Poly —Si JEZnlfgeft-oll v
Polyoxide2] M Frik

MR - FIRE - mET

E # dold e Al

Fob we AcdnAA%

2 Zil
o Ao AFUE 545 Aol ahe
A AelE slol A4S WS B 4 zelt lidew oy delw sl FAA
5 4kstub(polyoxide) & 7]°f 4 4bofl 42| capa 7l polyoxidew whA A Ale]E flof] 4FA)71
citor & odutolr}, EPROM(Erasable Program Zro Ao dAldwtn o FARAF{FI) 23, U
mable Read Only Memory) 3} EEPROM(Electr 2 Aoduly kg Z-=cf . o] & polyoxide
ically EPROM) A %}°] tunneling Al3}uto 2 o] A7} qtelskA] i, polyoxideo} 7 A
AH&-Fl ek o]2]& polyoxide A=t e de]E Al el EFFF-(asperity)el 24 A7
AAF, 5 HAgAA7%, & AAad A o] Ao g Z5l7] wligl ez oA
Fumge] E4e shdel ek B wFol4 Aejos, elgy Aelee] BEvel o 7]
= ployoxidee] A= s} ololl wWE polyoxidee] 7]l

e thdg AelT el doping U 4bst

ut e, Abstut A AA9] gas {91714
]

I A B2 0w ol A Ale|Eo] Zabe gBan Loy o
slod g 3EE g F Uk

Polyoxedex= 7]%]4-%}¢] capacitor A <eiu}ts} olub=a o 2 polyoxided= u]4-73lo] = oo}

EPROMo]} EEPROM 2] tunneling oxide & slar A1Z| 4 o] Folok dl= 7 o] 2ol A}g=-=

Alg-¥ch  Polyoxidet th¥-H-o 4x} 380 o] webA S FEE H4Jo] o= A ok 7o

119



4 Aol 4] 2] capacitor #oluto & AL-23t wof =
AAdgta] EAo] &4

8o} gck. e} EPROMe]} EEPROMe] gF
- ez AEE o=
olEg} o opE Y AelE AF Alolol 4] A3}
¥l o] fo|dfofsin], Be A
T s}, 143}1§10457}
o], =3k Aolute] sty El7| Ao F WUxe
5} 8ol hslo] = 741:]010}: el
off 2lejA+= polyoxide2] HE E4jo] u}o]
F-345HA

B9 SAAFI)

tunneling floating #

4 glojof
x4 o

°;1ZéSH°}:6}% 7ol
ol 4= polyoxide& 3 43} 7|
(phosphorus)e] =3 %

ey
2
4% deee A7 RTA 9

CARNY
polyoxides- 4 &3}
I3 AE A Ae]EE T2 ste] polyoxide 7Y
) A E] Z =5l polyoxide?] A7) A
I —V, CEF(Critical Electric Field) @ F—N
(Fowler —Nordheim) polt& A}-&3Fo] =A}s)
et

furnace® annealing 3§+ %

Exo
1o

. oA ¥
2 Aol AHEE di=A Jlge AU
o] (100)e] i, v]#3to] 3—5Q.m<3 N& Az

E2
dolelct  FAFHEZY Dol vhepuidch
Ng di=A 7]t 5cAdy de2Eg A3
7] $)%led dry 0.2 1000°Cell 4] 1000A 2] o A}
g}_nﬂl% FAstadch A& AsurS 625C o

Coll 4] LPVDell oj3lod 77+ 3000A 2] c}A
A AeE 4l 3900A9 wAHA AZL Fas)
%}, LPCVDe] ©]3te] 425°Cell 4] LTO(Low
Temperature Oxide) 500A& Zz35ch =
2g LTOo| Q1 £~=z3lod 100KeVe] of 1
A2 1x10"%/m*2] doseZ o] 2F9]3t g, t}
AR ATl AL ol LR A4S EE g
b =l e dE 93 activationS ¢ste] RTA
(Rapid Thermal Annealing)ef 2]3}e] 1100C

Nz #9]7]o| 4] 30% %<} annealing &}, v| A A

120

BFEE E1L 438 1990. 1.

N—type 5°(100)3—5 Qem |

OXIDATON

1000A
DRY O
|
Poly —Si ‘ .Amor;;hous Si |
625 C 580C |
3000A 3900A
1
| LTO 500A

|

; Ion Implantation (P*)

|
100 Kev, 1E16/cm?

