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Abstract

In this study, we have investigated the effects of rapid thermal process on the electrical and
structural properties of silicon films. It was shown that required times and temperatures for the
successful activation of dopants (Boron, Phosphorus: SE15 atoms/cmz) were above 1000°C, 10sec,
respectively. The typical resistivities of films deposited below 600°C were in the range of 1.0 E-3
ohm-cm which was 20-30% lower than that of initially polycrystalline silicon deposited above
600°C. After rapid thermal process at high temperatures above 1000°C, the films did not reveal
any change in resistivity due to the dopant segregation, and better electrical conductivity could be
obtained by increasing the process time. The grain growth by RTA treatment was more salient in
the case of the doped amorphous than that of initially polycrystalline. The surface of the films also
preserved the higher structural perfection and surface smoothness.

I. M =
*E®EA, WERE - FEESAT (LY Eman chAA Ae|Fe MOS 429 Alo|Eet ANz
(Compound Semiconductor Department, ETRI) Loz gln ulojEal Efx|AEY ov|E g}
BETHTF 1 1988F 4 A 16H SRAM 9] 1A g5 5o wlojarolaEg s 4

(1060)



P 2 F4 dAel Tl &% AW AYE wutel A, FaH SHQT 43
A Azol 92} AL Uek F3l, FEel F A
U= oA AdelEel A 42 MEd Wedg o 69 ohm-cm
daels] ae dHel R Aol Hal, oleF |
A 24T YAsteh A¥E, AHY arle Z ook
toll 2]af "lubo] H A FzA Exo] Witz ul Thermal Oxidation
T#ﬂiqﬂﬂHAWH%ﬂ%é%%“HMl%% |
gAY A7 AnE v oA Agdy & 5000A
de FAAe) L5, <, sla 9 o Faz Ao osiion
XMlﬂ%ﬂﬂ%,1~¥iﬁ%4dl%%%iﬁiﬂ {
2 Fad qlales £ H 122 Eo|n], 600 C ol Ion implantation j
sl M vl A" ez, o ojdolAL hHdg A [
HAe Aelfon F4W b2 AelE gujel 9 S000A
o]l A ez velyoh!tY aglm, 600 C VAPOX Deposition
o] 5l A oflA] F 23t w|A A Abel o %%%fm- 4
naceoll 93l A Aoz HAAYY 42 I § I Anneal 1
A Lol Tz EAI AZA EAQL _,__‘?_ 7N A A 1]
A ASE e Y ols) oo furmace 3 [ woxsew |
HehAlel F4 AAe FHE Agoled slaole) & T
£ dere A48T FAd oAy delee) 54
_g_.é.;d o7 NAAFHE= ul o] /L]i;,]l = Photo L.ithography
dl, 4 FZolE d% dAY FAHL ol&dted oA ]
H T2 AYTol o] £FYY $EEEL 10-202 I o B
Aue he ge Az dAHz 2EET AL I
X5 Hadsidd S siA G407 AnrE o L PR Strip 4]
2E 3 Qebd ae, A Ea wEY A A +
2| wtutof] el dFFol ol ¥ furnaceol 2
o dxeld A, ¥4 dx Bl 9 A Moasurements
€5 270 obAA Aejoll4] (F 225 620C o4
Zax) shebgol B AAgeh 981, 2eea A%
2 dTolM= 2] A2 LPCVD Al&”E A Fig. 1. Process sequence.
£3te] thofdl FAZF oA v AA Ao}l oAH
Aelof de]d¢ ST, F4 A AAgE
ol-g-5te] H5E ol Az HAAHNE FA I Elo]esz AAs &, 10: 1 HF LololA 102
of 88 &, AL uate] 2715 27 2 7+ w0} Fule| xpoiAbsialn) %’i%% A A 3k
el Az, gad A MsE 2 F5 o gy eee) el 94 10004 FA Si
dAY A Ay Al datele) $& 54 0,% TCES dry 0, 9710l dabstals] 4%
= ok waket, A7eh wlgAs Ay Fxel Qe ware Lp-
CVD A&’ & AHgste] 100 % SiH, 7t&s A%
I & shstol ZaA A wre FREAL ched e,
s e ol e i} -Z312 % 1 540~650C
Qiﬁjw“*T%ﬁ7ﬁ’“ﬁTH£f:ﬂ“}* —SiH, %% : 120 scem(Flange 30+ Injector 90)
—9+2] : 400 mTorr
1. Al iz —ubul F4) 50004100 A
& Aol AE3E 7152 p¥, (100), 6-9 ohm iutel HrA EA4E SAslr] s Aol
-ecm8l 47 A|E geol#elw], 4go]¥H+= H,SO, 9 boron 3 phosphorus & £ 52 o] &5 A7} o

