8 0.00545 0.00583
7 4 0.01008 2.64395E-8 0.01002 0.01094
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

-
5]

[
=

Niing lwgng tiéu thy E / chu ky (mJ)

@

5

(a) —&—E qua tu Gy

—&—E qua DBD-Jet 1slm

—#—E qua DED-Jet 3slm

=ie—E qua DBD-Jet 5 slm

N
10 Ls 0 25

Dién ap ap dung (kV)

4| +|V M Pavg )\E{( Idis Idisp ltot A thdi gian pd thee E ]( P tdc thdi ]( P tdfc thdi qua tu A thdi gian pd theo Pavg ul <

B ook =
aw | Bn | om | bm | Em
Long Name 1 slm 3 slm 5 slm
Units Pavg qua tu
Comments
Flx= o
1 1 0.00102| 1.4352E-8 0.0025 0.00145 'E (h) —A— Payg qua ty Cpy
2 1.5 0.01714 6.6072E-T7 0.01941 0.02643 E 500 —8— Pyyg qua DBD-Jet 3 dm
3 2 0.04773 1.22T66E-6 0.0545 0.04535 = —#— Py qua DED-Jet 3 sm
4 25 0.127| 2.22023E-6 0.1125 0.0975 :'E 400 —#— Pyyg qua DBD-Jet 5 sm
5 3 0.1555 3.27699E-6 0.1835 0211 P
6 35 0.3415 9.34805E-7 0.2725 0.2915 A’ 300l
7 4 0.5045 1.32198E-G 0.501 0.547 =
: £
g ; 200
10 i‘
11 5 100 |
12 w0
13 2 ol " & & " "
14 & 1 1 1 1 1 1 1
15 1.0 L5 2.0 25 3.0 35 40
16 Dién ap ap dung (kV)
17
18
19
20
21
22
23
24
25
26
27
28
29 &
4 I b+ |V }«Pavg ‘EA Idis Idisp Itot A thdi gian pd theo E A P tifc thdi A P tiic théi qua tu A thdi gian pd theo Pavg ul < ”_

63



Tinh s6 lweng xung phéng dién trong 1 chu ky:

B1: Xay dung ham: ((E[i]<E[i+1])*(E[i]<E[i-1])+((E[i]>E[i+1])*(E[i]>E[i-1]))

Muc dich dé kiém tra cac gi4 tri trong cot E dong igis €6 thudc gia tri cuc dai hodc
cuc tiéu va néu dung s& dua vé 1 va néu khdng 16n nhat hoic nhoé nhat so vai hai gia tri
lan can s& tra vé 0.

