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Fig. 1. Technology trends and challenges in etch, comparing ten years ago to today/?.
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Fig. 2. Simplified diagram of ICP etching system: (a) Planar ICP; (b) cylindrical ICP.
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Fig. 3. (a) Schematic diagram of the electromagnetic field
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PR A G HE T R BUEAT B T L AR,
AT i s D)3 F2 EE 2 DXl PR e g

SRS B RS R ) 40 P AR .

SRS, & e R 5
PRS2 22 [ A A [ A A, AR AR T2 65
WE5E H AR A7 A BRGE R B0 (IR A5 B IR {7 B 1Y
SVEES T 2R B R & . COMSOL Mul-
tiphysics Y55 & FIRBIL N & T X% ICP, CCP
SEZ ORI, T SRR B R 5 R
Nz B P FUm A 87, 6 B AR RS Mark
Kushner # 5% A AT & (TR A 55 5 T IR A B
(hybrid plasma equipment model, HPEM) /& £
1L FE AT B R R A B ALY, E 8% Quantemol 2y
)R R R H A B AR LA A L | B (5188
BeAh, VSim 455 1A FRZE 7 I PIC HIfy fL i
K CARRIRRR) Jrik, e 22 it 5 5% 8 1A 1
YRR A R 3 B, (AR —F2 A2, Ki%
T R2E T AAFHEZABN A =0 R MAPS (multi-
physics analysis of plasma sources) {}j 4K 4 90,
LT ICP Ml CCP T A= Z e, £
BT A PIC/MCC M A RIS Z R, B
TE 2 FE N AR A Al HogR A N . A2
TEIE 50 AR B S 80% &AM E, Hhfm 3
P IR A5 B R N 22 LI = BT T B ROUL i - R
JEE RN ) 4 2% FLATE AR

PLAER, N T8 HE (artificial intelligence, AT)
O Bl TR A A R 2 SR AR AL TR P B AR %
. A I ATREE 22 ) SR 2 M, LS %
R PR A TR TR N, TR LR Tt
e BE 1 (] I ok 2 I 3504 Y. 34N, Ko 45 192
JET HPEM A= i R MU TCP A AL i Il 2R 4
JES 2IREARY ST T X A R R B AR e O
B BR T TN S B AR R 46 X R 25 28 5%, HERE
AR 45 2 A, TR TR B T 22280k, Xiao
NI 2P R T — iRl 22 R A S A
P25 1) ICP 3 20 UL AR HE SR | SR UL A A5
TR By B2 SR R B AR TR 4y B4 A S TR T R
Som Z0 i 2 - i 7S B O RS
G TSI S B A SR AL SR SO0 AL SR 1 25
G, 16 7.4 s WEIZEE TR H s 21 1k R B2 5 IS Ok RS
FER A, BRI T T2 AERNRCR 5K
JE. BRI, ALK 5 N S Ge My B AU
I8 M A AR AR Ty T ) JRy FRPE B AE T A 50k 7
SN ICP 2l A5 ) 24 B 5 i BRI T A S Y
J5 T Gk
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2.3 FBETEISEER

SIS W e AR A B T AOCHES R B T
B, MUBEBITA 21 1h T 2801, oy g 5
SEASU SR P SCIR 0 UE, AT B AR T )
PR AR R, C O IE IR BE 5 T
BEARGE. AT A2 B R £ 52K D1
1) REFEOR, BT IR R | BERET L VIRE
(SUPRAL - R IRET ) | IR A 2) JLiEHon, 4]

Wk HGiE (optical emission spectroscopy, OES) .