H,0,2 4:1 E380a4 110C, 102 AA3}

(1061)

] dose £ 5E15 atoms/cm?, o z]& 2zt 50KeV



44 1988 97 BrIEGH

(B) 2} 90 KeV(P) 2 &glch B¢ Eo o3 24
ol o]2F]lx B F AAE oY 4k whAl s
2, AAeA] IR FAbge] wAlE 7

B3 AEato 2 Vapox-5 400T ol 4

Zatslodct, B A Fol4 e e 532 Heatpulse
610 H4 dxg AAeg ALslgict old dAA g
L5 1000C A 1150C 7kA] 50C 7HA ez =3
A, dAe A zhe 5 &M 30274 52 7}
Ao WA gicl AAe ¥4 Fo FHEIN %
wHAge] 24E 4 A HES 101 HF &Ro =
F9] Vapox & A #3131 o}

ES
. il

ol &gl ¥ dAMe FAL AR oA A=

ulabol Fwiz| 3L four point probe & Ab-&dlo] =

Az, A7|AGe HHAN55e FAHAE HHE
F gwAxgtyel Foz e Falgdnh dAME &
ol F9l H¢EE9 o o7 AME¥Ee ASR

(automatic spreading resistance meter) & Z7 3}
dx, TAEL MPV-SP 9 optical monitor & &
Hoisich =, AAe AFel Eul gael wske
surface profilometer & £ A3t o] &FY3d A4
H} of 2FQelA] ¢ Ao AAe A3 AA
B zzlet AAe FH A
tion) & X-ray A& o| &3l A5t o]
| Bragg angle ®l 39+ 10~60° (26), X-ray
source = Cu-Ka(A=1.5418 A) & A&t 7H&
olz= 40 KVZ sdrh. 2AdY 271 X-ray 3l
Z AlE 2719 half widtheol th-23 722 Scherrer
A4S #H&slo] Fapadch
__0.9x
B cos 84

o714 L& AAZ 77|, A+ Cu radiation® =}
7, 6= Bragg angle, B= 3% A% 2719 half
width ]},

Al sk (preferred orienta-

F4 A2 ¥ utate] 24 S4o WslE ¥
dge 2doz yHez Folugieh 13 2%
dAe) oA e Abelel stets 1150T, 15% WA
2% upote] 2Age) WHE depin Aok 24
A3 FHEE 4~6.5 Aol & vhebile] Kam-
inse) A% Azt Ao QALY Az &

2E dolH AR Tz oz A
A eiA Hstghe el 4 FA ol o A2
o4 T viFA Hejo| wtupEel A ez

it OEBE F IR

-9—@as-grown
O 1150°C, 15sec

anneal

1 } ) I ) L L
540 560 580 600 620 640 660
Td (°c)

e Wsje] B A weie F

o B"E}

Fig. 2. Normalized refractive index as a function
of deposition temp.

