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Abstract

This paper reports physical properties of in situ boron doped silicon films made from boron source

gas and silane (SiHs) gas in a conventional low-pressure chemical vapor deposition vertical furnace. If
the p-type polysilicon is formed by boron implantation into undoped polysilicon, the plasma nitridation

(PN) process is added on the oxide in order to suppress boron penetration that can be caused during
the thermal treatments used in fabrication. In-situ boron doped polysilicon deposition can complete
p-type polysilicon film with only one deposition process and need not the PN process, because there is

not interdiffusion of dopant at the intermediate temperatures of the subsequent steps. Since in-situ
boron doped polysilicon films have higher work function than that of n-type polysilicon and they are
compatible with the underlying oxide, they may be promising materials for improving memory cell
characteristics if we make its profit of these physical properties.
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Fig. 1. Vu shift after changing from n-type to

p-type polysilicon.

ui
s

2 AFdaAE X8 dAZE 28 9ls
otJeE, E35E YA TH AR EY F
3l conformaldtAl =] 7}&3dt In-situ B4
T ZAe ol dsiA e AgEE, £ 54,
AR ZUYF 59 B84 548 HriskAh

NE
o] &3 o] 2F9] FFES AR Hutstd o
o] 2Fde wWE ilsloge % WA
k71 g8 EEAEE S
nitridation) ¥4-& F7}8t .

In-situ B &3 ZAdg & A4 A& 200 mn
do]HE AlE3l= low pressure chemical vapor
deposition (LPCVD) vertical furnaceZ ©]-&3}o
2 2L "bg JtA § ¥ 5 HIATIEA
FA 9 Br7retdch. PY EAeEe
silane(SiH) T B ASAAAE Ao5te] HA59
o, & &XE 520 ColA 580 CT7HA W3ats
FHEA wtde] ¥ ARG ol 5 2%
o] w AFAAE HrteA. o FF %
& ZAAAL X-ray diffraction (XRD) o2 #&
stgom "o T4 TR
spectroscopy (SIMS) #2415

A=

ul o
A=

secondary 1
3 FAsA

w
iy
J:J_
e
k

Mt

209

A7) AR A 583 =54, A214 A3E, 200813 3Y

pd YA E
o] AS F& dAg T4 APAe #AL 5+ 9l
v Atgtetege] B4 IAFE AAGY] S8 4ts)
u g2 % plasma nitridation (PN) ¥4 F7}
stk 2% 29  time dependent dielectric

breakdown (TDDB) 54 datadlX % & 4 S+
upel 7ol PN& A 83tx &E AZdAME B4
Ao o8 Atsiutel dst® W] breakdowno)
HASE AR IAHATHIL wehA, o] 2F Y
of 93 p¥ ZYAHE FAHA PN ¥4 F/te
A5l Ao ZAE T}

Cum. Failure [%]

In[-In(1-F)]

—o— p-type FP with PN
-4 | —a— n-type FP w/o PN
— p-type FP w/o PN

5 HEHEHH
0.1 1 10
stress time(s)

100

a3 2. PN %9
TDDB 43}
Oxide TDDB plasma
nitridation (PN) process adds ore not
after ion implantation.

e

eFY F Arshy

Fig. 2. result as

3.2 In-situ 224 T ZAMa|=2 =zt
PY ZdeRe wmei T 02 PSS low
pressure chemical vapor deposition (LPCVD)

vertical furnace AH|oA BA3837+~9) silane
(SiHy) 7}2=E ] &3}9 in-situ B4 =3 Zg4

PZ& FFHE Aold. ole 71EY FHFZAF
O LTUTHE AFT AoZ I FHFHO
2 pd EHYZS 44T 5

a9 32 p¥ Z4AEE ¥4 Al furnace W
9] £&E 520 T2 HAs B28s7tx 3%



J. of KIEEME(in Korean), Vol. 21, No. 3, March 2008.

4 sccm

a3 3. 343rts 3Ed ZYdEE 529 A
2719 tilt V-SEM.
Tilt V-SEM of the polysilicon surface

roughness for boron source gas flowrate.

Fig. 3.

ag 4. F4387k2~ 20/40 scem AFM #2414 1},
Fig. 4. AFM result for boron source gas 20
scem and 40 scem.

o wa Ay e FW AV HIE
vertical scanning electron microscopy (V-SEM)
oz #FE Azlolty, BAEFIIA FFEFol 4
scem ©]ate] waFYd AS HAFA e UEdA
W BAsgvtA f% F7bol whel island growth
Gogo] wAste] B G el HHAJA AA)
Aol HAEHE Aog odHrh

wa 18 49 atomic force microscopes(AFM)
A e & F 5ol BAasgrte frEFel 20
scem 4@ e RMS #-2 1.071 nmeo] A% 40 scem

210

a3 5. ZAEE & exd ¥4d A
tilt V-SEM.
Fig. 5. Tilt V-SEM of polysilicon surface

roughness for deposition temperature.

a3 6.
Fig. 6.