W W ik (absorption spectroscopy, AS). #0615
T (laser-induced fluorescence, LIF) Yk | %
WPNEST (Thomson scattering, TS) 45; 3) Bk
A, WPIRAT BT (quadrupole mass spectrometer,
QMS). &ITHfE] BT (time-of-flight mass spectro-

meter, ToF-MS); 4) Sl £ AR, il anfisk T ¥4

IO SRS 5) B F-Re st s BT R, (61 4 B ¥ 4
SR AR EAE RTINS E, I 25 3 B = A
PESEIT TR , 38 FH TSRS B AR 50198 B .
TREFIS TR PR S5 48 7 B AR BLAIR S = (8]
Ry, RacE 2 Wz — 199l g
IR AR AT 3 o [ 45 5 - U v 4 A 4 T O i fin
R, AR R R e T SR S B IR 3
TR TR S TR A A R EE O S
B L0610 SR, R B AN, HKG ) 2
PRET MG Y . SRR 20 002103 AH L 2 T
O B R FH AR 5 - HR35 0 3 1 T iR 155 T
L, ER TR TN oA 2 R
XHRET SR TG Y AN BURR, M 45 R AR F M 2R
PRET SRR, FEAR RS 3 TR | RO RSB 1
RS2 T N AR, BREH B s A AT
TN £ A5 B R N R (O REERE Y, RIS R AR
SRR LR L LI SRR AR B VI IREH A4
AL WA L 73 M 45 85 ik 57 401
K H B RR S BSOS, SEE AR A S AL
5 B AR R Al 01081 Horp ) OES /R0 1 H
&)z R EDEIE s, AT T2 RE R T
B SO PRI RN 2R YR LIF BORXREE B
FH AU B2 R s 8] A HA B s 1) RAUEE 5 e
PSS I R I B H e oA PR L TR
M R G R READUB TG B &, 5
JEE AR 8 T i R R T A 55 5 i DG AR I 8 ) ] D
A, Fir /7T, JCEFAHAE O (fiber Bragg grating,

FBG) 1% &t I 3 o I B AR AL il M ) 45 5 7~ 4K
PR It B 1091 iR A SO T SE B 0ot
TR ARAE . 2 IR AR5 55 e R U
O LRI &5 AT O e e S 0 0 DGR RS AE
HL T # A #4F (charge-coupled device, CCD) ol EL
FNFPI 1S BE 1 3458 A COD (intensified CCD,
ICCD), VAR B2 it s i 25 R ST as 5
SRR 7 04, 14N, Billeau 251110 % FBG, OES
4 ICCD ML ¥ s 55 B AR G i i A7 v ==
A3 B S RIERRE U ;. Schmidt %5 (1K K AMEOG
RO WM LIF H T 85 SRR P AT AR bk v 55
B 4 U2 B, 23 A5 HEEGA 16 um /&R
R, WAL OB S MEP Y B . Kono #l Naka-
tanil''2 75 = Gz B PO D' 1 S Y S A S
ICCD HHAIL, 7T e = 3 A A O & AT, 52
PR e AR 22 8 E DO T ORI, DGR AR B A AR R
A e RAUEE K e i 23 A BEAEAL A, 38 T 20 et
TR AR SIZHR WA s G e 23 SRAT AT R RS il 43 A A
B RAH AR, H I REE R A% AR R, XL
2o B RN BE AL B RE ) EERE

B2 Wi AR @ A R A 1 5 22 0 i AR S,
AL B R AR 1 o i A i S A B O A i
13530 s R ARG SR i | S B AR
TEAH EAE T A i T B AR i s 7EAIR
JEZAFT (<10°° mbar (1 bar = 10° Pa)) #4719,
B i 41 HERE J7 5 | R DA BE e AL, (HX &R
ST BN HUR, RIEEALS 2150, TR AR
T SRS

T 12 Wi B AR ) ] L T 9 A 4 i BN S5 8
I W, FBBURAREC R w2, = e®ne/eom , LI
XFHL T BE n, S S AR b g Po110.107] 1
e R T, oo FESENBEE, m il
T G PR ACRT Ak M AR R 7 et A% o)
FEBUP R I TRORSEEI2IN, 76 1x101°—10% m ?
R R 22 T 7R 1%—2%, HEA AR ARG
I 5] 73 B A S5 LA 8], RAL G st T V043G 7 X
RESRAF LA B, MELUE AT 23 (W] 2 A 15 ., 75 28
FIAZ R R G HAB2 K T Bor 45 & DL T
23 [A] 53 HERE g 11,