=
o
9]
E

wstelgl e o + U

oA Adede A2 A AAA A A
dg Aol F3 wol Qe AHAY AN T
Aslol glormg whato] HrA B AAY A
3} A aslol A Ak =, oerd o
Ay A& AV GE dubdoz oy Ael
£ oo B4 EE 2 A HEd, o age
A48 AlHolA] 2] dopant segregation model'®"* 3}
carrier trapping model'®'" 24 Adulslo]d 4 gir}

Dopant segregation &AH2 A F 9] oof sl 3““ uh-3-

oA, 34% UTol Gatel ool Aoz
s ozl 4belal 7&“3‘19’ Aoz o]FsAl Hof
active carrier 57} Zadozx A7zl &
7tebe HAlolt) o]lel e HAL fyrnaceR 950
Colstel Aoz AAeld 4 dxe] Aeo|E
$% Fxol bk 1AL Sk A et
¢ Az} wa® uh 9a, B4 on
sphorus &} arsenic ¢l 74-¢ &38| W
ofeiz] lepltY

Carrier trapping A AH2 Kaminsol] 28]  Alglsl

2z $4% YAEol B AT ut galel
TAA T2 m b W, AAY Aoy
e wUEs

Ax g Z= A5 dangling bond £©] tra-
pping state & & trap st o] F-&

A
4J8lod carrier &
X5 gez4, HAr|AE o 7|oj sl free carrier
o] 47} 4532 potential R Aol =
P slo], Ax AAY Alolo Ao carrier 2l %
o] JAl=lo] A A Fo] Folctm dudsn 9



5 dA8 ¥

o] Zofol o3 epEy A
ofofdgich 2d3 3 '4%
o233} 620C 9} 560 ol A F3tA] 71
s §4& AAME Fof AVAE wHiE
=9} Aj7ke] W dtol] whzp Jepd Zolch Ad Ax
24 g9 Aol 30 ohm/sq. A= eI} H 7R
gto] 1.0-E-3 ohm-cm ¥ 9 ¢ ¥odF 3 Qlch o]
= 42 AzA 875+ 1.0E-2~1.0E-4 ohm-cm
o] g F¥3] =FA7lm gled, o #;e 2
dose 2 ©]& F9J3% whubS furnace 4 2 (1200TC,
dry N,, 30%) % A0 9} Ao dxsta dx, g
AA Ao pece U7 x& HE el
e}, zejm, A7|AELe Ay &xo Zrlo u}
et g shAl a sln deod, dA g Aze F7}

of g Wshe F3 |4 ¥eiFn 3, 1000
Tol4e 1—%%1 102 o]4e] dxelz o] 2Fold
ETE olXwel A 2y F4sAE 4 5 AUk
=, dpete] A e 560TelM FAE el

620 ol 4 Fate} whuby ot A Aoz 20~30% A
S S Basel deia gle, A 23

£ 620CoAM S whake 10~152 ol F, 560C
W Zabgh wiute 952 ol off Yelta gt o]
213 Aohs 560T AN HAAIZ HAA Hejo A

2o 620TCollH FAA A A AdejTrct A
2l AAA B-E ol2E Ao} v

=]

T

ohm-cm
-2 1050°C anneal
1100%
1050
1100%

620°C Growth,
I 10 .

560°C Growth,

sec

1o 15 20 30
Il

A L 1 1

3% 3. Boron ¢ oA A Alel&9 A ] A7k
Wsiol she W71 a 3t

Fig. 3. Resistivity versus annealing time for poly-
silion films implanted with B (50KeV, 5E15
/em?) |

25
I

Hol o chAA AE uure) M|,

(1063)

45

. o
. 620°C Growth,

5 sec anneal

10
. 560°C Growth, 5
10

sec

sec

" "

sec

1100 1s0  °©

1 1 1 1

C

3% 4. Boron 7 otZA AelEe dA 259

Mol @e 2714 sk
Fig. 4. Resistivity versus annealing temperature
for polysilicon films implanted with B (50
KeV, 5E15/cm?) .
3 AAsE do7, oz gldl AAFY 77t F7I
g Ho| FRlolez FEHrh o9 2 A} X-
ray 31 wWdlel ot AAHY 2719 FA Adetx
2 3 eba ek

218} 5 = phosphorus & ol &F9 3 560C 2 620
C wute] AR g Wt veld AHeloh, A
#]8-& boron Fo 7d$2} o] 1.0E-3 ohm-cm
weE el °'°‘4, boron %2 74 %2} =
2 =A velvta el =) boron ¢ Aol e}
Zko] 560°Coll Al Fatgk ubute] - 7|= o] 620 T ol