AX1) B2} cv2) DOY2) E(v2) F(v2) GY2) HerziB 2@ Jorz) K(v2) Loz o) ne2®) oz PrY2) |~
Long Name time Ua Ug ud idis idisp itot P (W) EJ) Pavg peak Xung Vbreerllkduw
Units [ kv ® ) ®
Max 3900258 14673 25527 005907 003747 009655 240093436 783016E-6 053133 001153 1 1 0.05007
£ ’33591-1532 -1279.2009 -2225.4501 -58.27558 -36.99078 | -05.30355 255535-: 76 001063 40024325“ 223025 250 0.05907
Wean 000665  -000253 -0.00441 -115307E- -7 324B9E- -18872E-4 052606 |210425E-8 028953 000793 044163 |495049E-4 2 40451E-7
Comments
chng sudt Céng suét Nang
Bién ap dat tire thivi janalbanty Iweng tich
vao DED qua DBD E I
qua tang*f uy
Fix)= B*G*1000 | ((H+Hfi+ )W (EN=E+ 1D (EM=E-11)+((EM=El+11"(ENFEN-11) ==0.005(L==1).E,0)
Method
1| -000892 -004711 00385 00835 -000109 45456-13 9091E-13 -428E-11 -171E-18 | 053133 2 009E-1a 1 0 0
3| 000892 -004722 00219 00381 4545E-13 4545E-13 9.091E-13 -4 20E-11  2067E-21 2909E-18 1 ] ]
3| -000892 -004733 00219 00381 0 -455E-13 -909E-13 4303E-11  8606E-19 1818E-18 ] 0 ]
4| 000892 -0.04745 00365  0.0635 -4.55E-13 0 0 0 -1.701E-9 21455E-9 0 0 0
5| -000892 -0.04756 00219 00381 -0.00109 6939564 000179 -0.08503 -1701E-0 4.2009E-0 1 0 0
5| -000892 -0.04767 00219 00381 4545E-13 -4.55E-13 -9.09E-13 4.334E-11 6.868E-19 4.2909E-9 0 0 0
7| 000892 -004778 00385 00635 4545E-13 0 0 0 0 42909E-9 0 ] 0
3| -000892 -00479 00219 00381 -455E-13 ] 0 ] 0 42909E-9 1 ] ]
9| -000892 004801 00365 00635 0 -1721E-9 6.4364E-9 1 0 ]
0| -0.00892 -0.04813 00219 00381 -0.00109 6.9395E-4 000179 -0.08605 -1721E-9 8.5819E-0 1 0 0
11| 000892 -0.04824 00219 0.0381  0.00109 0 0 0 8.792E-19 8.5819E-0 1 0 0
mnl—n nnoasT nnsoos nnnialnnaos A A EEc 331 mnnc 33 4 onac 3+ o 7ane s ozotnc o g

B2: Khi di loc duoc cac gia trj va dua vé véi 0 va 1, twong Gng véi cac gia tri cua
tirng xung phong dién va bién d6 cua cac xung phong dién la khac nhau, xay dung ham
“if((abs(E[i])>=0.005)*(L==1),1,0)”. O két qua nay, da loc cac xung phong dién véi
ngudng bién d6 dong dién 1a 0.005 A (5 mA). Muc dich chon ngudng bién do nay thap
vi mong muén xem xét duoc nhidu xung phéng dién va ciing 1a muc dich cho viéc xac
dinh thoi gian phong dién va ngudng dién ap phong dién dugc chinh xac khi truy xuat
dugc nhiéu diém xung phéng dién. Trong ham nay, cot L chinh 1a cot minh vira thyc
hién tai budc 1 va cho diéu kién cac gia tri trong cot L bang 1 va déng thoi cung voi
diéu kién c6 16n hon hoic bang 5 mA hay khéng, néu ca hai dung tra vé 1 va mot trong
hai diéu kién sai thi tra vé 0, két qua c6 thé thay khi téng la 250 xung thoa man diéu kién
duoc tim thay.
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AN | Be@ | coa) | Do) | Eta) | Foe) | ev) | HozR) 2@ Jva) | k) | Leo@y) woz@) 2@ ovz) | P | A
Long Name time Ua Ug ud idis idisp itot P (W) E) Pavg peak Xung Vbrer:kdnw
Units KV kY (A) (A) (A
WMax 300258 14673 25527 005907 003747 009655 240.93436 7.83016E-6 053133  0.01153 1 1 0.05007
£ '33591-1532 -1279.2000 -2225.4501 5827556 -36.09078  -05.30355 2553;: 6 001063 4002‘-13254 223025 250 0.05907
Wean -0.00665 -0.00253 | -0.00441 -115307E- -7.32480E- -18872E-4 052606 2 10425E-8 028953 000793 044163  495049E-4 2 40451E-7
Comments
céng sudt Oéng sudt MNang
Dign a0y dat tirc thivi G Iwgng tich
vao DED qua DBDE I
= tong"f uy
Flx= B*G1000 | ((H+H[I+1TV2) (Ali+11A) f({abs(Efil)>=0.005)"(L==1).1.0)  ==0.005)(L==1).E. 0)
Method
1| -000892 004711 00365 00635 -000109 4545E-13 9091E-13| 428611 -171E-18 053133 2909E-18 1 0 0
2| 000892 -0.04722  0.0219 00381 4545E-13 4545E-13 0.001E-13| -4.29E-11 2.067E-21 2.909E-18 1 0 0
3| -000892 -0.04733 00219 0.0381 0 -456E-13 -9.09E-13 4.303E-11 8.606E-19 1.318E-18 0 0 0
4| 000292 -0.04745 00385 00635 -455E-13 0 0 0 -1.701E-9 2.1455E-9 0 0 0
5| -000892 -0.04756  0.0219)  0.0381 -0.00109 59395E-4  0.00179| -0.08503| -1.701E-9 4.2909E-9 1 0 0
6] -000892 -0.04767  0.0219)  0.0381 4.545E-13 -455E-13 -0.09E-13| 4.334E-11| B.668E-19 4.2909E-9 0 0 0
7| -000892 -0.04779 00385 00835 4545E-13 0 0 0 0 4 2009E-0 0 0 0
8| -000892 -00470 00218 00381 -455E-13 0 0 0 0 4 2009E-0 1 0 0
9] -000892 -004801 00365 00635 0 0 -1721E-9 5 4364E-9 1 0 0
10| -000892 -004813 00219 00381 -000109 69395E-4 000179 -0.08605 -1721E-9 8 5819E-9 1 0 0
11l 000802 -0.04824)  00219) 00381 000109 0 0 0l 8792619 £.5819E-9 1 0 ]

