| =

] #Aasas

Korean Journal of Materials Research

Vol.

3, No. 4 (1993)

Cylindrical Magnetrong- A} 3}

[¢] =
aqzte] S4o B3 AT

T

Al

)
'
o
rE
oo

X,
o,
rlo

o 2 d

[=] 1n

R T LS L

A Study on the Characteristics of Reactive Ion Etching
of Si Using a Cylindrical Magnetron

Geun-Young Yeom

Depl. of Materials Engineering, Sungkyunkwan University
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£  Helmholz74 & 7} ¥749 @Al os] &FH:= RF cylindrical magnetron& A4
&lof o]e] Ecpzmp ""é’% 7hgt Azbe] g x2AlStR, ek CHF:9F CF/H,& 3mTorre] w28 <}
& gholl 4] Alg-ate Helfe vhe g ol WA 5EAE mAls ATk T o] g Hs @ A
2 B9 vletoll A 4 461 He]f o2 A X Schottky thele=eo] HF-; BEAor 2ziog glat
Ao &AL E E2A319h Cylindrical magnetronol] 713t &8 F7pA 2o oe} Zt2ulhy
ol Bl E B A (radical density) 7 A A o2 Zrstgd o AJHol Yxjst M) &
ZHe #H§ zb7] wholebx H<t(de self-bais voltage) &, W, 2421 A& st 100Gauss H-
2ol AL 73 Aol Hulo AznEHxgE x ojwe] MeElFe AztErvt A& vhEkA e
Aol WsA SR Sosgon, ArAe B4 oAl AMWE Agsel Azke Al
7AMg e olegyel glv A7t E g 5 AU
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Abstract Using a RF cylindrical magnetron operated with two electromagnets having a Helmholz con-
figuration, RF magnetron plasma properties and characteristics of reactive ion ething of Si were investi-
gated as a function of applied magnetic field strengths using 3mTorr CF,/H, and CHF;. Also, I-V char-
acteristics of Schottky diodes, which were made of silicons etched under different applied magnetic field
strengths and gas environments, were measured to investigate the degree of radiation damage during
the reactive ion etching. As the magnetic field strength increased, ion densities and radical densities of
the plasmas were increased linearly, however, the dc self-bias voltages induced on the powered elec-
trode, where the specimen are located, were decreased exponentially. Maximum etch rates, which were 5
times faster than that etched without applied magnetic filed, were obtained using near 100Gauss, and,

under these conditions, little or no radiation damages on the etched silicons were found.
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1 A = cessing)OH Hlste] ol HHe] AFel A

= NAAd eV} -6k, A 7te]l ke A

el A Z(VLSIC) oAl 3o =17] ﬁ(end point) & Zv7p #§-n, mg g e
b i) uel wEgAd ol dAAAe stz =4 T dertA Fyges <
active area definition, % % 4 Z}(contact etch), g Ao RE FHo] T doly FHoR
g wAgE A So AL BE A2 e Ade dH oot @l ol g ol
S8 Hol WA AHIE AxFgol oA SGHAALG ] Aol H xa sl slol Al v
o 4" FR3 a4vh HALR B oy SR "ol ¢ Yl EepEek(plas-
A717F Frhgel ot 9 dolH F % (sin- ma)el HUEE FIUAA AAEKEE Fold
gle wafer processing)o] Hj =] -5 3 (batch pro- e =48 A7 98 Magnetically
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enhanced reactive ion etcher(MERIE)U*~®
Electron cyclotron resonace(ECR) plasma
etcher® % Inductively coupled plasma etcher'”
ol oeivkAl A7l AEa w19 dFe
AA TrE A A el o] &5 QL

Y AxEL £He planar dioded ol )
hexode® WS4 o & A7 3 Eohmu)
Hzbgelel wate %o QpEd A ez}
gasol ARAZton G4 N2l HHg
%o A%sA Azee 2dd olaw 4
AT g ole ANAZAG] Aol <)
o] 2 f 1] A] (ion bombardment energy)
AolA ol A7t 71 # FA
HE2 ol g F¢ F

Ak T A% ow Fo
A7)l opef WA o] & [ A7
© ol&&EdE AA
7 "WojA| 7] uf ol o] &7}
s %}4 Hes e WHE
AGFE g