B RE RS AT R R E R E N 5 B AR
PERIAZOSHL, 00 R B T RE A (e NG i
D L, ARPELEFRFAE, 1228 25 i =X
Sl P AR Herp, 80a T R
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3BT CEAT B B Xl b, R AR IR BR
[F) RE = 1Y) 1E B A H 5 XU, 3O W R g
ot [ (R 85— ] 2Rk A IR IS A b, 3 R AR
AR L RS R R AR AL O R IR HR &, BT
AT B TR o0 20, A BT A TAE SR 3
& (/NF 20 mTorr (1 Torr = 1.33322x10? Pa)),
B 22 R MR 0 S R s B R TR AR TR
SO E ARG, HOH R RO AR 5 121, 1%
S E T SR AT RE R L AR NGE R )R A2
Wr, SRz T S R AL | s AT
R ZN AL A A ST
4 R4 T 2 M8 3 RS W EUOR AT I 240
R FBRE T, S E S BRI R T R B
WW R IE T 2% 42k, biE SR/ B RN
TGRS BRI #S B A8 Uk A 122 A G R h 47
AREEA, Wi TS, LIF FE5eE2 Wi ke mt 4 4y
PRI S T AT Bl SRR e, K%
WIS 02 S B A WA, A FE TR 2
BN 5 3 ) S BT R TR B4R . ot
Fh, AT FRMRSEAD 5 B AR >k T 28
BRSS9 BN, Kang 250124 36F Tri-CycleGAN
R, SCE T OES, QMS Hl ToF-MS =[] () 5 4
B W, ST AN [R] R 2 W B %) X ) e

BEEHHAR

.
: ‘a
& =~
» Detector

e, ARORH TR —FRMRR (1 OES fy A il
HIX . QMS/ToF-MS MR AT, &k £
EIZWHE BRG 5 8 — B S8R g At 7R
S A A ) 45 B T2 T R — 0 ) Y AR
k. ZSH R AT 1) K& .

3 RAMAEE S E TR KR

ICP ZIi i) T 2R e th A TR |
TR A | BT RE R /AR B A B s [ A 1k
SEE g, X LeE PRI 52 gt AT 3L I E L
fif s S LA R A 8 2 A B4 DI RS2 0. 6T Ik, F
FEIIE 5 M HIC AL B 1) 220 P o A AR - S5 R
PR, BT TR S YL AR LS & A
FER . FHOR AR 20T 3 A RLRIT: ok, M
ICP PRI REE S shI7 U e, ThEe X TR
DURRRFE 2 26 5 1 P B2 e A R B R BIL AT HEU
MM BRI A T LT A5G | B B it A S A kg
iz R XA TR 5 P RTS8 00 A 52 R i
Jai, SZE S RS2 25 5 S s s R P
2, I B ICP P2 [ B UpRIFEHT, AL
T i) Z2) bk BE A AR B T 2280 % 5 RO as it
8o

T RER MY

W2 W24 2L
+ SR + i + BT
+ R + RERM + B ThER
+ HUFEAE + S + BTN
+ BTRERSMI + BET IR

+ YRR

PR AL BRI AL BARKFA
+ AR +AERAR + EREAR
+ ZERR +EPER + BHERAY, SN E B
+ AR +{REREE (<10-5 mbar) KGR
+ ] R R + 5550 Tk + IREEE (< 20 mTorr)
+ T 7 R A5 + THES R R

iR[19, 95—103] XHR[113—115] HR[119—121]

K4 g TR BRSNS S 1

Fig. 4. Measurable parameters and characteristics of traditional plasma diagnostics.
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3.1 ICPERIBEEFENIG: R&EHE
Iz 77 X HI R