Qua trinh tim sé lwong xung phong dién da két thac, tuy nhién & ddy cé sir dung
ham nay “if((abs(E)>=0.005)*(L==1), E, 0)”. Muc dich dé truy xuat cac gia tri goc cua
cot E (tuc la igis), d& d& dang thudn tién cho viéc loc cac gia tri cia 250 xung vira tim
thiy dé phan tich thoi gian duy tri phong dién va ngudng dién ap phéng dién nhu dudi.
Két qua nhu hinh 4.3 va 4.7 trong chuong 4.

A1) | B2 | cv2) | D) | E(Y2) Fi2) | 62y | He2@®) o) ) K(Y2) Lz noz@) nee@) ov) | Pz |~
Long Name time Ua Ug Ud idis idisp itot P (W) E() Pavg peak Xung PeT;;:ua
Units KV kv (A) (A) (6]
Max 3.90258 14673 25527  0.05907 003747 0.09655 240.93436 7.83916E-6 053133  0.01153 1 1 0.05907
Su ’33591-1532 12792009 2225 4501 -58 27558 -36.99078 -0530355 2555:;-75 001063 4“243254 223025 250 0.05907
Wean 0.00665 0.00253  0.00441 -115307E- 7.32480E- 1.8872E-4 052606 21042568 028953 000793 044163  4.95040E-4 2.40451E7
Comments
cong sudt Céng sudt Nan
Bién ap dat Ng SUZ trung binh 9
. tirc thoi leng tich
vao DBD qua DBD E I
eE tong=f uy
Fl)= B*G*1000 | ((H+HII+1IV2)*(Ali+11-4) ((ETij<E[i+1] M((abs(E}>=0.0051(L==1), E, 0}
Method
1] -0.00892) -0.04711  0.0365  0.0635 -0.00109 4545613 9.081E-13| -4.28E-11) -1.71E-18| 053133 2.909E-18 1 0 0
2| -0.00892 -0.04722)  0.0219 00381 4.545E-13 4.545E-13 9.091E-13 -4.29E-11| 2.067E-21 2.909E-18 1 0 0
3| 000392 0.04733 00219 00381 0 455613 -9.00E-13 4.303E-11| 8.606E-19 1.818E-18 0 0 0
4| 000892 004745  0.0365 00635 -4.55E-13 0 0 0 1701E9 2145569 0 0 0
5| 000892 -0.04756 00219 00381 -0.00109 593954 000179 -0.08503 -1701E-9 4.2009E-9 1 0 0
6| -000892 -0.04767 00219 00381 45456-13 -4556-13 -908E-13 4.334E-11  8.663E-19 4.2009E-9 0 0 0
7| -000892 -0.04779) 00365 00635 4545E-13 0 0 0 0 4.2009E-9 0 0 0
8] -0.00892 -0.0479  0.0219  0.0381 -455E-13 0 0 0 0 4.2009E-9 1 0 0
9] -0.00892 -0.04801  0.0365  0.0635 0 0 -1721E-9 6.4364E-9 1 0 0
10| -0.00892| 0.04813 00219 00381 0.00109 6939554 0.00179 -0.08605 -1.721E9 2.5819E-9 1 0 0
11| -0.00892| -0.04824 00219 00381  0.00109 0 0 0| 8.792E-19 2.5819E-9 1 0 0