2¥E B F L(sputter deposition) o] o]
A}%Eloi% cylindrical magnetron®’& 8 2%
del A} 8% 3 9le planar magnetron® ¥ 3}
Zol A7 AL A7 Ao spsted A
ol 4 H& ¥ A2} (secondary electron) & +
salo] ExB BRAF2 9463 £3 )5
ARl UHEES oA gemM gZelx
wEE duAE b g g&Ho2 A
29] oj 23l ¥l B o] &3rhE HolAM=
2o}, planar magnetron¥ys 2] AT EW
o RF 87 el el BE A Hell A st &
Ao WEVE dsted wnFatE shste] Qo
Ae ZepA vt Hert Js 29 FHd04 o
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7o) HEsich. B o FojME Helmholz 2
g A= 2749 ﬁx]--1—€ o}-& 3l RF cylin-
drical magnetrong A %t ol¢e] Z¢lzn}
qAT o] AXE HYETE Azt w3 A
ol & ZWAAZYe] wAE A7 EAFHE
3mTorr CHF;¢} CF,/H, ¥ $17]3lell A A+
3 IES o] 2 A7t o Schottky tholor E
Azate] Azt Qe o] &4 AR E

2413+

o m(

1[1.

2.8 a9t

B Agd A 83 dEFAE 29 194 B
gt} AL HelmholtzB8 &2 AF L7 39
o 270¢] ZHAxU(coaxial coils)& A x| 3t
dojHod, JFL7et o] UL Y 19
Hel A3 ol aBor Ee AuEN 2
FE7J Ao HFrd FUEE F7HAA
k. 2 & 09 A 250Gauss7tA| ¥ 3FA]Z
Ag8rie 2dEg2Foz AzxHPey F
o 9% 8t= cylindrical magnetron® = (1
g 2)2 @ad W3k wgAS Folil HF
cgiFHe A HEHREE TV A6
=223l 24 v) ¥ (anodized aluminum)©o. & A
ZHAd . 250Gaussd] AL JMPEd A=
WA o] Ao FUEE 3% WAL,
AlHo] g1x ke HFFRAMY FLdEE O
5% olfgth A& dolde 19 29 B
ol ube} ol A EZ wIYEE AT Al
H & U] (specimen holder) & o] &3ld A
FAAZA G A3 FYPE sion o HF
o 135MHze] nF#tE A4AAH AF
7Pl A= AFdE e 045W/em?eo g2 i
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Fig. 1. Schematic drawing of the experimental ap-

paratus.
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£ 1-2W/Cm2°i kA A FetznE
TR fFEAHES O dojAs ARF #7] v
oo} A @‘i}(dc self-bias voltage) & A g5
network) 2} = Abol of] A
# (bandwidth) & zZty 1194
dx A g d(high impedence voltage
probe, 2.4 : Tektronix p6015) = =74 5% c}.
AR =Adel st Fo FAAHA NS
HE FHFdp

H(matching
75MHz2] 4

oo =

il i

Power Lina
Water Line

} W——=————= |nsulator
les-

23 /

“4—— Anodized Al
Eiectrode
145 cm

Energy Analyzer

~

4— Spacimen Holder

Anode Shislding

Fig. 2. Cylindrical-post “flange type” magnetron
electrode used in the etching experiment. The elec-

trode was made of anodized aluminum.

Hetzute] Ade #F oF Ad AU
(optical multichannel anaylzer) 9} Langmuir
probeE Al&sto] EAs ok % oF A

1 HALARE YEAE L8 59
o Zepzehulel HajE 7 g
als)o] I & A8V 98 *}%5101‘:} o]
= w32 ol (Instrument  SA, 24
HR320, grating2 150g/mm¢} 1200g/mm-&
AL g5 Edld Badw Zulzvie] 29 in-
tensified photodiode array(Princeton Instru-
ment IRY-700)& Esly #H7|4&2 vy

ol% IBM PC/ATo| A7ste] ehzohujo
walE Mae Wes d3sed Agad

o ¥AEH Zolzats #d Z(optical lens)
5871 Abolo] F3hA] Ao
g Fateo v aralE
2 R }i t}. Langmuir probest= single electro-
static probe FElE 2] Zg}zuhjel ol :
o} Z¢}=wl A9 (plasma potential) 5% &3
3l71 95t AL H Y. o] probe tipo 2