ICP R4t it 5 ik s 7 X3 A gk
SE T BERIE AR 2 (B 23 A 25 BRI R, 2R
FLHES N AR GURIM | LT AR DA e A5 85 1
PRSI Sl T RARAON | BN K Ay A
FURE A NRILRIEH, ICP IR a1
TERAERE ARS8 | S5 B IR S 5 3R w64
IR S5 2o H AR Z TR EAT AL . AT R AR LR
LR SR S A DA T T K, A R A
TSR T P B S A nE AR i
TR

3.1.1 RAZXBLEMAFIKGIFIEER

KL B Y TUT R F NS F P T I FL R 3
()28 [B) AR R AE S D R DTRBUE A, RS 5 5 TR
BT N2 () 8 ) P B SRS N R . B ST T I
Yk 3% H— PRI AR 5 L B I 4 - 28
Tob O F YA A A L A Ak F B 2 B PR TS )
e P AFE 5 A A ERN G R 12027 T 2R
(R4 ) -5 i 170 A Sy 3k 3081 T SR AR 37 i A
TP BUEAR, SIS AR 1) 55 B8 AR S 1) EL 4]
Jis (39125,027 1301 FE= AR B S5 M TR R A S RS
[T AL T 5T KA A H R, 2 S KRS AT
HaL (1 T AR A (191,

1) BETR: FARIFE S B IR 2R

LR Bl AR B I 1) JLART TR R 2 2 5 il P 3 53
i S S BFE. AT, BT RN 5 i
PR IG, AR S B TR, I
T JE) S AR FE. Molles 25 129 3 T HFSS Xf K Jy
AT . T AU 378 RUR R 4% Z2 Rk im F2 bRt
117 RGN RSB, 258 R M, BUE#Km fig
A R £ e DX L R AR, DT RAR A% 4t
FE. [RIET, BUE-SARAER BRI SR il T2 05
IR EA . HIL, 76 m m KA S & T
ICP KL BT, (B 8k i 5 58 HL TR N
P

2) LRI A SRR B i B 5 2 MR, A A

Piejak 5 132 4 th n] DU AR R 25 830 AU E A 7
SEBS AR RAISE , B A AT (B B I YR 4k
Rl ThoRAe K2R 2k Bl ri BHLFN 25 B AR S i B — 3
ZIASYEC. DIAEIRZR B ICP ), 2 fe s B 1 AT
KA ICP i, R ECH N, B o,

PABBY s, TR R, KIBEE b, £
B BE N 1, 25 B TIASBIRIREE N 6, , ICP K&k
SPIRHLI N Lp , 558 TR RON AL THRIKZ N
(LT I, A ERITLZL I, anpE 5 i 199,

N [ I
------ ® ® ® ® ® ©
) Immmmm@ _______________
[t Ip

may

e

B 5 KEHIE ICP 7 & 139
Fig. 5. Schematic diagram of a long cylindrical ICP!!33.

N ) 2% P8 1) 55 80 B Reoin B9 T332 50
T (183,
2tbIN
Reoil = 14 T . (1)

