Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

BRI 2% £ TS 7 B PR S ST L A e B (B AL

ZBiE LR RTE

Numerical study on discharge characteristics in ultra—high frequency band modulated by pulses with electrodes
covered by barriers

Gao Shu-Han  Wang Xu-Cheng  Zhang Yuan-Tao

51 Fi{% B Citation: Acta Physica Sinica, 69, 115204 (2020) DOI: 10.7498/aps.69.20191853
TEZL I View online: https:/doi.org/10.7498/aps.69.20191853
MHANZE View table of contents: http://wulixb.iphy.ac.cn

LT RGN HA SO

Articles you may be interested in

AT T BEA T LI v ) A3 A28 DX AR e R ey DR 3R ) B 07
Simulations of the cathode falling characteristics and its influence factors in atmospheric pressure dielectric barrier glow discharge

pulse

YIFI2E4. 2017, 66(2): 025203 https://doi.org/10.7498/aps.66.025203

RAVER T B B 2 e Bl )27
Evolutionary Dynamics of Single—Multiple Columns in Atmospheric Helium Dielectric Barrier Discharge

YIRS &2 hitpsi//doi.org/10.7498/aps.69.20200473

R FVBE B — e FEL A5 g AR ol FE AR S I B A A S ELASE AL
Numerical simulation on particle density and reaction pathways in methane needle—plane discharge plasma at atmospheric pressure

PB4, 2018, 67(8): 085202  htips://doi.org/10.7498/aps.67.20172192

KA REH DRI b S X S 2 5T

Properties of temporal X-ray in nanosecond—pulse discharges with a tube—to—plane gap at atmospheric pressure

YrHE2E4R. 2017, 66(10): 105204 hitps://doi.org/10.7498/aps.66.105204

PR 7SS L AL SR P 45 B PR SR U AR PR E A
Numerical modelling for characteristics of the meso—pressure six—phase alternative current arc discharge plasma jet

YIBR2A 7. 2018, 67(5): 055201  https://doi.org/10.7498/aps.67.20172557


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191853
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.025203
https://doi.org/10.7498/aps.69.20200473
https://doi.org/10.7498/aps.67.20172192
https://doi.org/10.7498/aps.66.105204
https://doi.org/10.7498/aps.67.20172557

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 11 (2020) 115204

Rk i 18] 1 S5 44 7T 97 B PR 4 = ST AN AR
1 R BUE ARSI

iR

I %k

7K 3% |

(IARKER TR BE, YR 250001)

(2019 4 12 A 6 HUE]; 2020 4E 3 A 5 BYEIENH)

RATESAET , B JK o ] i e — A7 283t 412 e S R0 L ARUSE PE R O 0. AT RO BIFTE R T, 4 vl JROBT R
i vy B ) A e ARUIUBE ) IR, A K i R o) A 7 SR F 2 e B B 4 R B G A R AR S
{EF B TR AR AL WF 5T T 2 o PR3 2 15 28 500 MHz, Jbk wh il ) 5% 40 T A 5 BEL 0 v 9 e v . B 5
FWT, A AL T A 50— J 0T P 1 T B2 Jo 0 25 2% o B — UROR L I AR O B, I I LA V2 1) P 370 45
Be A 5 2 ThT AT R 1 B G ) 7 A B BB TR IR ARG T b A5 L YRR AR AR R T R o L X2 R R A
IR R IR, DA DA R A I o I PR DA o ) AR 2 e 9 39 3 SR A M Ok Y T R ASBIE TR TR B K

ol 1) 2 J5OKT A T BHL$ T FEL ) 52 i e B AR AR

KSR RURHCH, A BB, AL, ke, # R

PACS: 52.80.Pi, 51.50.+v, 52.65.-y

1 5 =

AR, RS SO T P
LR A5 S T PRI ST U Y B i 2 — =) AR A
AT T B B LS R, ] DASE BRI K 2R
B, HAE™ AR B SR E BRI 5 2
R, REBLH BRI RS, EE b T 258 7
PRI 2R T4 B FE RS, <
PR AR RS (2 B ADIERI ), 5 UL 119
S H i RREE R JLHRERN), e R
AL LRI ZY, AR 2 5 BT E RO, A
INFAB R AL ™ o, i ELR A AR Y T
TR B oy S A AR A D217 S LA K A i, #s
SSPIRU TR S AL N AN SR TR, TR — 2 R

b AT LA pe iz I A 0801 R, T RAGIA A A T

AL SRR3R R P ) ST A4 R S, X Rl LA

* K A RBRESA (S 11375107, 11675095) ¥ BRI

t BIEYEH. E-mail: ytzhang@sdu.edu.cn
©2020 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.69.20191853