\
\‘ 4E20 atoms/cc
‘ I

I C— —
‘ RTA MFurn Ann. ‘ Furn.Ann ‘
: 1100C 900°C ‘ 1000°C ‘
‘ |
L 30 sec ‘ 20min ﬂ 20min
N e i
‘ LTO removal }
| ‘ .
 POLYOXIDE |
‘RTO 1100C, 2 min \
|

| 350A

I

an POLY PROCESSJ

i

CONTACT PROCESS

Process sequence to fabricate the
polyoxide

&adg o
Aol 9l-& o] &3l 79 diffusion fur-
naceol| 4] 900C % 1000C N, -%]7]efl4] 20%
7+ annealing3}$ich ulaslr] $shed

| QeEe

2 7 o
EX]
;I fLS

r;]-

annealing$- oo u|AHA
Alzﬂi
annealinggt 712, annealing 3 o
o g 3lalglo] o}x] 4% o g grain growth

2 oo A Falo) el ARA 37w Eol .

t‘oJ

oich.  of7]4 LTOE Zaa

1o

r_ﬂ, do

0

—



WHEE B1H 438 1990 1.

Annealingdl o8& LTO 2+% A 73}, 1100C 7] 8)8ted F - N(Fowler —Nordheim) plotS-
o] /4 RTO(Rapid Thermal Oxide) 350 A 2] A}8-519d ot
polyoxide® A&7l 4% oAH ALE

() or (=)

A9 g Asle] A% polysilicon/polyoxide/
3}% polysilicon FZo} A E]E ubEUch
s Al E] =i e 100%100um? o] ek A ZHxl
polyoxide 7| #l Al ]| F2E<(ad 2o eI
ek o714 AlEe] g SlsteddE e
Agel WA 9 FeeAdAdE el
Polyoxide F7+= 1MHz C—meter& %3}
HES HEd #olch 3F AR A

L 18 O
o] o] =% = SIMS HAlo] ¢|5tal 4 x 10 atoms

/em*oldct. AF—AJ(I — V) 542 HP414-
0B% AF&ato] Zaieieh olwl ramp rate: e
0.2V/secolict AF=UE 1x107¢ A/em?E
7] 98 A 7]%-& CEF(Critical Electric Field) Si
2 Aolste] 7 slo]Fol4 <oF 50749 CEFE
+38 ©}& CFH(Critical Field Histogram)-$
F3l9ich.  Polyoxided f& F¥EolE 3} {3 2> Cross section of the capacitor
{(# 1> List of device types
‘ Lower poly Sl Lower ploy Q17 7I:ower poly :Si” : -

Polyoxide Sample

(or a—Si) (or a—Si) (or a—Si)
process ID
implant annealing
! 625°C
, 1100C SOSec S1
‘ poly —Si N
e . :
‘ 580°C lon —implant 1100°C RTO
| N = NO 30 ST
a—ol nm
-
| 580°C 1E16 ecm—? 900°C, 20min il
| a—Si 100KeV N,
| 580°C 1000°C, 20min
‘ SNV
a—=Si N; L
m. ZA3 g 3% 2V/secZ oAEA Fxm I-VE ZHsAch

(23] 3¢ A& Slo] NE A2 1x4 7&% 1)
1. AF—AK(I-V) 54

NE
N
|
/
ju
N,
=g
o
£
Lo
2}
:1m
>4
_\'_
/\
th
p—

B o ofj 4= A& poly—Si/polyoxide/ 3% S
poly —Si 7} 3] 2] €] & | #}3}o], ramp rates O. yYebtsd ol AL 7“3’9‘154—4 rﬂ-‘?«]{-ﬁ—(dis—

121



-2
-4
6
A = POS.BIAS
< o NEG.BIAS
8
=
80
o
— 101
124
14 1 T T T
0 1 2 3 4 5 6
E(MV /em)
{z1¥] 3> Bias ploarity dependence of T —E

characteristics of the polyoxide
grown on polysilicon deposited at
625°C(as—grown). Polysilicon was
implanted with P by 4E20 atoms/

cm?.
placement current)Z 4] ramp rate®} 7l 3l A]
B &35 F3 Flolch A7 Fe] o] FAdE
A FoheAl S9l AR Fohekrl Azte