A 0.25mm?3 A x10mmZo]e]  E AHEH Ao

6mm#A G o] FEd AAW ez mEH o
Tetzoke &S ha, Ao wtRe I¥
&71 Frell A 10047 9 pEE dxAe
2 ddd JdHR o] AdAe des e
Ao mhet SAEe d9-dFEe] yde=
FE Eozehy ojedlw o Fepzal He
& AdstA o

dEe AgEw s ol Yol AR g
2 (photoresist) 8 el & 3l o] & =z+z}
HA A7k Fo Al ZFEAE A AT

LAl 2 7bH BE2S profilometer(Tencor In-
strument Alpha step 200) & A}&3}o] 27}3]

ol & F A3t o] & AAAITIOE R EN

Fahelch.

Schottkytlol 9 =2 A 235}v] ¢std 5-20
£2-cm, N-type{100)H 2] & & 7} ¥F&A o]&
A4t 2oy Helss] An Fol 74
RCA AW Fr71E8ede] AALHE
Apg-stel AlHskdich %, HO.+H.S0.E 1:4

Hol 90C=E 714 e oo 2083 g

a

0.2mm Dia.

-

2000A Au Layer Etched Surface

N-type Silicon

2000A Aluminum Layer

Fig. 3. Schematic drawing of a Schottky diode
used in the experiment. Au layer was used tlo
make a Schottky contact and Al layer was used to
make an Ohmic contact. The Schottky contact

area was 3.24 X 10 ‘ecm?
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s 3 22 water2 A st ol EWo|
F49 FIv S odF% ﬂﬂaqq

erE 1Y 33 2 FrEA
Hol 0.2mm3% 7 XZOOOA.J
A5 lift-ofihyg o2 s}
o Azhd] Z 2 (electron
beam evaporation) &% 2000A A we] LulgF
(AD¥rars Ayt I-VEX EAdE= semi-

mlo 2
N

conductor parameter analyzer( %49 :
HP4145A) & A}&&}9ich
S.HEHEHZ N

Cylindrical magnetrong Al&3ta 3mTorr
CHF; 2 CF,2 045W/cm*Z%§ 1.2W/cm’
o) A A7 A AN 4L
g 29 40 Jha Al FE TASA
1ol 1el whel gol AyEel Azt
A 2700 7kd Aol S7hgdl oret A
4E57 Fhse A% ndout Aol
FETE AL S7HEl wepd g A E&wst
HAYWAE Heli o|F AXHoR AHol F
7hgtel whe}l A A&EvE dAastar Hd 4
HETE ol Ftgtel wet Frhshal o™
CF.9o] % HF30) dlsl &4 &sr §&

=

%9
37}

5000 — T T T J

—W—0.45W/em2, CFa - -[J- 0.45W/em2, CFH3

—4—0.75Wicm2, CF4 - - & - 0.75W/em2, CHF3

4000 t —O—12wiem2, CF4 .
3mTorr ]
3000 N

2000

Silicon Etch Rate (A/min)

- 1

0 50 100 150 200 250 300
B Field Strength (Gauss)

Fig. 4. The effect of magnetic field strength and
power deposition on the etch rates of Siin CF, and
CHFs.

g & ARt ole AW EAde da
T AYEH A @i Bae 43
o Aol Fe FHE HESH 4
g9 Aztes AN WY, Eae
Z71ske) ¥& SiFEdH9 sgES IA
o] AeEs AzsA Hed CFIL

CHFsoll ul&] F/Ce] H]%] apg 2L
ZAsNA AEE7 & Aoew 4HA
AT CFeoll Fa FFS tﬂﬂ"]ﬁ A
Fo| A& E A F5 A {FAS
A7 AAJGP

Aol #Axg ZFIAZd wEk cylin-
drical magnetron A=A AolA= AHAF
2}7] wlojor2 M<tS CF,/H, ¥ CHF;
sl 2@ 59 YJEfAT I2Ed B
ul9} o] AAE 0Gausso| A 250Gauss

