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ABSTRACT Great interesting is induced by high power pulsed magnetron sputtering (HPPMS) for its high ion-
ization of the sputtered materials, while the complex discharge puts of its applications in industry. The HPPMS dis-
charge behaviors of various materials with different sputtering yields (Cu, Cr, Mo, Ti, V and C) were studied. The
discharges of all the materials show a phasic discharge characteristic of five continuous stages. However, the target
voltage of the same discharge stage of the material increases firstly, and decreases then with the increase of the
sputtering yields, exhibiting a missing of certain discharge stage. The statistics of the mean values, peaks and plat-
forms of the target currents show that self-sputtering and stable platform happen easily to the materials with high
sputtering yields which is suitable for the thin films deposition by HPPMS, whereas gas discharge is dominated in
the discharge of the materials with low sputtering yields, which is difficult in the using of HPPMS. Additional, the

target current is mainly contributed to the platform (metal discharge) to the materials with high sputtering yields
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and the peaks (gas discharge) to the materials with low sputtering yields, respectively.
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Fig.1 Schematic diagram of the high power pulsed magne-

tron sputtering (HPPMS) device structure®”
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Table 1 Sputtering yield of the six target materials™

Incident ion energy / eV Cu Cr Mo A% Ti C
600 2.30 1.30 0.93 0.70 0.58 0.35
1000 2.80 1.50 1.30 1.05 0.74 0.61




510 FABYREE: AN HEADR A R D A Bk R P S TR AT 1281

T o Ty 2 ik i B 4 W S HL VR 1) BH AR B HH 2
— HLLAR R, FH DAAS I s Ty 2 kb R 4 TR
Ui I % £ K ] Tektronix TDS1012B-SC 7R UK 5,
WA Dy 7 A3 RS 535 I, K 380 FRLUBCR 10
%, HERH I B B I R AT 16 15
P B R IE T AT A R

L=y 10 (1)

A, 1, NSRRI IME, TR, 1(c) Julb i 2
LR, £ 92— kIS 1.
2 SIWERGIE

FE 2 BT BRI FE b I, HPPMS i H B R B
HL I AR 38 0 S B LR U (AN SESS B N L R,
RYLH U8 (B B OB AL, HBOR W R 7y
5 Hi TR TR B B, A B U LA AR, TS AR
s, FA LR BT Bk b T 46 J5 H B — S U, 1
BEMRIK, JLPAE, XRH kB B A LT
e, FE LIS A IR ARAL, S S E N, BRI S
U R B A 2, OV EE B B MR &
{EIX 2 BRI 40 FL R I AR ), RSB I #E LIk, 42
FL YA FEOHT I R — U AEL, I PRGN, o =
B BL. B Ja, B BRI T P 8 F AR R,
JEH RS HFT G E G N AR W, H N i L W)
S KT IR, DL S DU BL S BT S E %
A B T VA AR, TS HEURE E N B B B, B A
PRV AEL AT B A8 JLF [R5 B, i AR H A R E,
2N £ B e 16 N T ) G N O (= 2 X )
B BOPERF AL U2 B AS RIS 7™ AL A4 R () HPPMS Ji
HAT .

ANTRIEE AR HPPMS T8 A LI Bl 4 R
JE AR AR A i 2 2 181 2 e e 1] 2 F] O, o T S
FERR K ) Cu R, 55— DU B Bl LB 2,
BB BORRA B R, M 5 B
T 205 DU B B, HLAE SR DY B B s i Y e A
ARHAR, W Cu AR5 7 5 ol 20508 DU B Be, 056 L
B B d T F o R AT I, B R R 45
T4, CufE S VY By B LB, A7 88 LSS B )T
& HLYALAE B K 8 TR I T 7 A 1) PR U
HLBERE T (2 — 25 3, 7 & AR AR AN B E
bR G N, w0 H P G R kRS S S R, B
BT YR, P 6 58 SR R .

