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Recent progress in materials processing by using reactive plasma or photochemical technique is
veviewed, The characteristic features of both techniques are discussed in terms of chemical reactions
which proceed in the plasma or under photoirradiation.
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Table 1 Comparison between plasma and photoexcited processes

Plasma

Photo

Excitation Process

molecule-electron collision

molecule-photon collision

Energy Distribution of broad

impossible)

(monochromatic

Excitation Source

energy s

energy spectrum of light source

{monochromatic energy is possible)

ground state and excited state radicals

Reaction Species .
and ions

ground state radicals (jons for high
energy photons)

acceleration by plasma potential and

Velocity of Incident . ) R
Y self-bias for ion, thermal velocity for thermal velocity
Molecule )
radicals

Elementary  Reaction complicated (in gas phase and on a few reaction branching, and no
Process surface) surface is jon-bombarded surface ion damage

. osgible by tuning wavelength and
Controllability parameters mutually dependent p . Y .g &

intensity of the light

Reaction Selectivity no yes

{c) {d)

Fig. 3 Chemisorption process of photo-excited

species (solid circles) for {(a) vertical and
{b) parallel light incident to the sample
surface, Resonant excitation of the adsorbate
may promote adsorbate-adsorbate  and
adsorbate-adsorbent interaction as well as
well as molecular desorption (¢). Direct
laser excitation and heating of the substrate
may also induce surface reaction and descrp-
tion (d).
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Fig. 4 Growth model of Si from SiH, plasma.

iR SiH, H 5 00 VB OBEMBERRERE 2
VABEATR T L L ABIETE TV, ThE, EREE
FNe LT, SiHs+NH: 75 A= 5@ SisNg [ED
BREHEHKG S % {WmATE S,

75 X = CVD Rilfid, BRTRIIEcdb®E L L
COEPMEE » TWOiZl, i, BLLNLETFT
IS LT, WOLBEOEET RERBATNE
LR GE, COARDPVT HIEFEDHAEDT
—FHEREEEA S,

4, TERXTnoeFry

EEMH Oz v F v 73, Ty F I H A AB ORE
W AR & B ETE C & R OB RIS ENES LT
B, '

ABTZA+B (8

A+B+Cis — AC(g)+B (9
Ty F Y SRAOERAT X EAMERIA 21218
(9) 3Lt Sic B 54 & RS B 2AE L fthoskes
DREETXA L5 2 DENA S, ThB

B-+D—BD{g) - . . (10}
Mz, CF 5 R 2 k6888 Sioz v Fr oK
BOTRI o F vy IEBTHEF 3 VA VEERCRORIE
THERELL,

CFs—>CFs+F (11)

2

)
)
)



K ¥

CFy—>CFs' +Fte (12)
D% DD CFu (m=0,1,+,8) 5 VH R4 4 v
%Hﬂmiméﬂ%,LmiMTﬂbﬂ5F7/w»m
Cl: - OF#ESTER I b,

CFs+4 CFs—> Calg (13)
DEDUEEBTUADNR S F i s 2 UEBE Lk
EHRERES NI, £ 2T (10) ORJSEFNT, CFa
5V HNERIRE T B d W EMAR D & LT
O %1% 5 &

CF3+ 0 COF, 4 B (14)
DRI R » THEIL F 5 P ndEgishs, #E
S OryF S Bkox dicis,

Si(s) + 4B (g)—> SiFa(g)
COLyF vt O: Hinik L5
REHMRREIETH 51518,

S =B LR BT, YA 7oy

ATA Voo TTEBEAFHLTL 344 vORHIES
2 ECHRBTNERNE _ L TOSERER s, [
B C ORI OT, BFEQE N, Whw iR
A A vz e F g (RIE)Y AR & 1 B, T OSW
R R Y v b R OB S - T, g i
R DES D NT L R, XENL 2, SiREELL
HnE L OTERINIC,

(15)
EFir s D B

5. REEInEX

BEEEEFIRCE TR, ch tdbh TRk
7o, RIGEA A v o F 9732 CVD i o
FRTFORARES L L CBROSHE N T,
cn@7/17W®mi$w¢ﬁ¥ciamwﬁﬁwﬂ
BB Th L, SIS o2 adic kg
ENBXS WU -FeDid, CVD, o F /FinlhEE
ﬁﬁ%f HTHEC&&, BRCVD, Ly Lz
ToyF vy, Bz OTFREENTEN TN
WETHEW,