=, o] 49 FAAF JdPgo 4 Fowler -
Nordheim tunneling A7} &2 ¢jodo|c}

CEF(Critical Electric Field)g 10" A/cm?
o] AFHUEE 7] A "I For AT o
<z DollA Bul AFo(+) vlo]o] i 713
u] E.(+)+ 1.26MV/cmo]i, (—) ujo]ol A&
718w E(—)%E 1.75MV/cmolt}, (a8 4>=
Alg STl gk 7 folct. o] ol & o
E(+) % E(-)%t <a2¥ DolAe] 759} ¥
=<3}t

(g 337} {2F DeflA & o E(-
E(+) gtxc} of 056MV/ecm o &
At ZFo G724 AeE(
Ae]E)oll Abstuto] A AE|mA] asperityud
protuberance 59| AAof o8 =z ANF

_04

A
2
[«

(=2
+

A
=

fr o

Bl

ol
o,

o] A&

7‘%

Z7}(local electric field enhancement)o]
@ Aoz s,

(2 5+ A& SIie| o3k (I -E) 54%
vepicl. o] 2ol ®ul E(+)E 2.25MV

122

BFBIE H11E 43R 1990 1

= POS.BIAS
o NEG.BIAS

log 1(A)

14 T T T T T
0 1 2 3 4 5 6
E(MV/cm)

{1¥] 4> Bias polarity dependence of 1 —E
characteristics of the polyoxide
grown on amorphous silicon deposi-
ted at 580C(as—grown). Amor-
phous silicon was implanted with
P by 4E20 atoms/cm®.

=2
= POS.BIAS
=4 o NEG.BIAS

—14 T

0 J 2 3 4 5 6

E(MV/cm)

(¥ 5> Bias polarity dependence of I —E
characteristics of the polyoxide
grown on amorphous silicon
deposited at 580°C and then
annealed at 900°C in N, ambient.
Amorphous silicon was implanted
with P by 4E20 atoms/cm’

/emo] 11, E.(-)¥& 3.75MV/cmolch <(a® 6>
< A& SIVel =g I -E5AE vebich
o] 2&ol4 el E(+)+& 2.75MV/emo]ir, Ec



BFEIE BT 438 1990. 1.

(—)+x 425MV/cmol}. <=® 5> % (2¥ 6>
ol 4 % wj E(—) #olE(+) gtirc} oF 1.5MV
/em 2 A& ok 4 9lch o] R 580CeA F

ug A Al

= e

S 900C % 1000 CE annea
oloji}4], grain

Ashutol sl

3+ uw grain growth7}
AAsk grain 22 akol 4
+= dv|go] wepx] Al ®lo] asperityt} protuber
ance”} 24 E|o] =47 Z7F EE
4 2.7) wg-el 7] e

(28] 3, 4> % {27 5, 64 & o 580C
- 900 C ) 1000 C &
7} 1100 Cef] 4 30%=7}F RTA Sk
2 580C w| A Ae

A 7] & 2]

oz Al

2|

A E-g

ST
(s

annealing 3l 71 -9
1

625C chA A 4

|2

2]

73f-ncl Eo o] 1-3MV/em & A& & +
olch o] 712 annealingo] ¢]3}o] polyoxide2]

Alwdo] smooth 3% 7] wjF-o]ch

2

s POS.BIAS
o NEG.BIAS

6

8

log 1(A)

10

14 T T T T v T

EMV/em)

{2¥ 6> Bias polarity dependence of I —E
characteristics of the polyoxide grown
on amorphous silicon deposited at
580C and then annealed at 1000C in
N, ambient. Amorphous silicon was
implanted with P by 4E20 atoms/cm’

2. Critical Field Histotram

g slolzlol 4] oF 50/ Hxo] ARl thaked
EZ +38 r}g 100% 2 normalizedle CFH
(Critical Field Histogram)-& -1*+3%}91c}.

123

28 758 A& SIe| oig CEFe Hl=%
DRSS Alg STel il CEFe]
4l & epfich A

2] 2ol

a, <{a3 8&
625C0{] A] —7111-‘_ r,}_/l z]
shale W A=l

polyoxide& 3 43}21S

(+) u}olo] 25 7}3}= CEF¢] gteo] 1.25MV/cm
FAlo g, (—) Hfoloj A% 715}Al =9l CEFe
Zko] 1.75MV/ecm F4lo & broad 3h7 ¥ =3l
o} "k 580 Cofl 4| Stk vl A A 9
100
I POS.BIAS
6a]
]
[0l
= 60
<
wn
f
Q 10 4
®
20
0—
5 1 15 2 25 3 35 4 45 5 55 6
CRITICAL ELECTRIC FIELD(MV /cm)
(A)
100
NEG.BIAS
80 1
n
£a]
=]
ny
= 60
<
wn
o3
o 0
R
20
0
5 1 15 2 25 3 35 4 45 5 55 6
CRITICAL ELECTRIC FIELD(MV/cm) (B)
(B)
CFH