Al Fardh wiete ok oA vpebyich
phosphorus 59 #lol# 2 A7 8o zlel= AA
A AT R BFE ol 2FY 1&X Aol
8} carrier 59 ®3lol] 21€ A2 Z furnace ol
g Aty ole At &£, phosphorus &
A3 dlel= S 1000T ol 4 50C 7tAe =
AAel FAL YT A%, AVIAHE
7ol 2] 38} hysteresis AAHS A& v}Ee}
Heol AzER Hel 1000C ol4el =
< EFE YAES segre-
7= Aol YElhdA
°é7‘131 2xot AZLE FrHAIZ ol whet Aal A
712&&:‘;7} NAEE o 5 ek <
AR 270 Zehel g & AAY A

o] 2|3} boron¥}

5

-

-]
U

o=

4

=
=

(<]

= ok
() vE
E=
©

olelgt AL

a2

]

fu

T

4
23|



46 19884 9A

1. 620C Growth,1000C anneal
2. 1150 C anneal
3. 560°C Growth, 1000 anneal
4. 560C Growth, 1150C anneal

”

L 1 L L 1 1

Phosphorus %] ©}2# AzlZ e dAg
A7) Wstol wE AoIA T el
Resistivity versus annealing time for poly-
silicon films implanted with P (90 KeV, 5E
15/cm?).

385,

Fig. 5.

tra-
=7t

1 Aboll 23l carrier 3
g g]o] free carrier 7+
segregation 3l AR X
AR A e AAY e i
b A 57 wEael Aoz

3]
o
12} =

I~

o

k3
U

2 boron# phosphorus & °©|-&
& °57‘13] $o A71- &
l AOM %A A3} 560~5807T o
ol gbollAlel Fhaeh %A vhehd,

ZAAe] AJale] z7lof o} &l
stuchof ShabA ol e o 4 9
%ol B5E ool Bl o4 A

743}, phosphorus & 5E15 atoms/cm?

1000C, 102 <A=g A%
o] 5o thAA Alg)E HLUL

bt -lN

£ i

=
<2

U]

L

—

51 7

|

AL

N

>
2

o2t

L2
R

%
A

4

(1064)

ETTREGRLE HF 258 ¥ 9 %

ohm-cm

1. P-doped 1150C, 10 sec anneal
2. P-doped 1150, 20 sec anneal
I 10 3. B-doped 1150%, 10 sec anneal
- 4. B-doped 11507, 20 sec anneal

0 S0 580 600 620 630 650 T
' ' ' v ' 1

=
a7 6. 5% A F o] =HAA Mg

zaere) Wt BE A712% s
Resistivity of polysilicon as a function of

Fig. 6.
deposition temperature after implant(B .5
E15/cm?, 50 KeV, P :5E15/cm?, 90 KeV)
and RTA.

20
10

Sample Name:
YEI16-2
Measured on:08-22-1987
At:10:29:40
By:
Surface:1/4um DIAMOND
Probe Load (gm):10
Orientation: 100
Bevel Tangent:. 01
X-Step (um) : 1
Probe Spacing (mm):1
Probes:A

to:B
Total Pointss:91
Structure:N into P IMPLNT

19
10

18
10

CONCENTRATION

17
10

16
10

15
10

1
10 L ! L L L L |

DEPTH/DISTANCE (um)

o)

1000, 10x dA2] $2 o] F 9
A AelE uutel 243 AR 24
Dopant redistribution profiles for capped
polysilicon films implanted with Phosphorus
(5E15 /cm?, 90 KeV), after 1000C,

10sec anneal.

oA



cHE N 4 dAe
CPS
>
‘..m‘. Si-Sub 560
£ (200) Annealed
E
2 (11
<
£
S (110 (311}
. R
20.00 40. 00 60. 00
Bragg Angle
(a)
CPS
2
g 620C
§ Annealed
8 (110)
8
e (111} (311)
I S . ek
20.0 40.00 60. 00
Bragg Angle
(b)
38, 1150C, 20& dAz) wepe X-Al sl

Fig. 8. X-ray diffraction pattern of the 1150,
20sec annealed films. (a : 560C deposited,
b: 620C deposited).