Z7AN e ohel AF A7] npojoli
A Fe 1000volt ol Aol A} Ovolte] 7474
Arro AFHY #2EF HYrh EF
2o Bl upe} ol HFe 7t =¥
ol Z7tgtol wat HF A7) npolopi A
gto] Z7}3t3 CF,/H, TFMEE ALEA
Fagrdol F7hgel whet o] HSslol A

I T T 1 ]

——0.45W/icm2,CFa
~@—0.75W/cm2, CF4
—O—1.2Wiem2, CFa b
<O 0.45Wiem2, GF4+40%H2 ]
- - - 0.45W/em2, CHF3

3mTorr
1000

- & - 0.75W/em2, CHF3

100

Dc Self-Bias Voltage (Volts)

10

0 50 100 150 200 250
B Field Strength (Gauss)

Fig. 5. Dc self-bias voltages measured as a func-
tion of magnetic field strength.(Power was varied
from 0.45W/cm? to 1.2W/cm? in 3mTorr CF./H.
and CHF; gas environment).
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g AES BEdo olF v A el mE

a7t b Ao A5 27 npolops gt
Faeh vEel I ESE Herd # Ay

= RF¢ # %43t (peak-to-peak voltage) &

oA sbek Agol Fohgel wel o gag
[es

Hdbzupe iy doe WS FHRE F
A dgete vieagoggs g sty
zb bR dojy Yo g vERd 3E
Cr.ol 7 9o s 1% 60 vtepdct.
Aol 200nmEFE 220nm7bA 2] ¥ (peak)
ES TR CPYVs B wWEko 9sl Fo
I 260nm o] A& Al wAe] W T
CR.A vy wa 600 ©. & 7L E]
750nme] frEld H " (peak) & FMR K

rgleff HQl whep o
Aol Gmvh FobEe oep FHe dew
A& #7418 2o A4 EHdhzupbd
CFio] Halz Qleted HAdH olF Rald 7
2 (radicals), %, CF,, CF, 2&8]1 F¢ dx &
A R Ao B AN HEEe W
7 4 (optical emission peak)e] el ¥ o)
Qo T o widste e ohyuh fUxte

4ol A gEs s Wel Fie] vt of

A ol

BEse WEelth

L

~

EA<l A& F Aol A9 L=k =kmn,

(Qv)E WEpd & Atk A7) A ke v 4%
T, nee 7)1 A GE A e ZalE e F oA
AL gy o 7] § & (excitation efficiency),
nt HWAEE, Qv BE Axvh o v
2 Ye F55 Usde
cross-section), 12]3 viE Azl &Hnp g )
Buith = wEsHe
peak)e] Aw= Febzvhdg F fxe] "e(n
et AAEE(n)eke] wrofl Bl g} ule}
X, Eehzehdel AATEE Eehzohyel

ol m el Ao o gt zupdj o] Fel
J

A} 4= (excitational

gl (optical emission
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=t

zte] F1e7} A Y ol UL VE FU)S
HOFo A WaEs Yo AHAEE S
A #oh whepa] HAzpAise] g E g A7
7] 918ta] Coburn® Chenol] ¢J3] x¢l% Ar
actinometry® 405 A& 31} & =1
4 sl Bobzvie] o] WA e AT
o] Ar(eF 4% H )8 CF,9 EFsle 232
vhfell F=qisted 703.7nmoll 4] Lol X = FY
Zpeo] Wubge] ZFrgholl 750.5nmol Al 1o

[}

A Ardpgel Frgtos o] Wamy
of &%E MY ZN ZHH F 472
el AddAel ghe e 4 Ak frgl 79
CHF, 3 CFy/Haof WhgA 722 §9) 7] 5ol A
0.45W/em®e] Z2 & 7hetd o of 9o Uy
< AbEeto] rE FofAbuio] gk vt
R S B S RS 2 L U S - A
§t7l Langmuir probesr AH&3ste] FA sk #}
del Skl we ol E A el
oh Crgell A Hols mpeh o] WG Gt
ol whef o] 2yt HE Ao FUlsty

A 3
s F fixte)] Mww o] ZHupghs o 4

S
Sk oW 4gel B sel Al F A4
v CFyR.th= CHE §-7), 528t CFy/Hol 4
& e Hoo) s g
8a+3
3mTorr, CF4 66+3
045W/icm?
de+3
8803‘: 2643
E
2 59‘3; 250
$ )
= LN
e ] U/W ) N
= . T 3
s 3<t_’v‘__’_ﬂ__,r\/\,/\,/\/\mr—’\/\/\/\\,\ P~
-3 )
T T o

7 d
200 25¢ 300 350 400
Wavelength (nm)

a)

3mTorr, CFy
¢.45W/em?