Khi co duoc két qua cua sb lwong xung phong dién va cac diéu kién & trong Book
2, Bé loc cac dir liéu trong 250 xung vira tim thay do, ding chire ning loc dit liéu bang

cach sir dung lénh Worksheet Query dé loc dir liéu.
B1: Chon cét trong Book 2 vira phan tich < Cot N, véi tén la Peak cua igis”
B2: Vao Worksheet chon Worksheet Query dé mé cira s6 Worksheet Query
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View Data Plot Column | Worksheet | Restructure Analysis Statistics Format Tools Preferences Connectivity Wine
IBM/-BBREE =S SortRange 'EE & QREPDe 4B, 2L
AR AR B R Sort Columns 4" =& Bp Default: Arial E -|B 2
Sort Worksheet A
Sort Columns by Label... [ m
? @ Bookl5 - Clear Worksheet...
Book5 - :
gorts:eet Script... D(Y) | E(Y) ‘ F(Y) ‘ G(Y) ‘
Long Nar \orksheet Query... Ud i dis i disp tot
Long Nlj Un Copy Columns { Use Labtalk condition expression to mask or extract desired data from the activ
M
. Su Remoye/Combit _ ¢ty ¢, ore details -
E Me; Reduce Columns.™ Pe469 001351 000857 002209
M Commen Reduce Rows... 1
Comme Fx
Reduce to Evenly Spaced X...
F Reduce Duplicate X Dat -0.9271 0.0175 0.0111 0.02861
i 05461 001203 000763  0.01967
Reduce by Group.. 05715 000656  0.00416  0.01073
Convert to XYZ...
Convert to Matrix »
Conditional Eormatting 4 C(v2) D(r2) E(Y2) Fv2) ]
B3: Trong ctra s6 Worksheet Query, nhap diéu kién dé loc dir li¢u
B Worksheet Que Book?2]"one cyle — ¢
File Scripts Function
Columns: > Condition: []Use Alias
' Extl Name »  If abs(col(E)) »>= 8.885 && col(E) > @ && col(| Forexample,
' Al=0
| time A==2
1 va ISNA(A)
| abs({A)=3.5
[ [+ e
Ug Year(A)==2021
T Ud
2 i dis Add..
i .
| i disp
Remaove
i tot
v P (W) AND OR
d ||«
| E NOT (|2
Fi Pavg < >
5.
i K Rows Found : -- | Test -- select if true |

B4: Thu duogc két qua loc dir liéu duge nhu dudi. Ngoai ra, co thé sir dung matlab
dé xay dung cac 1énh nay, sau dé trich dir liéu tir biéu db véi diém xuét hién cua xung
phéong dién va goi cac diém do ra file excel dé tinh toan nhu thong thuong.