(12 7> Bias polarity dependence of
(Critical Field Histogram)for poly-
oxide grown on polysilicon depo-
sited at 625°C(as—grown). Ploysil-
icon was implanted with P by 4E20
atoms/cm?®.



o polyoxided HGAIAL Wl (+) upoloj2f
7}3}wl CEF¢] o] 1.25MV/em FAle g, (—)
sbsA ®wl 175MV/em E=Alo 2
narrow s} x| o] Qlch
3k Aol gloiAl, 580Cel A F=a+gl v A
AlejEal 7 625Col A Fagk opAd A
2] 2] 719w} degree of roughness7} ri
o sE7] wiskel A Zh5] o ™

5 (g &rol4 % @] Aol () wolojaE

vlo]o] A5
o] 71 & polyoxide
9]
2]

Hoz &

100
g0 - POS.BIAS
w2
m
5 60
=
<
w
e 4
o) 40
®
20 1
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5*.5 6.0
CRITICAL ELECTRIC FIELD(MV/cm)
@)
100
NEG.BIAS
80
199]
m
—
Ay
=
<
wn
=
o
®

0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 55 6.0

CRITICAL ELECTRIC FIELD(MV/cm)
(B)

(12 8> Bias polarity dependence of CFH for
polyoxide grown on amophous sili-
con deposited at 580°C(as—grown).
Amorphous silicon was implanted
with P by 4E20 atoms/cm®

124

BFEE H11% 45 1990 1.

7bek wl, (+) wlolo]~E 7}3 ) i} CEF
HZz7} o +05MV/ecm Z7}8 22 el
c}. Ae (2d 3D g (23 DA
upe} Zlo] polyoxideo] Ar&Alwio] dhAlwdn
t} Zv] smoothd} 7] w§-9] 7o & sbrhs] cpi,

{28l 9+ A& S| w3 CEF ¥lz&
Epfick. A Sof (+) wle]oiAd 7} w CEF
o] 225MV/ecmE FAlo g (—) vlolo] A

5 718w 3.75M/cmE FAlo 7

°] Ao el

o

narrow |7

100

POS.BIAS

60 1

40 1

% OF SAMPLES

20 1

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0

CRITICAL ELECTRIC FIELD(MV/cm)
@)

100

NEG.BIAS

80

60

40 A

% OF SAMPLES

20' 1

0 IEame

05 1.0 1.5 20 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

CRITICAL ELECTRIC FIELD(MV/cm)
(B)

(18 9> Bias polarity dependence of CFH for
polyoxide grown on amorphous
silicon deposited at 580°C and then
annealed at 900°C in N? ambient.
Amorphous silicon was implanted
with P by 4E20 atoms/cm®



BWFEE H11HE 438 1990. 1.

-z x]o] 2l dbdd 2] 100efl 4] # w A&
SV 7% (+) ulo]lo] A& 713 o] E.gh-2 1.756MV
/emeo 2 FHoHle & vehla, (=) diolelx
2 J}3 o] E. 32 425MV/cmo 2 FHof dHl%
% el broaddtAl FEZ=lo] U AL
& 4 Stk

wepA 580CoI A Faa w4 AeEg al

100
80 1 POS.BIAS

60 A

40

% OF SAMPLES

20

05 1 15 2 25 3 85 4 45 5 55 6

CRITICAL ELECTRIC FIELD (MV/cm)
@)

100

40 4 NEG.BIAS

60T

40 A

% OF SAMPLES

20 1

05 1 15 2 25 3 35 4 45 5 55 6

CRITICAL ELECTRIC FIELD (MV/cm)
(B)

(712l 10> Bias polarity dependence of CFH
for polyoxide grown on amorphous
silicon deposited at 580°C and then
annealed at 1000°C in N? ambient.
Amorphous silicon was implanted
with 4E20 atoms/cm?®