ARG THEAEN DS TP EBERET 2 &ic L
STHHEZEEOT, TORBBERILENR H~<Lh
Tinde FRBIMN 2 ORBITEE & 5 - T 28470
FODT, WY SR TG DM 5 5 T 4

BLEVELEETETH 2, LhL, zoFrse
CVD whknTid, HEEORREIEERE L2
BEBLEVDT, d—r—d — QWS AE L
BFd 32 ERBT LEEE TR,

5.1 3 CVD

B0 S OMEERIC DO TiHR<E S, SiF 20
JEBATERE 160nm i, 17&?‘1@.&(&453‘?%&%
ST 5 ORHEEIIERAI O, T THEE G I3 SiHs

& @ — 435 —

DIEALGESS 200nm &L, K 5 >~ (186nm)
K- TEELGETE A LrEHL, v o vl

DR EIT -7y F7 PH: (WM 2000m), B.Hs
(BIBU 200nm) %8s 52 Lic kb nAEE, p Bk

PERTE 2 L ZWah Lo,
i

SizHe+hy—=8iH, -8+ H
EEALLNBET,

MERE O Ui SiHe 3 80 0idik®Es 08 v
L BB EHERRIC L - THIR Si AT 2LE20
N3,

SiHz+2H— Si{s) + 2Hs(g) (4H=—2.37eV)
) {17

COFEIEE exothermic T-FRNEEZ 542 0O
T, RORERERZFEFCEETSTSHETO SiH;
OFHEER & » THEE SN 5, R0, KRR Fig, 5
R T XD ARERE I I LT LT Y, 1
WFRE R L AEHEESRREISTE 5 2 EBTFINT
Bo CNERCEAMITITHBEOM Pig. 6 TH 5, SizHs
WEEORRIT & 5 R OE T, ARSI H,
L&) BEE LR 2aRE TR SiHs & offjse
HFE L, Sills DX I WEREEST LT EIII
RBELRNZ LERLTOE, ¥ 3 v ~OFlRmn
%, SizHs, PHa BoHs 3IRINIIERS A 190~200 am
T, FREN TRIGBd 1079, 25107 TG 10718 3
RI0TE~E X 10 em? Tdh B T LD W0 R TE
%o KB, 300°C OEWRETCEERZ pf, nlEd
107~ 10720 e DT R RTINS, 3
IR DB R A L ORER Ao RIS bR

SiaHs WHEDER

(16)

20 , . . '
~ ©- 0.13% ‘
g - 0.55%,
Et: b -
(o]
51}
g [s]
10 | .
T <]
i_
2
O [»]
o - ]
(4]
0 I. L I, i
0 4 8 12 186 20
UV LIGHT POWER (mW/cm2 )
A= 185 nm

Fig. 5 Light power dependence of silicon
growth rates

— 49—



— 440 — ERE
. -O- 80mW/cm?
E -8 54 mW/cm2
=
b
I
[as
I
=
=
9]
(W
O]

Si,Hg CONCENTRATION (vol®h)

Fig. 6§ Growth rate of undoped silicon films
against Si:Hs concentration.

FEEISAED & IR AL T A R 0. 64V B & DRI
HRICE(E LT B,

Si0: O CVD TH, Os N (20T bR
4% 240mm Th B2, 185nm UV HTHNFET &
NoO &5 L SiHa & ORI &Y Si0: BfEo 1
Fodt, COEE SIHDEMRL TRV, Frc 40
MWiem? @ ArF = & 37 L —390% SiHHNO i
BT A &, SiFl & 2T RINTHEEL, SIO: 2455
T B, HE 51 SisHe+Op BA N 28 185nm 3
TREIEAFR L SOz EAE L2, Fig. Twmd &
Sir, 300°C PFTHABREEETS D, Eb= %
LA E CVD DISS® 0.96eV il 0.53eV LRI

4 {1684)
103 300°C 200°C
® o THERMAL CVD
@ PHOTO CVD
T ]
£
E
o<l
g
< 10 ¢+ I
o
T
b
z
e
S 100 .
10’1 L L ' ) 1 =

L] 1 i
1.5 1.7 1.9 21 2.3 25
1000/ T (K)
¥ig.7 Growth rate of photo-CVD and thermal

CVD SiO: films from SizHes+ Crp as a function
of reciproeal substrate temperature.