Hai ham nay dung dé loc dit liéu trong chu ky duong va c6 nhiéu cach xay dung
ham d¢é loc dit liéu nay.

abs(col(E)) >=0.005 && col(E) > 0 && col(M) ==
(col(E) >=0.005 || col(E) > 0) && col(M) ==
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Vbreakdown Théi gian d

A(X) B(Y) C(Y) D(Y) E(Y) F(Y) G(Y) H(Y) I(Y) J(Y) K(Y) L(Y) M(Y) N(Y)
Long Name: time: Ua Ug ud idis idisp itot (W) J) Pavg peak Xung
Units KV kv (a) A (A)
Max| 0.00751 3.94 1.4381 2.5019 0.05907 0.03747 0.09655  241.54413  7.4362E-6 0.01145 1 1 0.05807
Sum| 0.32419 206.36 753214 131.0286 1.37837 0.87437 225274 43363519 1.47413E4 1.04394 102 102 0.05807
Mean| 0.00318 2.02314 0.73845 1.28469 0.01351 0.00857 0.02209 4251325 1.44523E-6 0.01023 1 1 0.01351
Comments Dién &p dat cong suétt Céng suét tr Nang lurong
Fx=
1 -8.8E-14 -1.46 -0.5329 -0.9271 0.0175 0.0111 0.02861 -41.76514 -1.533E-6 0.00985 1 1 0.0175
2| 42132E-4 -0.86 -0.2138 -0.5461 0.01203 0.00763 0.01967 -16.91345 -6.150E-7 0.00989 1 1 0.01203
3| 42144E-4 -0.9 -0.2285 -0.5715 0.00656 0.00416 0.01073  -9.65461 -4.505E-7 0.00989 1 1 0.00656
4| 4.2148E-4 -0.9 -0.2285 -0.5715 0.00875 0.00555 0.0143 -12.87282 -4.505E-7 0.00989 1 1 0.00875
5| 4.216E-4 -0.9 -0.3285 -0.5715 0.00547 0.00347 0.00894  -8.04551 -3.361E-7 0.00989 1 1 0.00547
6| 4.2164E-4 -0.98 -0.3577 -0.6223 0.00547 0.00347 0.00894  -8.76067 -3.433E-7 0.00989 1 1 0.00547
7| 5.2452E-4 -0.74 -0.2701 -0.4699 0.01532 0.00972 0.02503 -18.52256 -7.5163E-7 0.00989 1 1 0.01522
8| T.9552E-4 -0.38 -0.1387 -0.2413 0.00656 0.00416 0.01073  -4.07639 -1.087E-7 0.00988 1 1 0.00656
9| 8.962E-4 -0.34 -0.1241 -0.2159 0.04704 0.02984 007688 -26.13897 -1.063E-6 0.00988 1 1 0.04704
10 0.00111 -0.02 -0.0073 -0.0127 0.00656 0.00416 0.01073 -0.21455  -7.867E-9 0.00087 1 1 0.00656
1 0.00116 0.02 0.0073 0.0127 0.00985 0.00625 0.01609 032182 3.636E-19 0.00087 1 1 0.00985
12 0.00116 -0.02 -0.0073 -0.0127 0.00985 0.00625 0.01609 -0.32182 T7.152E-10 0.00087 1 1 0.00985
13 0.00116 -0.02 -0.0073 -0.0127 0.01641 0.01041 0.02682 -053637 -2.002E-8 0.00087 1 1 0.01641
14 0.00137 022 0.0803 0.1397 0.05907 0.03747 009655  21.24015 7.20878E-7 0.00088 1 1 0.05007
15 0.00137 0.06 0.0219 0.0381 0.00085 0.00625 0.01609 0.86546 3.86185E-8 0.00088 1 1 0.00985
16 0.00137 0.06 0.0219 0.0381 0.00085 0.00625 0.01609 0.86546 2.43153E-8 0.00088 1 1 0.00985
17 0.00148 03 0.1095 0.1905 0.01203 0.00763 0.01987 580004 2.2742E-7 0.00088 1 1 0.01203

0.00751

abs(col(E)) > -0.005 && col(E) < 0 && col(M) == 1 trich xuat xung tai chu ky am
abs(col(E)) > 0.005 && col(E) < 0 && col(M) == 1 hoac cach nay
abs(col(E)) >= 0.005 && col(E) < 0 && col(M) == 1 hoac cach nay

@ Book11 - Extracted From [Book2]"one cyle" *

(=]

s

AX1) ‘ B(X2) ‘ cY2) | D(Y2) ‘ E(Y2) | F(Y2) ‘ G(Y2) ‘ H(Y2) | 10v2) ‘ Jv2) ‘ Kir2) | L(r2) ‘ M(Y2) | N(Y2) ‘ ~

Long Name
Units.