125

Ce} 4] annealing3l 71 3.t} degree of rough
A=t
W (3) 100004 el ATl () whole] 2
7 w(+) wlolol~E 7be wf wrh CEF
Z7} & +15MV/em F7h3k 25 uebfich
AL (23] 5 W (2% 6ol 4
polyoxide®] AFA|wde] stFAlmdnct rf
o

smoth3d}7] w2l 7

ness7} olslcta A7 4 (=8 9

4rdg uhs}

2ol

3. Fowler —Nordheim plot
A
£ Aol (+) @ () wloloj A% shstel &
d3kglch.  Ployoxideol i3l a7 xo] O+
F-N tunneling4]-¢ Ahgshe] Fateiet ol x|

145 F-N tunneling 42 c}5-3 2cpvl

Polyoxide-%- F—N tunneling -+

J=(q’E/8rh®@expl —4(2m)""®"/3 h qE, m —04

mo .

o] 714 h=Plank’s constant, h =h/2x
q —electronic charge
E —electric field
@ —effective barrier height
m, = free —electron mass

o e},

(2" 11>3 (28 12>+ A]8 SI, SI, ST
b SNl Haial el (+) W () wholo]
225 7}% o F—N plotg veplich A& S1
% ST 7% 0= ~07eVo|ch. Hi A]8 SII
o SV A$ HAFol (+) vie]oj2E 7}3shH
~0.9eVo]ls, (—) ulolo]2E 7}5lmi~16eVE
H, (OuololaE AR W (+) whololaE
e W mrh~07eV Z7HE AL @ 4
o] 7212 annealingoll ¢]3d}v] polyoxide2] 4
Alwdo] stF ARt v smoothdizl 7] wi-E<l

Ao 2 Azl oA e ® XHE annealing®d

3% 3kA 94 7 +2rt} polyoxideo] Alwdo]
o] smoothdj =i, OFe] FA4o = Wtz
ghehst w] polyoxide?] A& A|wio] dl&A|mdn
c} ©] smoothd] zlc}= AL ok 9lr)



—19

2625 C poly — Si

e L POS.BIAS
~ 20{ *a—Si%0C ann
= s a - Sil000C ann.
b -2y
<
N\
o
o — 224 0.89eV
= 0.72eV
o %4
go 23 N
- X\ 0.94eV

24 T T T T
0.3 0.4 0.5 0.6 0.7 0.8

1/E(cm/MV)

<12 11> F—N(Fowler —Nordheim) plot
((+)bias in the electrode)

—22
NEG.BIAS
o
>
a 0.71eV
5 1.58ev
<
L =4
~ 231
-
% 8 625C poly —Si
= ¢ 580C a—Si
B a—Si900C ann.
1.67ev o a—Si/1000 C ann.
—24 T T T = T z
0.2 0.3 0.4 0.5 0.6 0.7
1/ECcm/MV)

(a2 12> F—N plot ((—)bias in the electrode)

V. @ &

0
%2

.

ol 4ol ATA e g3 Fo] aofd F
ch. 34 2 Polyoxidee] 3}&o] 625Col 4 %
3 o}Ax AL 1100Ce4 30= RTA
39 4 580Coll 4 F gt wlgd AlEal
E(-) %<& 175 MV/em& E(+)

0.5MV/cm=Zi @& 0.7eVo|ch 580 Cel 4]
A3 w4 A Aol N #9704 900C U
1000°C annealing 4] E.(—)+= 3.75—4.25MV /cm

N

o
o L ool ot

BWFEE H11E 458 199. 1.

2 E(+) M8} 1.5MV/m a0, O(—
Yl 0.7eVach oA dl&e cpAdA A

2l E(=t v E de)e 4kstute] A 7s]

o

= 16eViE

Ao

ot

4] asperityl} portuberance 5-¢] Aol 2|3
=Lz A 71 ZF7b(local electric field enhan
cement)oll 2|3l 7o &
gl 749 E. % ©%ke] biasol] uwlE asymmetry
7}zl o] 28 annealingoll 2]3}7 smooth

35 Al

slelxl ol Annealing

s %1 polyoxide#A|®io] polyoxide2
Qe v A 7] wlFolct

%4, polyoxide®] 3}Z& o] 580Col| 4] Z-2tal w4
A Alg]ES Ny 971014 900C = 1000 C=
annealinggl 7 -9-, annealing &}#| 942 W®|A %
4lg)= wl 625 Coll 4] & =gl o} A Ale]&-S 1100
Coll 4] 30%7F RTA3F 7 $-xc} Egte] 1-3MV
/emzn] @ 0.2-0.9eVzch