S

TEMRAER B EWELT, S8 FARH R, 193t
TS

TR
Ry ~ ma (2)
627’Les N N S, =)
Hrp ogc = Wﬁﬁéﬁ%@ﬁ, e AR FHLE,

nes FE B FARBE RN GA BT 5 B, m AT
i, v AR5 PR A REEAT R,

Ry 72 55 15 1 AT 5 24 B i 524 30 1) 25 00 HL BHL
HAtEAA Ty 159
R

s — N2 = .
R Rp Udcl(sl; (3)
SRR H 5 o 1)
R, BN?2
" = , (4)
R + Reoil aN + 5N2

21h TR
= p— =
Hrf, a=p P sold,

— PR 5, N4 1) I 40 mT b i B R 5 I 4
AR TR B, AR RN A B = e e R
TR 2 AR A VR4, Moon 25 1261 £ AR ICP J4
BT R, LR MO 1 32 2.5 ), DhRfl
FCR R 2 25% $2TH AT 75%; TR AR Pep A
100 W 5T, SF B TR B H 0.55%x 10" cm?
A 1.45%x 10" em?, SEIEIT 3 A%, LAk, 2% v
F, 235 ) S IR K 28 V9 i FEL A7 AS 350 77 A 5 ) 25 P
B, R T RE R S A B TR AL, W
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a4 AL L A R R W S FELSE , AT R AR A
PERRA A K BRI . Hua 55 (127 75 WU 3R] 12 7
ICP W52 Hh R W8 31 £ e [T 50 fin 2= 4 45 85 1
W B, AT RER R R AR I i 5 45 Ak
B BTt

3) LR R A Jei: DIPRUUBLER S0 A1 5 50 M 4

LR 110 5 1 A Je 5 T ) K T 9 T R T BT
B HORE, A B TR A M ) O
F-B. Zhao 55 128 BT P sk F- T ICP /Y Py
REAT ST T Ak, 8K w4~ Py 2 B s A s v
O A SN LR S AN I o, G2l T4 5%
B TR E A AL 418l 6(a) A, B . 45
PE R ARACZ B 19 45 25 AR 5T BE 43500 h 90%, 56%
1 96%, X3¢ WG FRAT Jo) BEAS 0 5 ot A5 s IR
[ 43 A1, Sun 25 (1200 D)= 4k i (AR R FU A T OF 18
BEEE | T = FhZR 254 (] 6(b)) A TCP L4
Y. 78 400 W, 20 mTorr FIZMER, B B L5 F mT 4
A FL 2 132 06 {1 0 o3 Ao IS X SR8 50 (R 3415
JE o =~ 0.098); i 3 FLLE BBl 2 Il 55 X Bk il B 3 )
ERTIREE, RIS TR (o = 0.338). Xiao
25 35 % GaN ZI il (1 3 ICP ?J?%%% W1 T 26
Rl Bk o SUR e 548, A 6(c) TR, %25 pb i 4
ﬁﬁﬂﬁbéﬁ@lﬂﬁﬁ%ﬁkﬁ%@lﬂ%% N5y
Z\h ¥ 5. Molles 45 125) i — 48 HY ) il i I 2%
N AN B [a) | TR BE A “IR 98, FFEAEHR 2k el 5 |
NI TR TR 8 A TR RUE (An &) 6(d) BT ), W]
FERHE—E R G R AN T RS B S M #E
O3 MR F BN T AR IR, 38 AR P i
) AT ) T ok 24 50 s Y A N T N

EDEDE
£> E

D

P I, 88 K P 2 Bl <3 7 AT R A S A e s R
Hua 25 027 75 SUB AT AR ICP 2R 40 vl 524l 53E38
B R HEAT BT T X FU AT, & 90 58 4l HE A T et
SEBE  ARATURCR XA S0, BEE T T AR
EUUBCRIF ISR T B A, MM SRS o = 2
H A o3 A B8 R 5 9 4 B8 . A )R Ak Ao
YHUEAR 7E TR R I R v T R TR X, ok
W 5530 2% 5 rhos Xk 2 [R]85 B AN Y R A TR
SEER b AT A I AR /A e () BRI )R DL R
SR DR T S AL, T2 B B R =S ]
LS
4) KRG WAL RIS kit
BRAG GE V- T 26 B IR R BB A5 4 41, I AR R
LR S K0 1T 1 A 4 RS R R 1 5 R AR 44
WL BAE TR T RS, — I R Y R AR
i L DN 7 S =g LV R R NE S s
RETE R B RCR TR SE e T AR [ 18180, 48
2 AR T R B3 T2 FHAZ B, (A7
FEE A TR TR HAE. S5, Kim 55051
PR ICP RE S A A Hi 8k, Jf5 CCP Hifk
FRI, a5 | AT PR SN B T8 S B T RE
TR AT PR RS, A AR B-H B
Ben B LB s, BEAh, Ahr S5 37T 4 SRS
TR TSN L5 (U0 6x6 - T L2 P8l 51 ) # 7
W i e, S B ) A R TR I RS E AR L (2
3.8 cm) LA KBRS TH N S B S 50 A0 2 %
HA R4 s, JFnl @l 9877 6 | JF 6
e S BRBHBTC AL, 38 R AL =35 B g