AT LT 5, EREMA N £ B B RE R O

LR, JRRREERA IS ~ ORISR O
TR R LT B,

T H | ¥
_ Phosphorus doped<— | —> Boron doped
&0 - (n-type) T (p-type) ]
£
(%}
2
DS 1
£
0.
[1F]
o -1
©u 10 7
@
-
¥
i °\
1072 ‘ ’ \ e
1 10 102 103 102 10 1

Sheet Resistance (0./0)

Fig. 8 Silicon etching rate vs sheet resistance of 3i substrate: Horizontal axis
{left to right) corresponds to the shift of the Fermi level from the condue-

tion band edge to the valence band:

— 5O —



R

SiOs B OREEE TR A 7 b L THE L, Bl
{bIEE BA5-C 880cm™? iz SiO: OREI RS & B
DA RINEEET 558, EFRES 00CEEETE
WEERAEHEL, IEOOEEEREES 2~3x 101
em™? BT T 5,

5.2 #tErerFr s

Siory 5k Cle F2BT, Ar 44 L —48,
Xe-Hg 5 7, Xit XeCl x# =L —4 (308nm}
BT TRbh® ), Arlkado 5%, Si/Cl ZD
W o F OB S hOBTORE L 2R
REFERETHE LT EBRLE (Fig, 8), D% b St
OBETEBEORDHRL v F v FHEEDETELE LT
B, ZNE, Sihd Cl 39~ OFTOr YN
WS Cl° Ol & B &o5¢ Sit LofloFETT

DETECTOR

4 % — 4] —

wFVIBHRE L LIRS E LTERI LT, Rdk S
LAWBNT S Do FrrESLAT SO0 oy T
YSSTETH LY, ThETORRRLL, Ch R
RKEBHN Ar =YL o F v 0, CE:Br o & 3
HI COr b —H o F v /R ENEA SN TN E
Y 5L, 8i0s B NF--Hy BEH AT ArF =&
T =BT L - Ty F Y LEQREIEA A 2K
&% in-sity XTI (KPS ROV in-situ 7740455
3B (IR) (o di» T,

Fig. 9 i3 in-situ XPS el RIGEE T3,
ArF T 47 b —F (193nm) Oz iz 40m]/
shot, 7 AR LEWEG 8011y TH b, Kz v F ¥
FEOY Y T VERERSICS b T L18< XPS il
ERBTLEPTILLINL»TVE, ChitksT

APS CHAMBER

WA A S S S S A i B A

Y

TURBO-MOLECULAR —) [ ENERGY
PURP  €— T ANALYSER
4
v ) -
DY
/ NS X-RAY SOURCE
S W
=JY _
TURBO-MOLECHLAR PUMP eé_g_w_mﬂINTRODUCrION CHAMBER
!25;]; [ NFg +H,
/— J;; LASER BEAM
2
i 4
bt

PUMP  ag—

WAFER
REACTION CHAMBER~"

—#

EXCIMER LASER
(ArF,193mnm)

S ]

FUSED QUARTZ WINDOW

E— MOVING ROD

1

Fig. 8 Schematic diagram of photochemical etching apparatus for in-situ XPS,

— 5l —



e 442 —

Ty F VS RECEEEAS RO ST HTRETH B,
B (NF3=480Pa. He=20F:) T0 1 — 3814 (1
SR LBl Do SREE (NFy=0,810'P,:, H:=2.8
X1PPY TO L —WIEREEHEAShEEED T v 5
YIEERAREL, BETCOHEEOA, XRKAKRTETOD
BEOATIRT » F 7 b IS, JBASRISER
WAGEN IEE (Fig- 3(a), (b)) 0LELTHED,
SAER TR EMBIC E » TN F VA M L B
FHEoz wF vy THh L, Fig. 10 @ ERSE >S5
TRELEEH ST 7o L&D Si0: FHO XPS A<y
b EERRNE L EIR L T A, BEBHETS & Ni

kMRS WE% WLE (1084

O Fro DEESWMERENL, FEAEERH L -
TEBRERFEICHMNT 5, B NuFREEZ R
F~, Fu B EFE=AvFli~>7 r 95, Thid
WD LS WRAT S 5, BEMEEE LB RO
BRcHENE N BU F {58 SHE T NEs A3
KA LTEUEERD 7 v E3 D H 0k 85I0,
g Uik RAd 5, Bl ARSI L »Toin
& DT YA SO & ER UTERIC NO BU SiF i
HEERT 2, FORGEMER S ochickk~ks
W FRBEICEET 5. —FNOBSBEERODE
NEDNENYNEEICEET 5, ZOKRE Fu S