% &% 540/560 T2l AFM #2443,
AFM result for deposition temperature
540 and 560 C.

o we] RMSE L1372 F7F st o= Ho}
Basgrtae ke PY ZE|AdE 9d9 %
| ARVNE SAIE AR EART
a9 5% 30 scem® B33t FEHES KA
3 AejolA ¥4 ko wE Sitte] W AA
712 yehl. V-SEM ARelA HolE ZA#
25 A% A island growth @4o] B& 7}&s)
He Aoz g, ozl EAdyE &
A % SiHgo] GEs st Abstute] FzE w5
2343720 ZA 3 A7t dreol SiHy 7k



A3 gisl 7 %ﬂ°ﬂ we 2xoA AA3)
3 2 island growth7} 2
3] 580 T o] e
%3}17} w43 e o]
A2 %ol ‘1‘0} island growth® A =(seed)
FHE A2 FFo] v & o]FoAA 1Y
AAZI7F A% F7kee A2 UEdrh

2% 69 AFM 235 wlas] BH 560 Tl A
24 4L island growth 42 & x]u RMS
7} 0946 nmZE %W AA77F w& WA 540 To
2E A& island growth @4ol H]8] RMS
7F 0785 nmZ EW A&7t AHoz )5
o uEbA FE 2xe IUkE W AAYE 9
& F/ANE 247 e

el
.__3}-

e

Sitt11}
§
Sif2e0
800
3
60 sccm
g - !
O
N
>
E 400 1kl
S 20 scom
200
o T T T T 1
0 2% 30 35 40 45 50
26 (Deg)

a8 7. p¥ EPURe Pasdte fuu
AA 3 A= (XRD).
Fig. 7. Crystallization of p-type polysilicon due
to boron source gas flowrate.

E 1. XRDY WAZ3 FeldeE G T,
Table 1. FWHM of the XRD patterns and the
thickness of the polysilicon film.

o ZYAgE F
sample | FWHM ( °) AdHE T4
(A)
20 sccm A E7} 425
40 sccm 2.45 395
60 sccm 32 419
a9 7 542387t FEdE in-situ B4 &
3 EYAEE 99 FA3} ALE Yehue
X-ray diffraction (XRD) ZA3}olx, ¥ 1& XRD

ZAgkel A k&3 full width half maximum

211

A7) AAA 58] =4, A21E A3E, 20084 39

(FWHM) eolt}. A& 53 A8 Fo T4
317k 3ol 20 scem AR AFAME A
A Aol ZMgAT 60 scem 7HA F7F AR FEE
Si(111)3 Si(220) peak?] intensity’} #HAA&= RO
2 Hol FasYATIE FF FTh= %aléalaliz—
A3t A FLod Q48 AL A4S &
T AUt

10*

10°

Boron Intensity [arb.unit]
10°

- ——: 20 scecm A\
S [
R e . 4] SCEH \\W
~: 60 scem
- |
0.00 0.01 0.02 0.03 0.04 0.05
Depth[um]
a8 8. PY EJUY2Y Basite §3d

A T (SIMS).
. Boron concentration of p-type poly Si.
due to boron source gas flowrate.

i p-type Polysilicon  n-type Polysilicon': 9%
'I -
0 i p—
&
Co} £
T E
- '
L-2F ;
£ £
=
=}
_3 -
-4 +
-5
0.1 1 10 100 1000
stress time (s)
38 9. n¥ vs p¥ in-situ ZAg = TDDB
54 43
Fig. 9. Charge to breakdown for comparing

p-type in-situ polysilicon with n-type
polysilicon.



J. of KIEEME(in Korean), Vol.21, No. 3, March 2008.

Iy 82 B2t~ §% Fd o
in-situ B4 3 AgEe Ty ¥4 profiled

secondary ion mass spectroscopy (SIMS)Z #4
s Axtolty, WA B4a7F Dol conformalsthAl
He A 4 Jda, B3 FASEME &
Z7vgkel wek g B4a sE7F F7shH,
ol $aoEE FYIE W g Fol
7F dhje] &5 AL 2
ad 9= 94 n¥e
9} p¥ in-situ =3
2tstet TDDB 574
in-situ &4 =3
3% ndHe 43
QBD Fte] thE ARt tail 3

Abstet 540 FAHI QL

ofr & o Hi
B rlo 9 o
A
0
vl

el
ooy
122
AC)
r
ofN
B
b

el

Ach

i1

i)

i

rr e K e
¥ £ o [k oN o

o B

b

o

g lo

tlo
RURRuS
Mo
5]
)

e
o
o
= 22 (o o
o

Ut
ich
i
B
ok 3

Y e 1o

24
2
ffl
2 1o o oft E o

2
M
12 38 g

dlo
o
o

—
D
=

4. 2 B
PE ZYAE & A7) st T4 o]2F
WA n-situ B4 3 el giete] A3
B o239 Wyl Jhglwtoge] i