AR .
>>

@ ﬁ @ 3 (d)IHJEE ?7 | ﬁjﬁi’%ﬁﬁ?fm

K6 REEEMREIE (a) B /5508 /(g5 128

b) -1 /BB /2 A5

Lo

EU290; () SUHRBELE 14 591; () B HE T MR e 20 g 129)

Fig. 6. Schematic diagrams of antenna structures: (a) Stepped/equldlbtant/optlmlzed structure[128], (b) planar/stepped/vertical

structurel®; (c) double-helix structurel”; (d) short tapered helical structurel!?l.

150507-10


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

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 15 (2026) 150507

R IUTRALA SR & T AL £ B AR AL
TR [ S AR | A B [ RN L AR A
1 1) 5l ) (D B D R 0 XA SRy 240 B e 4
BT RS SRR A RCR, (DA AR G S5
TR W RIS Pl R TR S R 2
FRPE RGN, PRk, T 1 R T AN TS A R R
il 3, B L FH M 1 AR 58 T BT - P -
i & M L PR R A AR 5 A e Ak, AT S A B
PRz (8] 434 B AT BT S 5 TR E.

3.1.2 ICP R&IRF) 75 X

ICP JRIK 3 77 2 43 ki Sl A5 5 4% 5 ik
PR 4R P RS 3 2 3 T S AR | A
B 5O N AR RGFEIRIREE 5 YR IRIEA, 52
UGB TR B K L2 ] 3 A RS s il ik st
7 50K 03 0 R Jk b S U 300 1% < i 9 A o
FIUN, AR 4 55 B IR R RS 5 B [R]F-3
R, Rk BN T T B

1) BBER B Dy A5 5 A A X D R UTR 4y
A B

ICP 5 J) 2 () 32 T 38 H 2 B 5 fL 7 m A sg
REHSKBEER REFE AR TrHESE T
W, IR E — 5 0 N R AR ) 3 A PE L Zhao
2L [128) B — A AR R A iR I AR AR
B, BEZZEE 200 W 272 1000 W, B Fl &t
0.48x10% m 2s ! (200 W, 0.01 Torr) 4 % 5.63x
102 m 25! (1000 W, 0.05 Torr), #2244 #:45 2|
25 o3, il 7 frs . (AR, SR
TR R R IR MR AR UR XA,
FETF AR T RT3 T it SR S R T
Al e R OB T B B Al e 5 68 i ] 7 5 350 Pl -
FE R 138 ) Ak, Yang Al Wang!™39) 76 H:k ICP
HOR I, FEMIC BRI SN, VIR S
ST RALREILL, =T IR, 1%
MG SRS B IR A1 T R IR IR B 1 K%
HHE.