Relative Intensity

T T T T T T T T o
42¢ 453 500 550 60C B850 700 750
Wavelength (nm)

b)

Fig. 6. Optical emission spectra measured for CF,
discharges as a function of magnetic field

strength.

CF& AF£38l4 3mTorr, 0.75W/cm?e] 241
stol A 2t7] th2 Aol B g Agste] 1.5

um {10l & A2k defstom A gl Schottky
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10 T ] I T T j
—B-CRe 3mTorr, 0.45W/cm? s 4
b —®-cs ! i
8 r —C— CF4+5%H2 ,'/ ﬂ‘
I —O—CF4+20%H2 /
—&— CF4+40%H2

— ’

[ -~ & - lon Density

o
|

Relative Ion Density
o

Relative F Radical Density

! l |

0 50 100 150 200 250 300

B Field Strength (Gauss)

Fig. 7. Relative F radical densities estimated irom
Ar actinometry for CHF; and different CF,/H,
mixtures (3mTorr, 0.45W/cm?). Also, relative ion
densities for CF, plasmas measured with a

Langmuir Probe are shown(dashed line).

delotel I-VE4E 14 8o vhehiich
Schottky tho} @ = 9] effective barrier height'*
e mHe] Aol ngstnz Wzt
o2 A% NE AW &R EE ZAH =
% 4 2t} Schottky tho] o =& A Z3& =)
o)A el HES F Yl AgHon U
fsted A2 2 7F Al 10%HEFo Al 587 <5
Nog 273 Hz]28& Schottky thole =
Aol EgANA gzl A ztet A
Hy} A4 thoje e [-VEA S 2439t
Tl e wpe} o] ofY NztxHow
1.5umZ o} & 4 7} 2] J o 3t Schottky ©
ol E9 H7H EHL &
o] Hxo| A d4FS I8 ¢ 5 A
o & Agel Awsh kel o
Schottky tho]l 9. = 9] [-VE A o) 2]

2t AW -VEAe AAsAE dy
e QAT g A e] v

iy

=)

A A 9

4
F7hete A

%7} 100Gausso] 49l A 9= HY V44
e FHoZ g AlHI diog
75 AlHel [-VEAE TRV A8 E
ARE FASE 54 vgddn. o VR
Aol A kel ¥ 314 F (reverse saturation
current) 7S Mol 4w F(log scale) 02
vERjo] vlwst A3 CF,¥5 obvel CHF,
¢ CF/H9] 7122%E& 4183 28 A%l
e Zepzube 71g A o] Frhgtel o
o g ¥xAF AFH R AP
W 100Gausso| 49 AFE 71g A Loz o
SEAAS A G AW FAG Am

M(leakage) A7 & e AT

1 T [ T T i T i o [T
|~ 075 W/cmz2 ]
10} 3 mTorr, CF4 “ o -
r F cT |
- E ] B
= O-UJ A T
<< -
2L
= )
I
5 D
(SR o R
CT Wet-Etched Sample E
E A 250 Gauss D 35 Gauss 4
% B 165 Gauss E 16 Gauss
F/ |C 100 Gauss F O Gauss -*
- ) I T /| ] I S I S W i

19400 -200 0 200 400 600 800
Voltage (mV) Kp-3257

4.Fig. 8. I-V characteristics of Schottky diodes
made from CF, plasma etched Si at different mag-
netic field strengths.

4. 1 &

29 4ol e vieh 2ol AR Sl
A 2R Fbel wE g ol Y
Mzt el Frbe Ao St wet 14
634 7oA mel upsh o] WAz ¥
&l o]l £ FUIE QI ole
el Fkl we  Fold  zdlA
Langmuir probe® &A% ol x o] F7i9
actinometry & ol &3t L U AN
Ao F Aol 4oide dee) 3tz o
T A 2 Agddsd s dejde AgEe
4ol Zokel mek ALHA E7E BA
g o= NHEE HAR 3o 2 ojFr 7
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Azt FAE Rl AL 19 48§59
g 4 ded oy g 7ol Bl whep e
2ol Frtel weE AL oj2dre T
7heh Fof 28 #al®l Madrwe] 72 o
ZHe Ads Eede 42E Ado
g 7ol wEW o] Frhete] wmep Eet
zuhff oW Eet EAHE i Amdt F
shatrg A HidSne gadel §lol
HHF o g Frhste]oF dhrt.

