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Abstract

This paper describes PBII (Plasma-Based Ion Implantation). In PBII a target material is immersed in a
plasma and pulsed high voltage with a negative polarity is directly applied to the target with three-
dimensional shapes for realizing uniform ion implantation. Gaseous and non-gaseous plasmas are em-
ployed. When the pulsed voltage is applied to the target material, an ion sheath is formed around the
target material and ions are implanted into the target material. The ion motion is described using the
Child-Langmuir theory. The conditions for conformal ion implantation into the target material are dis-
cussed in terms of time evolution of the sheath expansion into the plasma. Pulsed plasma is seen as a
method to establish conformal implantation. Finally, the application of PBII is described.
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Fig. 1 Schematic diagram of plasma-based ion implanta-

tion into a substrate. An ion sheath is formed
around the substrate in the plasma. A pulsed volt-
age is applied between the substrate and grounded
chamber. When the plasma potential is negligible,
the voltage is applied across the sheath.
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Fig. 2 Comparison of ion implantation profiles of DC and
pulsed bias cases. These are simulation results. The
fitanium ions are implanted into a silicon substrate at
the dose of 10" cm™ for the applied voltage of 100
keV DC (a) and 20 keV at 50% duty cycle (b).
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Fig. 3 Waveforms of puised voltage applied to the target
(a) and current through the target (b). The applied
voltage shown in the figure (a) is rectangular shape
with a rise time of about 1.5 ps and the pulse durat-
ion is about 30 ps. After 30 us of the voltage pulse,
the voltage graduaily decreases due to the deposit-
ion of the inductive energy stored around the wiring
of the transformer for raising up the voltage from the
modulator output. A diode is used for cutting the re-
versed voltage from the modulator output. It is found
in the figure (b) that the current peaking at about 2
us gradually decreases and approaches a stationary
state. The current includes the component of the
secondary electron current.
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Fig. 4 Normalized ion current waveform. The waveform
shown by the broken lines is based on the theory
introduced in this review. It is seen that the current
has a peak and the gradually decreases. The solid
line shows a result based on the hydrodynamic
model that is introduced in the references [6] and
[7]. The values are normalized.

d
eno(a%+ug>=jc (2)

BEVTE, ISP I AV—ADEE S A4 F VD

RHHIE uo IF2 2R, K(3)ER () DK 2.
26, Vo | 172

So—< :;00) (3)
172

w= (Z7) (1)

LB, u/so\dAF V7T AW wox 2FKT. X(1)
EX(2) XY, BROBHE(LER 2B EHNTES.
R %E Fig 4 (6,717, 22T, BREE LM,
engity

Th ¥ h, j(= > (ng : 779 AEE) &

T=wyit CTHBILESR TS, BBILEN-BRERE
J DBRME Jmax EBEALEL] Thax =095 1B W TH
0.55THb. M)y T AT =AW HBA F VHIEHR
WCEBET B0 T= wyit=27 THV,J27)=019 L % 5.

FEIZZNOLLELNENTA—FELT, ¥Y—X
PWEEWLF XY ANE - 5273 2 7BIRMELT 54
te R — ADIEHRIEME s ORI E BT BRRIES

NI | -El ectronic Library Service



75 X7 B EERRE

ha., Zhbzzhegh, R(5)ER(6)[18IIRT.

~2 L (20 (5)
9wy \ Te

(4 3 {2\ /6 T2 s

5T (350> (ﬁ) (eng)”? (6)

—BlE LT, Vo=100kV, 7o=10"%m™, T.=4V, A
FOMELTF Y v EER, M=8x10"kg T 5L,
2 RrYw rAY—ADES 51383 cm, Y—ANDA
F v OHEE uo 1363 cm/ps THBH. A+ T TF7AYHE

WRIHMIOMHz &2 5. T2, F—2a@ER, 028

cm/ps TH - T, %‘%’R.‘%ﬁb:&%ﬁi‘w‘/—x@lﬁé

sc 3823 cem Th b, EWIREBIET 2 KA £ 13827

ps Th b, ¥—AMEHEB L CRBREORFMER

Fig. 5 [1310 k) 2% 5.

PE R OEMIC AT v TRESEHMS N 5E
THY, A FYORNE—RITTH S, ERITIFRDO X
3 RBEND Y, FREFRIZOWTERBHIIPZINRT
Wb,

D EMEBEZAEROL L5 LB T ) KM &
Feo[14].
HBRVAETH Y, NVABERMAMLIZLED
BROGHIZ—HETRL 2 B[15]. HELTT I
A=y —A%Roee LT [16].

Q) ABOMBF R FIHETIIR L, WREDOHED
B, FEEKENTHEAF VY —AOREL DS
[17,18].

W) TS5 A< ENNAEL, POEMIIVAEBERZ
L7 &30y —RAORPIZONTHRETT S
[19,20].