Max

Sum

Mean
Comments
Flx)=
Method

1

|~ o o] & wn

9
10
11
12
13
14
15
16
17
18
19
20

time Ua
1.15781
-174.91024
-1.18183

Bién ap dat
-0.0088 -0.26498
-0.00875 -0.30052
-0.00875  -0.20059
-0.00868 -0.34176
-0.00868 -0.34196
-0.00868 -0.34202
-0.00868 -0.34208
-0.00868 -0.34214
-0.00867 -0.3424
-0.00859  -0.47554
-0.00858 -0.47564
-0.00858 -0.47585
-0.00858  -0.47594
-0.00858 -0.47602
-0.00841 -0.68463
-0.00841 -0.68494
-0.00841  -0.68499
-0.00841 -0.68512
-0.0083 -0.83942
-0.0083  -0.83943

Ug Ud
KV KV
0.4891 08509
546478 | 950722
036924 064238
00073 00127
00073 -00127
00219 -0.0381
00657 01143
00657 01143
00511 -0.0889
00511 00839
00657 01143
00511 -0.0889
00049 -0.1651
00949 01651
00949 -0.1651
00949 -0.1851
00049 01651
01679 02921
01679 -0.2921
01533 -0.2667
01679 02921
02409 -04191
02263 -03937

idis i disp
(A) A
-0.00547 | 6.93946E-4
-1.25694 -0.08258
-0.00849 | -5.5797E-4
-0.01313 0
-0.01094 -4.55E-13
-0.00766 | 6.93946E-4
-0.01094 -4.55E-13
-0.00547 6.93946E-4
-0.00766  -4.55E-13
-0.00547 6.93946E-4
-0.00547  4.545E-13
-0.00547 -4.55E-13
-0.00985 0
-0.00656 0
-0.01094 0
-0.00766 | 6.93946E-4
-0.00766 0
-0.01422 | 4.545E-13
-0.00547 0
-0.00766 0
-0.00766  -4.55E-13
-0.00875 -6.939E-4
-0.00656  -0.00139

i tot P (W) E()) Pavg
(A)
0.00179 11.55807  2.31161E-T -
-0.21278 162761 | 6.67646E-T
-0.00144 0.011 4.51112E-9 -
cong sudt t Coéng sudt tr
0 0/9.4767T1E-9
-9.09E-13 2.732E-10| 5.464E-18
0.00179  -0.53742 -1.075E-8
-9.09E-13 3107E-10 | 1.2428E-17
0.00179 -06114 -1223E8
-9.09E-13  3.109E-10| -1.223E-8
0.00179 -061161 -1.223E-8
9091E-13  -311E-10| 8.764E-22
-9.09E-13  3.113E-10| 6.225E-18
0 0 0
0 0| -1.701E-8
0 0| -1.702E-8
0.00179  -0.85092| -1.702E-8
0 0| 8656E-18
9091E-13  -6.22E-10| 7.296E-22
0 0| 1.245e17
0 0 2.44958E-8
-9.09E-13 6.228E-10 2.491E-17
-0.00179 1.50079 9.00484E-8
-0.00358 3.00163 | 9.00498E-8