100A Si0,

5
v
Ke]

PHOTOELECTRON INTENSITY (arbunits)

NF+H, +10°Pa

NE+H, ~10°Pa ArF LASER 30sec

NE*H, 500Pa ArF LASER™EDsee

T
NO TREATMENT

rF LASER 60sec

Bt g e e

10080055

0500 5
BINDING ENERGY (eV)

PR . I N
690 680 680

Fig, 10 XPS spectra for the sample photochemically etched in the atmospheric
pressure after low pressure pretreatment;

WIAGHY

| NO“'/I'REATMENT

1 AFTER

TRANSMITTANCE (arb.units)

[READIETED
PRESSORE

farb.units)

TRARDIATED

TRANSMITTANCE
n

LASER SiF, 3
IRRADIATION NF;=8x10“Pa " smu(‘ GlsmERLc
M, =2.6x10°Pa
40862000 w00 iaee I o
1500 1000 500 1300 W00 900 00 500
WAVENUMBER  (em™) WAVENUMBER (em™}
(a) {b)

Tig. 11 The infrared spectra of NFs-+Hp gas mixture before and after laser
o irradiation: at atmospheric pressure {a) and low pressure {b). '

e 5D



HART v, N 45 S35 3 v F40~ chemjcal

Y7 M AL EICE G,

BRI E 0T, SO 1O Sin EEOHT 2L $
H~Qy 7 PLENEDY, CNRT v F v OMTI
S SiF STOBES SiCh BETCHE-TD T &%
RLTO B,

—HRETEMBEDATrE, HASFOFEE bFEH.
< BEIERE & 2 RS RASF O X 2 BB
AEANCES 2, MONREEF 5 h v 0EmES
PHDB T, 20ROBHERSLEFT LIS ez
biLd, ChEOI LIy, EFEMMIBOMRE, SO
DEEME S Y AMCE»THEELL, TOHROKSIEL
Bildr o F O RETILLiIch B EEL
oD, Fig, 11 L —wW R L - TH =z
fomw F v X OERYE insite IR 0 & - THB-~ hE R
ThHb, (a)BiRT LS iz NO: Rl SiFs g
WHERRSNTWAL Edb b, (b)) E3 DR~y
P (a) CRIGH AR BT LTHELL DTSR
DERM L DBEHITRERL TS, 2hib Si0: o
by F v @3t = — A e B ORI TED S
NABC Ehigd,

SiOs+ NF3 + Hy 2 SiFs+ NOy+ NoO -+ HE
(18)

HEL HF & R OflE o EE MR & T s,
NF; & He OBORICHEZELZLEET 20 LEE
BR2E,

6. SHORE

PR O AREERE LTRIBED THRDRL
VAFLTHD, SBHEERT v wA & LTEFETE

ORITHA DN, FERITE, HEREEOE ML
THRFLOTES T Bamic RS he™, ks
Lo TELNE I VANDEELE — L L LCBE 7R
KEOHL, MEROREET-/20%, BikER oMm
AUty F VI ET DT B EMNTER, P52~
PTRAMERISZ DT, D £ 2554 -
THBEREAN . 75 X770t 2 RO THE
Bl THEBENRF V& VOB THEL o &
ALz,

SBRIL Y 0 2 T SRR S TE B R R T A
THEEHHDEAR L —F (2Frw L —9) RES
WAFTEAESTE 70 0 L A& IRERB ST &3 T
WELEBbND, MRS ve R E, EEOERETCE
Bab I LT EEAE, H T2 0y A0
MY TARLT 3 L 8bhit, $FOFEHOBIENYS

— 443 —

ENB. BEERIEERO A ERREHN MR LI
VIREDEBRR LB TED N, 5 B ORI S 4
BTIPRDREIM L HUATTH B, LRI
BHEOMLPAEDAE OF, ARMEEOAROES
WS S bR RT3 L2 BN LIVESE S o
wADRBLBEENT 3, KFES 0 €xiL, #5
A= 7 e ACEANIE, BRTRE B ORI
EVSEHBEROS, e REME LTOGEE 0T
HHIC OBAF DS Bt kS (BRI L EbNHE,

X

BWEHRE LS5 X Pawz 1 77

(1980) EEEL

2) METHEL HRENR: 8 LSl Ko7 3 =4k
S (1883) L¥IE S,

3} T.J. Chuang: Surface Science Reports 3 {1983)
p. L

4} Semiconductor and Semimetals Vol. 21 Pars
A, edited by I I Pankove (Academic Press,
Inc., 1984) chapter 2, 8.