Aol 3 A A AT et A7)H,

Azl £ ARl o (111) Al FEA
T, 620°C ol
3 wieteceh AAa a2z o 24 Jehda

843 4A ez Hilsld

T2 54 AT 47

ok,

600C ol 4 S ateh vk (311) A A wde] ZHsiAl viet

U, 620C oA ZaHg wimnbe

of

stglo] 4 AA™Y 2% Frbahgch

azs FAe 2

sz el dxelol o AAH
7ol A4 Hez S
Ao g =r}s }.‘_‘j_ n}
;{1-5] \:q.ul—_,} 7:!0

AR A Aulsko] v

oleigh A

N

AS olz A= A
NEER TENE
Fooh ols 74
10-& 620TColld &

L o x1008
- 8 (110)
L7
L6
- 5
L 4
-3 (311
./‘/0——0 (111
, slsa 5?0 sio 62|o 6310 sslo °c (b
azho. 1150, 152 A o oAy AeE
"9, Faese) Wt e oAy Az 9 spute] Ed SEM AbA
uto] grain size 2] H3} Fig.10. SEM pictures of the surface of polycrys-
Fig. 9. Grain size as a function of deposition talline silicon films, after 1150C, 15sec

temp. for polysilicon after 1150, 20sec
anneal.

(1065)

anneal (a . 620 C deposited, b : 560C
deposited).



48

102 dHe Fo %
7] Lo A1 HWZ' aﬂs}li
2 27]e 747} 620 & Lol
?‘Sﬁ!gﬂi 5.;&15} BLUL_‘,'. 7‘}_,]

=,

i

Ajm R
o Lo ot
rlo i i od

o

o
g

H5 vhebpol 2

o]
al S

714} ﬂdi}ém %
620C oM

. Ay

19884 98 TETILEGEHKIGE

T
—

T

& R R S

2
Lo

i

oo

& e

ok
@ e o

ielectric strength
ZL_Q_ 0}7“ o g,

2
oo ofy

A2
8 A &

FulEA o] &4

2
— o oX ot M o

L
h

g

g8i

olo

[+

-4

22
7} 560C <} 6207 gl =putel o
!

o] &4 AMNE ebia gl
dxe] A Abefoll 4 50 A
Jol W& F58Al el
102 dAe Fof Fuides
I ogkEA BEs T 9,

(Ll 2 fo
S

2ot

L
u}

FH ol

0.

~

xl

ol
d

5}

r
rlo

Jlm 4
N

23

1150C,

ARA debgta,
Agol et ol

: ”&320&

—

agh.

Fig. 11,

{b) After anneal
(1150TC, 10sec)

(di After anneal

(1150, 10sec)

te) as-grown (560T)

=
Lo

o}

A 2}

S EDIEEBREE
EERT!

Surface roughness of the polysilicon films

measured by TALYSTEP.

A dute] 349

(1066)

o2& F 9B
ek o] 2ol o3 Alejel AAFY AlwE 53}
o] F43 sabslo] T alol hillocks 2 HA4AIZ A
ol 7lelgk e g w®alel a#fu} surface roughness
7} 400 Aolste vieb} B & Absebg ARl o
< 7482 1000AAE "ol ua - ANAEH A
£ §o|3 gt o]t Vapoxol g AejZe 9
% siabo] olaAlg AFel Aoz 22
N. Z =)

F4& odxe] Aol 7 Agd qube] &4 o
32 143k A3, 1000T ofabe] ol 10x o
Aol odxelg 7o 2E H5E ol2Eo] &43tE
A3, HA71AFFS 1.0E-3 ohm-em ¥ 2} =, 600
T olstel Aol wjHA Heyz Fatgh uiwtel
zd7]zj‘, .11_7\14 E/Ho] zy]oﬂ qﬁz{o_g_ %:711-6"_
ke op $pghS wolch wepd g4 dA-el 4
2dol o3 agAe dxe] g0 o] FYE
29 st AAAsE FYsid xEel o
A AaldE utats odg 4 9l

2 # X ®
[1} T.I. Kamins, ‘“Structure and stability of

low pressure chemically vapor-deposited
silicon films,” J. Electrochem. Soc., 125(6),
pp. 927-932, June 1978.