0.01038

0.62085

0.00419
Nang lrong

-6.1954E-6
-5.334E-6
-5.339E-6
-2 GBBE-6
-2 700E-6
-2.705E-B
-2 T10E-6
-2 T10E-6

-2 7133E-6
6.8512E-6
6.8419E-6

6.82331E-6

6.81401E-6
6.81401E-6
3.80821E-5
3.80821E-5
3.8097T1E-6
3.80792E-5
6.65153E-5
6.65832E-5

peak

1
148
1

abs(col(E)) >= 0.005 && col(M) == 1 Loc dir liéu toan bo trong 1 chu ky

Xung

Peak cta Idi

-0.00547
-0.00547
-0.00849

-0.01313
-0.01094
-0.00766
-0.01094
-0.00547
-0.00766
-0.00547
-0.00547
-0.00547
-0.00985
-0.00656
-0.01094
-0.00766
-0.00766
-0.01422
-0.00547
-0.00766
-0.00766
-0.00875
-0.00656

axty | Be@ [ cove) [ bea [ Eva | Fva) | ot | Hva) v2) w2y | kva [ e | Mo [ N ]
Long Name time Ua Ug ud idis idisp i tot P (W) E (J) Pavg peak Xung Peak cda Idi
Units kv kv )] (A) (A)

Max 3.89346 1.4235 2.4765 0.09907 | 6.93946E-4 0.00179 11.55807 | 2.48325E-7 0.01138 1 1 0.05807
Sum 31.18028 14.7314 25.6286 0.12143 -0.0805 -0.2074 21.94329  1.30279E-6 1.66143 250 250 0.05907
Mean 0.12472 0.05893 0.10251 485712E-4 -321991E-4 -8.29582E-4 0.08777 521116E-9 0.00865 1 1 4.85712E-4

Comments Pién ap dat cong sudt t Céng suét tr Nang lreng
F=
Method
1 -0.0088 -0.26498 -0.0073 -0.0127 -0.01313 ] 0 0/ 9.47671E-9 -6.1954E-8 1 1 -0.01313
2 -0.00875 -0.30052 -0.0073 -0.0127 -0.01084 -455E-13 -9.09E-13 2732E-10) 5464E-18 -5.334E-6 1 1 -0.01094
3| -0.00875 -0.30059 -0.021¢ -0.0381 -0.00766 | 6.93946E-4 0.00179 -0.53742) -1.075E-8 -5.339E-6 1 1 -0.00766
4| -0.00868 -0.34176 -0.0657 -0.1143 -0.01094| -455E-13 -9.09E-13 3.10TE-10 1.2428E-17 -2 688BE-6 1 1 -0.01094
o) -0.00868 -0.34196 -0.0857 -0.1143 -0.00547  6.93946E-4 0.00179 06114 -1.223E-8 -2.700E-8 1 1 -0.00547
6 -0.00868 -0.34202 -0.0511 -0.0889 -0.00766 -4.55E-13 -9.09E-13 3.109E-10 -1.223E-8 -2.705E-6 1 1 -0.00766
7| -0.00868 -0.34208 -0.0511 -0.0889 -0.00547 | 6.93946E-4 0.00179 -0.61161) -1.223E-8 -2.7T10E-6 1 1 -0.00547
8 -0.00868 -0.34214 -0.0857 -0.1143 -0.00547| 4545E-13 9.091E-13 -311E-10 B.764E-22 -2.710E-8 1 1 -0.00547
9 -0.00867 -0.3424 -0.0511 -0.0889 -0.00547 -455E-13 -9.09E-13 3.113E-10) 6.225E-18 -2.7T133E-8 1 1 -0.00547
10| -0.00859 -0.47554 -0.0948 -0.1651 -0.00985 0 0 0 0 6.8512E-6 1 1 -0.00985
1 -0.00858 -0.47564 -0.0949 -0.1651 -0.00656 0 0 0 -1701E-8 6.8419E-6 1 1 -0.00656
12 -0.00858 -0.47585 -0.0949 -0.1851 -0.01094 ] 0 0/ -1.702E-8 6.82331E-8 1 1 -0.01094
13 -0.00858 -0.47594 -0.0949 -0.1651 -0.00766 6.93946E-4 0.00179 -0.85092 -1.702E-8 6.81401E-6 1 1 -0.00766
14| -0.00858 -0.47602 -0.0948 -0.1651 -0.00766 0 0 0 8.656E-18 6.81401E-6 1 1 -0.00766
15| -0.00841 -0.68463 -0.1679 -0.2821 -0.01422| 4.545E-13 9.091E-13 -6.22E-10 7.296E-22 3.80821E-5 1 1 -0.01422
16 -0.00841 -0.68494 -0.1679 -0.2921 -0.00547 ] 0 0| 1.245E-17 3.80821E-5 1 1 -0.00547
17 -0.00841 -0.68499 -0.1533 -0.2667 -0.00766 0 0 0| 2. 44958E-8 3.8097T1E-5 1 1 -0.00766
18 -0.00841 -0.68512 -0.1679 -0.2821 -0.00766| -4.55E-13 -9.09E-13 6.228E-10) 2.491E-17 3.80792E-5 1 1 -0.00766
19 -0.0083 -0.83942 -0.2409 -0.4191 -0.00875 -6.939E-4 -0.00179 1.50079 9.00484E-8 6.65153E-5 1 1 -0.00875
20 -0.0083 -0.83943 -0.2263 -0.3937 -0.00856 -0.00139 -0.00358 3.00183 9.00498E-8 6.65832E-5 1 1 -0.00856
21 -0.0083 -0.83946 -0.2409 -0.4191 -0.00656 -6.939E-4 -0.00179 1.50086 3.00172E-8 6.66068E-5 1 1 -0.00656
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Cac két qua thu duoc o hinh 4.3 va 4.5 vé dong dién va dién ap l1a cac ngudng gia
tri bién do 16n nhat.