AZ ¢ WF=A] plasma nitridation (PN)
F7 s ofof s Y, A3 IE2~9 SiHy
1 &38t] in-situ B4 =% ZAES
& PNolu dxz] FAel "Ha gl
2o Ay AREHAA oS EREHYS

OJE-“Q

I

olN XL ol m o o
Dy ol Hm xR

T

{0

ol
e

o OZ".,
B\

%2
=

i
) okl

av}
ofk

in-situ =3 42
| w2t 600 T °l3ke] 2EelME= AA 3}
& E& island growth® 37 F7tste
249 AFY Ade A% TF AHS
L ES in-situ B4 B9 EFHAEEe ¢
conformaldtAl 847 =3 =¥ §2337}
;g wgdoz 3 AL ¥ tE F
¥o Havk ngdrh. PE in-situ
ZYAdeEe e Asieate] 3840l F
obA olejgd HHel B 549 oJHE& &3
A FinFET # 2] 3D EAA2E | &3 &8
o] & Aoz o Hrh

n 2
ot 2

S ol

©O;

o

I

2

o) O
E B2

oo [ pE hU S ol
2 2 o
i

ot

=

ta]

|

Mo

il

[1]1 Y. J. Ahn, B. J. Cho, H. S. Kang, C.-H. Lee,
C. Lee, J.-M. Yoon, T. Y. Kim, E. S. Cho,
S.-K. Sung, D. G. Park, K. N. Kim, and
B.-I. Ryu, "Test structure for performance
evaluation of 3 dimensional FinFET”, Proc.
IEEE 2005 Int. Conf. on Microelectronic test

212

structures, Vol. 18, 2005.

S.-K. Sung, S.-H. Lee, B. Y. Choi, ]J. ]J. Lee,
J.-D. Choe, E. S. Cho, Y. J. Ahn, D. U.
Choi, C.-H. Lee, D. H. Kim, Y.-S. Lee, S. B.
Kim, D. G. Park, and B.-I. Ryu, "SONOS-
type FinFET Device using P+ Poly-Si Gate
and High-k Blocking Dielectric Integrated on
Cell Array and GSL/SSL for Multi-Gigabit
NAND Flash Memory”, in VLSI Symp.
Tech. Dig., p. 86, 2006.

C. Y. Lin, C. Y. Chang, and C. Hsu,
"Suppression of boron penetration in BF2-
implanted p-type gate MOSFET by trapping
of fluorine in amorphous gate”, IEEE Trans.
Electron Devices, Vol. 42, No. 8 p. 1503, 1995.
C. M. Maritan, L. P. Berndt, N. G. Tarr, J. M.
Bullerwell, and G. M. Jenkins, "Poly silicon
emitter p—n-p transistors”, IEEE Trans. on
Electron Devices, Vol. 36. No. 6, 1989.

M. Boukezzata, B. Birouk, F. Mansour, and
D. B. Daspet, "Second-oxidation properties of
thin polysilicon films grown by LPCVD and
heavily in situ boron-doped”, Thin Solid
Films, Vol. 335, No. 1-2, p. 70, 1998.

B. Caussat, E. Scheid, B. de Mauduit, and R.
Berjoan, "Influence of dopant concentration
and type of the
organization of low-pressure chemical vapour

(2]

(3]

(5]

(6]

substrate  on local
deposition in situ boron doped silicon films
from silane and boron trichloride”, Thin Solid
Films, Vol. 446, No. 2, p. 218, 2004.

[7]1 J. Y. C. Sun, C. Wong, Y. Taur, and C. H.
Hsu, ”"Study of boron penetration through
thin oxide with p+-polysilicon gate”, Symp
on VLSI Technol Tech Dig., p. 17, 1989.

[8] J. R. Pfiester, F. K. Baker, T. C. Mele, H.-H.

Tseng, P. J. Tobin, J. D. Hayden, J. W.

Miller, C. D. Gunderson, and L. C. Parrillo,

"The effects of boron penetration on p+

polysilicon gates PMOS devices”, IEEE Trans.

Electron Devices, Vol. 37, p. 1842, 1990.

Y. Okazaki, S. Nakayama, M. Miyake, and

T. Kobayashi, “Characteristics of Sub-

1/4-pm gate surface channel PMOSFET’s

using a multilayer gate structure of boron-
doped poly-Si on thin nitrogen-doped poly-

Si”, IEEE Trans. on Electron Devices, Vol.

41, No. 12, 1994.

(9]