Aol glel d 4o et Zo] AHe T
7bell mheb def e AAEH=vE HUAE
BRI o] Fole gaske oke Ade T
shell wpel Algo] §1x] gk o ‘TT.‘T_&]“ 2]
& 2}7] wpolopA Hgrel 713 A 9] o &
Aol ols dgsold 5 vtz Al E

%, Aol F7hgel mhel 19 5o ubepd
nho} 7to] 2B x}7] Hlolop Hto] 2427
Q) HaE A Hed ook o] Aol 7}
A= ol 2oluA e Fas Qlsted duF
of 4% ZelvFeo FAMSE HA&rrt
Badnn Aefd. Faeze Tt
duie] 4EsEs Aol Qi ol
olgt Ea|m o] A zt(sputtering)&Eo] 2]
A AA Ho oy Aze C/F vgol F71
gholl whebr] Frbshal ek o] o4 gl oo
e Evt gAage wel FteA g ol
U= 19 5ol AR A7) wlolols Hst
(dc self-bias voltage) ¥ %g}=zn} Mo ¥
o2 FolAA Hy Hepzwt dA9e] Ge
Langmuir probe& A}&3}o] Z=AHs Ay =
o] Zme uhgl thah g2y o 50eVA R
B 2te Ao FHHAU

wpeba zpAe] Frbell uwheh AlH $el A
He EfuEFe o] 24 Z(sputtering) & & |
Badel A FHoI2e WA w0
2lzh BabE]l SiFgel g gk (diffu-
sion barrrier) & Al sl7) wlFo] Zdlzaly
o]zl Hajd Mo Ayt Frgdx
;__’,—;-s} ANzr& e} asHA €93 Algd
wa 12 404 Bl nie} ol % )
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o7 AzbE& FAA77] e e g o]

AL A7 27] vlolopz Agts Hepzol
P

9ol FFl oF 100eV ALV HE Zowz
Az g

Aol Frhgel wel AWl si A o]
2R = AF 7] wlolops Hste] A
of A FastrE AHUY o] 2EA A4

ArHoz ashl feh olsh go A
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ojg] #pare]l W= s Azt zAsIA P
= FA wbE A dygfter 1y 39
Hol FHeeo] Schottky rho lggz 3 A 5} o
1 I-VEAS ZHSGS o e Frhe

ok Al dHe A4 F AAEE &4l
Paste o]z AdHol IEHE Fog
& 7 A
5. 4 2
B Ao 4 cylindrical magnetrong o] &
sl 3mTorr CF,, CHF,;, 218]x CF,/H, 7| =

7|8t~ Hel s Aztetn A zbe He
fo g Schottky el =& wh5o] 1 7]
A AdE FHstdoh wg vadEE F
olgdn:, Zyt=upbHY, 1
2] 1 actinometryZ o] &3l Eglzulg g
BaE AAUEE 3w T8 A 7
A= AfF &7] dpolop2 S FA s
MN7h&n yl Azbe AjH e *7]31 Ao
Az Aol HAE

& AN Al 7 7H-

Fol FNEFE o AR&EErE FUlslo
100Gauss Aol M= 2

al2] e zeo| wla) 58 AL 1 A7)
7t Frbst ot olF oA I A7tEw
7 Fae gk 2700 A Aol FUtd WE
A& o Frte Ao Frtel ot ZH
Zahg HAzzp ggAos FEHIT EI U
MEEE Al stReEA Zgtavie oj2dw
2 B Nadzg F/AA AEY 4
ZEm7t Fristd 2R dErE F7hgel
b Ao QAR = o] 29 A Fa
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stel o] ol LeUA 7t AW FHHE Fe)
Wze adHez AANY & Ab o
100eVel AA oAt sow waAY A
saEsh oleWwe FrbdE BTHL 1
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