ADX1) B(X2) CY2) D(Y2) E(Y2) F(Y2) G(Y2) Hevzgly  va@)  Jov2) K(Y2) Lov2i®, w2, Nezd@) o) P(Y2) [~
Long Name time Ua Ug Ud idis idisp itot P (W) E(J) Pavg peak Xung Pe”‘lg‘;ﬂa
Units KV KV (A) (&) (A)
Max 390258 14673 25527 005907 003747 009655 240.93436 7.83916E-6 053133 001153 1 1 0.05907
e ’335911532 -1279.2000 -2225.4591| -53.27558 | -36.99078  -05.30355 25525-75 0.01063 ‘“’0243254 223025 | 250 005907
Wean -0.00665  -0.00253 | -0.00441 1.15307E- 7.32489E- -1.8872E-4 0.52606 210425E-5 028953 000793  0.44163  4.95049E-4 240451E7
Comments
céng sudt Céng sudt NEn
Bign dp a3t IL'chmi?\ ol Irong Igich
vao DED quaDBDE I
e tingt Ui
Fix)= B*G000  ((H+HI+11/2Y (Afi+T1-A) (ETil<Efi+1] if((abs(Efil) _ifi(abs(E}>=0.0051*(L==1). E. 0)
Method
B Booki * Bookl +
[ A a0 | 8m [ cm [ om
Long Name| - Tong Hame, Va Vg va
Units| E Unis| as
Comments, o Comments 1sim -
b FixE
F(:s: i . 1 102 03723 06477 Pt
il 4 w0 15 15 05475 09525 Z
H 2 202 o7 1287 >
3| S o 25 258 08417 16383 g 25
4 : 3 w1102 e £
3| R 35 385 130 231 220
g H © aw ven sl 3
7 é 0 F L5
8| - 10
9 i 10 1L o 28 a0 A8 40 0s
Din ap p dyng (kV)
o 10 15 20 15 a0 as 40
Didn dp ip duag (kV)

[ [+ [ I Pava RE Atei s 1ot thes gl o thea €

P tike thef gua tu

=
<Tv [=[)\Uap. Ug, Ud o 5 £ th6i o pa £ Voreasomn  Pevg A, 1 g ot i gn]| €

68