T.I. Kamins, “Structure and properties of
LPCVD silicon films,” J. Electrochem. Soc.,
127(3), pp. 686-690, March 1980.

[3] G. Harbeke, “Growth and physical
properties of LPCVD  polycrystalline
silicon films,” J. Electrochem. Soc., 131(3),

pp. 676-682, March 1984,

S.J. Krause, “Grain growth during transient
annealing of As-implanted polycrystalline
silicon films,” Appl. Phys. Lett. 45(7), pp.
778-780, Oct. 1984,

R. Chow, “Activation and redistribution of
implanted P and B in polycrystalline Si by
rapid thermal processing,” J. Vac. Sci.
Techrnol. A 3(3), pp. 892-895, May/June
1985.

M.M. Mandurah, “Arsenic segregation in
polycrystalline silicon,” Appl. Phys. Lett.
36, pp. 683-685, April 1980.

M.E. Cowher, ‘“Chemical vapor deposited
polycrystalline silicon,” J. Electrochem.
Soc., 119, pp. 1565-1570, Nov, 1972.

[4]

(5]

[6]

{71



SHFE M

[8] A.L. Fripp, “Dependence of resistivity on
the doping level of polycrystalline silicon,”
J. Appl. Phys. Lett. 46 , pp. 1240-1244,
March 1975.

{9] T.I. Kamins, “Hall mobility in chemically
deposited polycrystalline silicon,” J. Appl.
Phys. 42, pp. 4357-4365, Oct. 1971.

{10] J.Y.W. Seto, “The electrical properties of
polycrystalline silicon,” J. Appl. Phys. 46,
pp. 5247-5254, Dec. 1975.

[11] J.P. Colinge, “Grain size and resistivity of
LPCVD polycrystalline silicon films,” J.
Electrochem. Soc., 128(9), pp. 2009-2014,

& M E (EERA) $25% Hou BE
A BFAAEATL
@
L

f1 O A (EGA) 5% #ow BK

A BFAAFAATLE
REA TlEd TR
RREEL

£ B RMEER)

1959 7 H 18B4. 1982% 2R
Aechstm A g ela ol 1984
£ 28 A=dsa e A
et MAbersl 25, 19854 10
A~ A RFAAEA T
SHYEUEAATY TP AT

Al afAl, FRAoRE iR FH ] Agdiol
Hydrodynamics of Crystal Growth % <.

(1067)

F4 242 FH % dhAA AUT wute) WAH, FERA B4 AT 1

(i3

Sep. 1981.

[12] J. Murota, “Electrical characteristics of
heavily arsenic and phosphorus doped
polycrystalline silicon,” J. Appl. Phys. 53,
pp. 3702-3708, 1982,

[13] Y. Wada, ‘“Resisitivity lowering limitations
of heavily doped polycrystalline silicon,”
Denki Kagaku, 47, pp. 118-123, 1979.

[14] S.R. Wilson, “Properties of ion-implanted
polycrystalline Si layers subjected to rapid
thermal annealing,” J. Electrochem. Soc.,
132(4), pp. 922-929, April 1985. *

€ & BEFA

1958% 3 H 29H4. 1982% 2 f
At Z|Age st £ Fet
Abahel A5, 19844 28 Ao
st o ahel Z1Aga e gk AL
9 H5. 19844 55~ 3
FAHAEAATL sHRHEbE Al
TH FA g d7A A2 FBAEekE Diffusion
Furnace, LPCVD, R/MCVD, PHOTOCVD% 3tE A

T4 AEokE .
.

B x MOEEA)

1959 4 8 18H’t. 19824 2 A
AEsn ZA-se £of et
AL shel # 5 19844 2 7 E-f
ehul chek] 7IAlE e F-shA AL
st9 # 5. 1985 10A ~3& A 3t
T EAAAEAAT A SEE s
A+A Az, FAAEoks CVD,
AAv Nt sdaidofe br|eS