FEA A S T i L A (121821

VK F R A v ) L T 2 R e A B
i, ST R GIALE], 3 2 B [F] T3
WA (13.56 MHz) GCH T L4, L an7EH T
JA RS — AN 2 I — RO B i L G 1722
RV R T S 1) P 5 — A ) 30 19 P, P 0 S
TR T HARE S5 A Tk vp i 0 I H 3% TR
PR LZE RO, o FE RN 2 L EAT 50 eV A2 F
HL PR 1 1 R B T 17, OB R R X S R
HA WA E R HME, xS 5e i 4 1)
AEFT PSSz b, O R AR 55 B IR AE a2
ST N FEHE AR R () (5 ] (23261,

{E2, Mk BRI TS, PR E s A
XA S5 LA i H A R Y S TR A T TR A ST 127,
—PREORARE, 214 L YRR o L R T 2 A e AR
Brimt e, S e, REBERg S
WA R E R E BN L LRRAK, B PR

http://wulixb.iphy.ac.cn

115204-1


http://doi.org/10.7498/aps.69.20191853
mailto:ytzhang@sdu.edu.cn
mailto:ytzhang@sdu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 11 (2020) 115204

PR R, 37 5 SO PR 245 ] ) A R AR AR M 1 R AR A
I, AR R T RORAT R s [R] Py 154.258.201,
EREA ML SHROITERY], AR5 IALE
REREAT RO PG R AR, A i i A =AY
At A BO=32 P 2 5 AR PR 2 05, AR
JHZRFRUIEL T, A B R 77 S B B A
R T 2 — R WIS

2 WHEHEENZ

AR SOR AR T A 52 B T Rk oA
) S AT FEL AR R AR R e o SRR A
HURL T BRSPS 7 R L R T AR, JFRE
EIEATTRE, BB TR, HE S 2R
SR ENA SN SR i Ve AL U R R e
R R B3] AR B AR R v ok
TR A GIH AT L p ST R, Hahi oy
REAERUET ] i B T o A, — il
oK, ARSI Y R ZTRE AR 18545,

anea(f,t) 6je§z7t) st "
anig;,t) 5‘jiéz, ) _ s, o)

jel,t) = —peB (@, tyne(x, t) — D 8”"(5?’“, 3)
i@, t) = 1B (e, (e, £) — Diw, @)

Horbine(a,1), mi(a t)F1S (w, 6) 53 B TR |

BT IR, Ju (o, ) B2, ) 40 2T
I FUOBE: o 0 2 TR FATRS %,
DA DAL T TP RS B )&
MR 2 1L, o R B
OB@.t) _ © o), (5)

ot €0
(5) U, e FRAMAHL o 240 A AL
FORHB BRI A

L B D 1(1), T 6
P77 PO
OF

L (IR N
ST Iy, o) BRI o

o T REILT R, T A EALE F A
Hi SR i,

€o

% <2k3ne(x,t)Te(:c,t>>

 og(wn)
= 5 eje(z,t)E(z,1t)

— Z k‘tnc(x, t)Tth

— Bhy S (Ty(x, t) — Ty(w, 1)) T, (7)

my
Hr kg, ne(z,t) M To(z, t) 0 EBER 252 58
TREAR IR, kRN H KRR
PRI 1) 59 (i R o, HCAE R (T LA SCHiR [34]
P32 Ty(w, t) UL v 2L T S U Y
REFEAAR, e, mg 73 5 ML T FIES F B ok,
e, t) WL T RERE &, Al LA (8) 4
OTe(z,t)

() = el O T t) = (o) 5 (8)
(8) 2P, (e, 0) T LA
e, 1) = - ks D, 1) (9)

TR, ok o i R T 2 B R 14 3 B e
Bn, BRIREAE R ETFE Br B (108 P ) TG
Wik B (1E 8 Pogy ) A ASFIRIEUE,