B) HALMGEIFE 198 (TRHES, 19824) H8

6) Eep—ERE 7' p 20U DR (1082)
74 — stk

7) K. Euke, H. Dimigen and H. Hiibsch : Appl.
Phys. Lett. 36 (1980) 291,

8) JLUE W ISH4HTE, 562 (1983) 657,

8 F.J. Kampas and R. W. Griffith: Appl, Phys.
Lett. 39 (1981) 407.

10} M. Hirose: Jpn. J. Appl. Phys. 21 (1982) Suppl.
21-1, 275,

11} M. Dohjo, M. Hirose and Y. Osaka : Proc, 1982
Dry Process Symp. (IEE of Japan, 1982) p. 17.

12) Y. Horiike and M. Shibagaki: Jpn, J. Appl.
Phys. Suppl. 45 {1976) 13.

18) H.F. Winters, J. W. Coburm and E. Kay: J.
Appl. Phys. 48 (1977) 4973,

14) B 131 R SWREE (B ASEHEmS,
9 H21H) p. 17~38.

15) Y. Mishima, M. Hirose, ¥, Osaka, K. Nagamine,
Y. Ashida, N. Kitagawa and X. Isogaya: Jpn.
J. Appl. Phys. 22 (1983) L 48,

16) Y. Mishima, M. Hirose, V. Osaka and Y.
Aghida: J. Appl. Phys. 85 (1984) in press.

17) G.G.A. Perkins and F.W, Lampe: J. Am.
Chem. Soc. 102 (1980) 3764,

18) J.H. Clark and R. G, Anderson: Appl. Phys,
Lett. 32 (1978) 48,

19) F. Feher: in Forshungsber, Landes Nordrhein-
Westfalen, No. 2632 (1977) p. 11.

20y J.W. Peters: IEDM 81 (1681) 240,

21} P.X. Boyer, G. A, Roche, W.H. Ritchie and
G. J. Collins: Appl, Phys, Lett. 40 (1982) 716.

22) Y. Mishima, M. Hirese and Y. Osaka : J. Appl.

Phys, 66 {1984) 1234,

[y
—

Routd

1684

— 53 ——



- 444 —

23)
24}

25

26)

n

28)

HEFE

D.1. Ehrlich, R. M. Osgood, Jr. and T.F.
Deutsch: Appl Phys. Lets. 88 (1981) 1018,

M. Sekine, H. Okano and Y. Horiike: Proc. of
the 5th Symp. on Dry Processes {1%83) p. 97.
T. Arikado, M. Sekine, H. Okano and Y.
Horiike : to be published in Proe. of Material
Research Society Meeting (Boston 1983).

T.J. Chuang : IBM I. Res. Develop. 26 (1982}
148,

I.1, Steinfeld, T. G. Anderson, C. Reiser, D. R,
Denison, L. D). Hartsough and J. R. Hollahan :
1. Electrochem. Soc. 127 {1980} 514.

S. Yokoyama, Y. Yamakage and M. Hirose:
Extended Abstracts of the 16th Intern. Conf
on Solid State Devices and Materials (Kobe,

29)

309

31)

32)

WHH HWAF (1984

1984) p. 451.
T. Hamasaki, M. Ueds, A. Chayahara, M.
Hirose and Y. Osaka: Appl. Phys. Lett. 44
(1984) 1048,

‘5. Mivazaki, . Hirata and M. Hirose: Exte-

nded Abstracts of the 16th Intern. Conl on
Solid State Devices and Materials (Kobe, 1984)
p. 447,

J. Nishizawa and Y. Kockubu: Extended
Abstracts of the 16th Intern, Conf on Solid
State Devices and Materials {(Kobe, 1984) p.1.
T. Yamazaki, T, Ito and H, Ishikawa: 1984
Symposium on VISI Technology (San Diego,
1984) p. 56,