S b7 slwl glo] 4x10” atoms/cm’®E o] &-F-9]

=

o] 718~ annealing

%] w] A A Ale]Fo] 2l& out diffusiond}sd 4] grain
growth=- &% A # polyoxide #AH®1-E& smooth
SAlstel HyA AAF FoAE BaAA] W
#9l Aoz A7Hch

zluto & Polyoxide?] &}&0o] 580 Coj 4]

2 580 Cofl 4] F=HgL ¥]

H-2]7]efl /] 900C annealing

, 625 Cof| 4] Z 33l o4 & Ale]=-8 1100

Coll 4 302%F RTA% 79 3 580 Coll 4] Z %3}

vl &% Ale]F-8 1000C annealing3l 73 -$-w.c}

CEF %7} narrow 3}7| uwjfol| degree of
roughness7} ] 49l 3lcfar of Azl c}.

B 5 X R

1. D. Dimaria and D. kerr, Appl. Phys. Leit.,
vol.27, no.9, p.505, 1975.

2. R. Anderson and D. Kerr, J. Appl. Phys.,
vol.48, no. 11, p.4834, 1977.

3. E.Irene, E. Tierny, and D. Dong, J. Elec-
trochem. Soc., vol. 127, no.3, p.705. 1980.

4. H. Huff, R. Halvorson, T. Chiu, and D.

Guterman, ibid.,, vol. 127, no.11, p.2482,



WFEE H11# 458 1990 1.

10 .

11 .

12.

13.

14 .

1980.

M. Sternheim, E. Kinsbron, J. Alspector,
and P. A. Heimann, ibid., vol.130, pp.1735 — 1740,
1983 ; and ibid,, vol.127, pp.2482 2488, 1980.

P. A. Heimann, S. P. Muraka, and T. T.

Sheng, J. Appl. Phys., vol.53, pp.6240 -
6245, 1982.

D. K. Brown and C. A. Barile, J. Elec
trochem. Soc., vol.130, pp.1597 — 1603, 1983.

R. B. Marcus, T. T. Sheng, and P. Lin,
tbid., vol.129, pp.1282 — 1289, 1982.

L. Faraone, R. D. Vibronek, and J. T.
McGinn, [EEE Trans. Electron Devices,
vol.ED - 32, pp.577 -583, 1985.

M. Conti, G. Corda, and R. Gastaldi,”“Ins

ulating Films on Semiconductors”, G.
G. Roberts, Ed., Inst.of Physics.J. 1980.
pp:55— 61.

G. Harbeke, [.. Krausbauer, E. F. Stei
gmeier, A. E. Widmer, H. F. Kappert, and

G. Neugebauer, RCA Rev., vol. 44, pp.
287 —312, 1983.

M. T. Duffy, J. T. McGinn, J. M. Shaw,
R.T.Smith, R. A. Soltis and G. Harbeke,
ibid., vol.44, pp.313 325, 1983.

K. Shinada, S. Mori, and Y. Mikata, J.
Electirochem. Soc., vol.132, no.9 p.2185,
1985.

J. C. Lee, C. Hu, IEEE Trans. Electron
Dewices, vol. ED—35, no.7, pp.1063 — 1070,
1988.

127

15.

16 ..

ol .

L. Faraone, IEEE Trans. Electron Dev
ices,

1986.

vol. ED - 33, no.11, pp.1785 1794,

M. Lenzlinger and E. H. Snow, J. A ppl.
Phys., vol 40, p.278, 1969.

# & $& (Cho, Deok Ho)
1987. 2 = K L0 5t )
st}
1989. 2 M) U T e B
A A}
1990. &) : b4 =} Alof 4 wbv)
7|% A4 AT
Z 18 F (Yi, Kyoung Soo)
1960. 2. 19! 41
1982. 2 ol Ao sHar & &y
ha}
1983. 9 : g=kapebr)angl Al Eeky
44}
1987. 2 gh=-a)slz) gl A gk
upA}

1987. 2 @FAAEAAFL o4
1990. @A : webrlgd T4 Aol

™ & = (Nam, Kee Soo)
1952. 4. 11 ol 41

1974. 2 A Ecietm el s
shap
1979~1985 © @341 2}7] 0l + 4
1985~ AR AL
1986. 2 @ &hatabelz|dsl Helety
A A}
1986. 7~1987.6 : Q& Fehstar A 2gets o194l
1990. & = D upuly) o Al Al