Vosin(2nft), ¢ € P,

V(t) = { (10)

rVosin(2nft), t € P,

Forh Vo g B AR » Dy B TR L, B H R DG IR
S 1] 5 v, T A 3R] R R Y LA, RS
9 0—1, Y r BUEA 0 B, WL H e DG I i) 58 4
BEAT RS E AL Dk o 1 e 1 O
A, MY e = 1, U AE ) LR e A

AR TR A S B i A 2 v e e TR i
40.05 cm, S BIARAIEEE S 0.03 cm. SR [H
E N 500 MHz, 20005 O A0 TR R R BL. SBR
EWETE T B, R BRI L IR 2% )
Jok e el st i L A DR R DR DK I B R 2 R A A
S 3D A AR SR B A e E AR
500 MHz. FALLH BIFE T A a0, e B
LB B SOV S B 2R B4R FSCHK [34], —IR
HL 5 SR D o 0 300 SR AR AU b Rz i A
JE, RTRIATTER, 3% B T A R AU 0.03,
(7] Ao v, | 8 R CH A T A 2R T 1 ) i 25 B
M 1.0 x 108 Jem®, fE—EJEH N, VIAHRLT 2% 5
AU R AT E IR M. A SRR Y
TR T I 50 © 25l i 5 52 50 25000 i %) A
T Bk B

115204-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 69, No. 11 (2020)

115204

BTG, 76 H T ] B 55—~ JE
WPy, &l 1 FTR, AT RAE BI7EIE Sk R P
BT — R IR S, 2 B OB K
LA, X SRR ST AR R R TR S
B> A R U K o P R B G AN T Y 2224, )
i E NESI T N S S i NG R oLl A B
1234 AJem?, TG FE I Y R HL U K e (A
23.1 A/cm?, BITEFRIOR IR R B L S R SRS L
R— s B AN R R A8t fin , AR e Je
(8 LI K O 7 R R B S5, 1997 19.2 A Jem?®.
17 L, F T ERR AR R AT R R i ok v v 2 [ s
Az R 1 R LT 2223, B RS IR LT, S
REHL 1 12 23 PEA BT B e vt B, T HL23 7
TESE A 72—k, IO AR AL A Tl L B
ARSI, SR, 25 IS B A SRl
FH B AR T Ry A U, AR IR ARERA
3BT LR e Jok ofr 98 7= 2B AL B s B R T 1) 7 A et
P (i3 BE L 1 TR A0S o) SCHE TR B A T )
W), T2 T 22 i DG 3 R P, Uk v 3 P S 00
Pl B, XU 5 A8 70 40 PR B U ARG HR S
i P ZAGE R Bt 2ot S5 Ui

Do
(=}
T

Current density/A-cm—2
o

|
)
=}

Time/ps

BT 3R R A 6.25 MHz, HLIE R 800 V, (575 KA
60% If Jok et 3 ) B9 A0 J5i BEL 4 L 3 K i g 1

Fig. 1. Temple evolution of current densities in DBDs with
a modulation frequency of 6.25 MHz, voltage amplitude of
800 V and duty cycle of 60%.
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Fig. 2. Temporal evolution of current densities at a given modulation frequency of 6.25 MHz and voltage amplitude of 800 V for

various duty cycles from 10% to 100%.
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Fig. 7. Temporal evolution of current densities at a given voltage amplitude of 600 V and duty cycle of 60% for various modulation

frequencies from 6.25 MHz to 50 MHz.
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Numerical study on discharge characteristics in ultra-high
frequency band modulated by pulses with
electrodes covered by barriers”
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Abstract

Pulse-modulated discharge is an effective way to improve the stability of radio-frequency (rf) discharges.
Previous studies have shown that with the power frequency increasing to the ultra-high frequency (UHF) band,
the introduction of pulse modulation in rf discharges will bring about new discharge behaviors. In this paper,
the fluid model is adopted to numerically investigate the new discharge characteristics in dielectric barrier
discharges (DBDs) with the rf frequency larger than 500 MHz. A very large current peak occurs in the first
positive and negative half cycle during the power-on phase, respectively. The spatial structure of electric field is
given to further understand the underpinning physics of the large current peaks. Furthermore, the effects of
duty cycle, modulation frequency and voltage modulation rates on the large current peaks are examined based
on the computational data. This numerical study will deepen the understanding of DBDs modulated by pulses
in the UHF band.
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