X TR P AR AR ) Cr ARk, 78 e i 22 iy
FITid, 54~ B BUEAHS R 2 (1 2b). 5 Cu A
I (A2, FETBCH 58 DU AN B B, BUOREE FB R T 5

TR AR UK, ER AT SR T 11 B 2E 1) 0 Ha I e
{8, BEEEBR-E & W77 A2 B AT ) J5 B T N, B
FIERCE & . 7RSS L B, R IEE S
PG A R A 38 . AN [FIB B BT 75 22 1) H AR
X CuZERAR 22, 1oy Ha s ) FR) i F A S R e

X T Mo SRS, FREAN i L FE 5 Cr FE AL,
5B B A A 6T R B, (H L S 1 A B B E
(K 2¢). AESE R 720 V BL_E IR, B0 H AR B
B2 56— W/IME, 2 J5 #E %  3 n, #2 e
JETERCY &, — B4R B bk 45 . 7R S R AR
I, Jt LS 800 A1 810 VI, L HL I Bk & )5,
H LR T, 3 2 B R KT 5] 2 F I L 2R
FETBCRAS A 51 [, 75 LR AR S 8 K, e
N Z AR TR T G2 A% Cu AT Cr T & BESE
JE ik B B ) SE K AR FF T BB T 5, Mo (1
A A H I B B3, P RE S RS FE R Mo
() A LB A R,

VPR EE R 55, TR A — B BN
A J5 B E N B B B, A8 I A P P 4k 2 3
I, 265 =B BEE SE L RT B Bt 2 AR =,
WS — 20 BN SR LR, K 2 I AT I B
., RS DU B B b BB 1 R A0 U £ 17 /i 8 AN
SEE RN, 5 R BT VR SEEL, P A
AF AR b AR (1 2d).

Ti M EHWCRAT A5 VAR R AR L, E T
VSRR BEGS, R 3G, 2 BRI
VAR (PR 38 0, T S E R IR 1R, HgE K
/IN PR 22 BE AR AR G IR A RHECR. AR [R] i BB 75 P 42
F A FAEAEG, 2 R 3 N 21 620 VB, 3t R4 2
1) “FTHN7BLE, b5 0 B B D 3 AR T v s B
(K 2e).

X T IS P B AR C AR, HO R A R
SE, THCFE, R ARt B AR, 7 SE A PR R R R
R A5 G T R B R R e, i gk
CETIN” PG, B EE A 1R 3 0 3 AR IR R =B B
TFF U e W (R P SR 488 o, L T B b S ) e
TEUG, I AR R ) BORAT A, PRt f5 1 C
TR EE = DU B BEAAR M SR, AN R R
AR 2 5, AR MEIA 2 v W 7= AR ik F AR
(B 26).

T SE A4 L 10 25 Bl [ G J8 P v, 5 08 S i R Ok
FRBER ) B IR A W R A e T A (R
()0 S FELR T A ORI S R, B E T R
Ik AR H L TR AR R O T A U



1282 & B ¥ Ok 5550 %
< i <
S eq @ 560V 550 V\ =
5 5
g 570V ‘ g
3 40 PV 3
) 580 Y 1540 Vv s
IS 1 )
5 20 | 530V 5
£ a
i 2

0 520 V e

50 0 50 100 150 200 250

Times / us

Discharge current / A
= N w 5 o
o O O O o o

50 0 50 100 150 200 250

Times / us
<
<L go (€)
Z 620V g10v
() |
% 60
5 660 V
2,40 580V
©
5 20 560 v
R%]
o

| 540 V

o

50 0 50 100 150 200 250
Times / us

50 100
Times / us

Discharge current / A

50 0 50 100 150 200 250

Times / us

LT TR ,
< ® ™
£ 8 560 V N
§ o 550 V N
® 540 V N
S |
3 520V 500 V/
2 2 | 480V
2 |

o 460 V

50 0 50 100 150 200 250
Times / us

2 AN[FEFEAPRH HPPMS 5 LU HE HRL I EAE R 742 0 i 2

Fig.2 Evolution curves of discharge current waveforms with the increase of target voltage in HPPMS discharge with dif-

ferent target materials
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