UK B AR AR A 2 3 L A 256 5 T R
A, SRR ICP R E I i S at
— I, IR T e 2 H b R, R L 4
AN T, Yang Fil Wang™9 3@ i X Ar B
() B TR R B, B SRS 1 MHz T &
13.56 MHz, HLi758 B 5 U0 2% B i K 4—
54%. BLAk, MR 50—k F T B & o A PR

So 41 % 5 3y 3R A A B B e 5 B AR T, 1% 4h
5 Godyak %5 140 fT 48 H 10 5 % FF ICP 25144 T H,
FRE T A AN A5 118 S G W 5 P — 2

6

(a) - -m--0.01 Torr y
5l — - 0.02 Torr L7
/T_\ - -4—-0.05 Torr PR
@ LA T
o -
|E 4+ e
o VS Py
NS 3 o -7
= P -
> o -7
é 2 /:;/’ //J/
g P -
< - L
= o1p el
.
O 1 1 1 1
200 400 600 800 1000

100

(b)
98T AT
° P e
X 961 e
) _ =
S o4l -
&
< 92
> -7
£ 90p P
:é 88 r”’
;S 86 /// - -m--0.01 Torr
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the uniformity degree at different gas pressures!'23.
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Fig. 9. Two-dimensional distribution diagram of electron
density, electron temperature, and electron impact ioniza-

tion source during (a) pulse-on and (b) pulse-off periods!'5.
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Fig. 10. Effects of aspect ratio on plasma nonuniformity

with 700 W power at different pressures!'s,
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Fig. 15. Key reaction in etching processes of HAR holes and features in insulators and conductors!?.
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Fig. 16. Etch rate of SiC trenches as a function of aspect ratio from different samples: (a) Varied pressure; (b) varied bias power;

(c) varied oxyge; SEM images of trenches with opening widths of approximately 6 um from different samples: (d) varied pressure;

(e) varied bias power; (f) varied oxygen fraction!'™!.
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Abstract

Inductively coupled plasma etching, as a fundamental process in semiconductor manufacturing, requires
precise control of the etching equipment to enhance process performance. A central challenge, however, lies in the
nonlinear and multi-scale coupling effects among process parameters, plasma characteristics, and etching
responses, which severely limit the effectiveness of conventional experience-driven process optimization. Focusing
on the key physical processes in inductively coupled plasma etching (such as energy deposition, particle transport,
and plasma-surface interactions), this review systematically summarizes recent progress by treating plasma
parameters as the intermediate variables linking process conditions to etching outcomes. To establish a theoretical
basis for understanding plasma control mechanisms, this paper first introduces the fundamental principles of
inductively coupled plasma discharges, along with the corresponding physical modeling and experimental
diagnostics. Subsequently, the article reviews key research advances from three perspectives: the source antenna
configuration and its driving signals, etching chamber design, and radio-frequency bias sources. Specifically, the
cross-section, shape, and structural layout of the antenna directly affect radio-frequency power coupling and thus
the spatial distribution of the induced electromagnetic field; the driving parameters of the inductively coupled
plasma source (e.g., power, frequency, voltage/current amplitude) exert significant control over plasma
characteristics, including electron density, electron temperature, and their spatial distributions; meanwhile,
advanced driving modes such as pulsed power modulation and dual-frequency driving have been demonstrated to
further enhance plasma uniformity and mitigate plasma-induced damage. The aspect ratio of the etching
chamber—the core region of plasma reactions—considerably affects plasma transport behavior. In addition, as a
key factor regulating plasma pressure and residence time, the configuration of the gas injection and pumping
system also influences the spatial distribution and characteristic parameters of the plasma. Moreover, the
dielectric window, mounted on the top or sidewall of the chamber, exerts its own influence on the plasma through
its material properties and the antenna-window spacing. On the substrate side, applying an external radio-
frequency bias source enables independent control of plasma density and ion bombardment energy, where
variations in bias parameters induce dynamic responses in etching behavior. Overall, this review summarizes how
these critical hardware configurations and process parameters regulate plasma properties, thereby elucidating the
inherent correlation between process conditions and key etching performance metrics (i.e., etch rate, uniformity,
anisotropy, and selectivity). Beyond these conventional optimization approaches, it also highlights innovative
applications of artificial intelligence in low-temperature plasma diagnostics, cross-scale modeling, and intelligent
process control. Finally, future development directions for inductively coupled plasma etching technology to meet
the requirements of sub-nanometer fabrication are presented.
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