(2)

3.3.5 —HEFAENNVATTIITOREK
PRI 2 SR IEOTERW~D A+ VEADP TR TH %
HICEMAEET S, EOXI)BBRICHHETELD
ThAHIH M, LI EEIE 5. 2L ZITEE OB
RER, Fer ORI LI b Y &~k
RIEANERSNDEEID D, EM~O—HREAL
EMOTICE > T4+ vV —AWERENE Z EFE
— QB D, A+ VR ENERTEARZ
Fig. 6 127 . M LY —ADEMY § &S L HEM
B EARBSETE V. T b REEA LI,
V—ADEDN EWELEILEVRS.
ZITIREMICSVAEBEREIL, A4 YRR

The Japan Society of Plasma Science and Nucl ear Fusion Research

HISEELY

374

199944 A

2

w2
— 8
£ 2
2 =3
ks g
: 1
8 2
4 3
8 .
ih

1 | | |

2 4 6 8

Time [ps]

Fig. 5 Time evolution of the sheath edge and sheath
velocity. The ion sheath expands into the plasma
according to Eq.(8). The sheath velocity is large at
the initial stage and gradually decreases.
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Fig. 6 Schematic diagram of conformal ion implantation

into a material with three dimensional shapes. In
order to implant the ions uniformly into ali of the
portions of a V-shaped substrate, the ion sheath is
desirable to be positioning just around the sub-
strate. When the sheath is in a position far from the
substrate, the ions can not be uniformly implanted
into the substrate. Thus, the sheath expansion
should be suppressed in order to realize the confor-
mal ion implantation.
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Fig. 7 Relationship between sheath distance and plasma
density with parameters of pulse width and applied
voltage. The sheath size is inversely proportional to
the plasma density to the power of one third as
seen from Eq.(6). For the suppression of the sheath
expansion to realize the conformal ion implantation,
high plasma density and the short width of the
pulsed voltage are the essential conditions.
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Fig. 8 PBIl process of DLC coating on a vehicle cylinder.
Between the process of the ion implantation by the
methane plasma and ethylene one, the sputtering
process is carried out by argon plasma.

IR E LT ENV T 7 A — KRy 2 FBET VT
TIXRERHNTANy ¥ LT &, ®mtlE, =5
VY IIARIZEVFIEDE S D DLC A AT 5.

COLHIHEEORAT Yy TERTEMOERSE & 1
T VAV TONAG, B F VIEADKR TR S HFEE
ME b2 FMIEE LTCPBIFELZ BN
X9 &LTwh. LANL &g 20>y vy KETI,
H7z R L A 4 VIEADPRBICTE 2RS4+ ViE
AEBEOHBEEZIT>THEY, PIIP (Plasma Immersion
Ton Processing) & &2, A4 YEADARZITIHER
DOPBHEBELS LV EHR LB THS L LTHEDT
TWwW5[26]. §74bb, PIPIEA F VEADATEL
MEO7abv A% b FERICIT) L 2EEHICEVTY
5. PUPOBIL LT ERDOT A TS I DATEL,
BT 7 ADEAEIZS R 51 527,28]. LANL
OB E BT 5. ZRITCERY~OFHBITIE v,
AF—NRfe OEBO LIZBLT AV E Y L (Er0s)
BB, FAAL T VIEACE Y EEROUWENH S
NTwa, BRNA IO AZEBOY ) VFOBEE
FRETH SO THEET S0, 7ot A%M% Table 1
R7ICRY. I TINVEY AT — 7 RBIIRHEEL TV
EohEl, BR7ANVFIZIVEHBZIYERL, wb
W 5% filtered cathodic arc D FRTH 5.

FRoy ) yFIAERTH DY, ZRIEBRE TV
THHBMEMEHEETH L. 58, £ < OHEBHERM,

Table 1

L ETRE AT
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722, ¥-RF v —VyRF¥EH, FHIY Y Y b
DFEIHHABIRIEL T ZFNIEH L SIS X ) LKA
PERPEROER, B3 m M EORE SOHRIHOD—
5~ DOREFGEILDIZDOD L F VEAT EREY), BEE
Ky, BR#, <A THENOHER S + v EARED
VYT Y TEEANOZRITTA F VIEASNOEFIE R
Lo TnAh,

7, B3Iy a (Cr) 2HERL, 414 U3E
Az L TEEROYUHDITbRL) ELTwE, HER
DAy FIZEDLEFELE LTRENEIFINTWS, AL
&, ALILEOWEREOYUE, B EEowELR LK
BB ELRABOREL o T A,

INLORHEERT A7 D CERB LTI ~D A
T VEAEBRLITONTEY, ZAER ML FHEEY
HBVZERANDA F AR 5N 5[29-31].

3.3.7 SRRORE

PBIL IZ & 2 BHERRG~D A4 F VEAF TS A< T
g, MEIE, BFY—21%, BRI¥RELL0N
BEAFBTLALELE LTHBII ELTwE. ZOBK
WCERBENORE DL R &N TwD. ARIKERS
FI0FBNTHIZEDS R 7 — b L7278, |l { O,
BEWBBPPbDL LRy, HLUWEEAR~OYE
NRHEELNTVS,

B AR OHAM P E 2> 5 RAUTHIZ A F Y IEADHR
TuL, EHoORA~OHBIEHLRARICL 032
DEREN, MHBEROA TR SEBFMOED S AT
REREVITORTWES, 72k 21F, B—FAZEHTS
TeDIIEEBERBEOWENLETHS ). RECBITS
AR R & B & O EAER S, MR BEOME D 50
MWD LETHS ).

WA RBAEILL . 2N PBO i~ BFOKR
EXDEERELTHLH S, KETIPBOOTRTONE
WZDOWTIRARL Z LI TE LD o, FElcO>VTIE
BEL UL XHE EE2SE L Tw 2T B

PP process for producing erbia coatings.

Process Arc Pulses

Substrate Pulses Gas Fill

1.Sputter clean

-500V DC bias, 30min 0.5mtorr argon

2Implantation A | 150k pulses X50 u s, 300A

-20kV, 20 1 s, 100Hz 0.2mtorr argon

3.Implantation B | 150k pulses X 500 1 s, 100A

-20kV, 20 1 s, 100Hz 0.2mtorr Oz

4ms,

4 Deposition desired thickness

60A, 25Hz pulses to

0.2mtorr Oz

-500V, 201 s, 5kHz filtered arc
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