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A Study of Concentration Profiles in Amorphous Silicon by Phosphorus
Doping and lon Implantation
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Abstract

In this study, the undoped amorphous layers and phosphorus doped amorphous layers are fabricated
using LPCVD at 531C with SiHs gas or at same temperature with PHs gas during deposition,
respectively. The thickness of deposited amorphous layer from this experiments was 5000 A. In this
experiments, undoped amorphous layers are deposited with SiHs4 and Si2Hs gas in a low pressure reactor
using LPCVD. These amorphous layers can be doped for poly-silicon by phosphorus ion implantation. The
experiments of this study are carried out by phosphorus ion implantation with energy 40 keV into P
doped and undoped amorphous silicon layers. The distribution of phosphorus profiles are measured by

SIMS(Cameca 6f). Recoiling effects and two dimensional profiles are also explained by comparisions of
experimental and simulated data. Finally range moments of SIMS profiles are calculated and compared

with simulation results.
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Fig. 2. SIMS-profiles of P implantation in undoped
and P doped amorphous Si layers.

4. Computer simulation Zafof ci st D&

Ry, ARy, 7, BE FAWGF RS 0|29 EXE

H]?éé] )éa]%o“ﬁ OL]QI E%B} o]%_’r’:ﬂoﬂ ................................................................ zg%!iﬂ

ZA A3t range parameterE°|th 1Y 33 1@49
Al A4 4789 moments®E ¥ 41.9] el
E 414 RS @& Yol =38 AL =95
A e HAY HEET FHAAN o do] o%
AAUTE & F AU oHL o] na =3y
g HeEFe Qo] oAl o]2Fgld A=
Qo ol AHAHY FEo) & recoiling EH7}
UEbEE AFE LT APL B9 G £ 9
Ak, ok FEEIE mJAHEr] A
TRIM-code?t 285, TRIM2dE FEZ<Q o
YA depositiong YElWE W6, TRIM.casc:
recoil transport® X %3t Qo dwiy oz A
of AL ol2e] 71 g 7B o239y AH$
© recoil®] o]Fel diF P} masjoryt o),
we2bd 2 =& & TRIM.2d% TRIM.casc® =
JHYE M2 vugo 2N, I o7t BAL o
2 A% recoil motion®] oz oiiz)-&A
depth pofile®] © o] target £22 shiftdlA I
Iy FH922 WA AXE profileo] YEFIA R
o 2 R s ol2e ALE U Age)
79 QdAtE o] dalM FyPh Yapol o]
targetell A =ol ] 2| (Transfer energy)”7t ¥ 9oy
A Eq ot o & 3%, F TzEs ¢ 3% recoil
o] dojdth Taget’} Si, Si0:%] Z$o Eq8 e
15eVE2 AAt@ch. ®% Boltzmann transport 3
& o] 8% RAMM ZT2a:g o]f3le moly

R e —
.

T T
——anneoled undoped 0-Si
E - -annealed P doped 0-Si ~
" -0 Tttt !
L . , E
o - .
S AN 3
- F E
- 1o'e
T \ E
i 3
.
[« -
I \y’u j
o N ’\i
101 T L -
“F " r,17 E
N ] o A R AT
20 c.2 04 0.6 0.8 1.C

Depthizem)

3 3. 1929 FEEZE DA gasolA 90T
A 20833 = dXF Fo) SIMS FEEE,

Fig. 3. SIMS profiles after furnace annealing of
P implantation undoped and P doped
amorphous Si layers at 900C with N
gas for 20 minutes.



H3 }& Monte Carlo program¢! TRIM.2ds}
TRIM.casc®] Ao M2 vl & 420 Er
it AFEH ZYAPEANME £ datad] A
2 Q) (statistic) EXZ FA37] 84 YA ol
9] JAFE 50000712 FE3HA A Asisi.

23 41. =3HA ¥ A4 o] =4& ]
AR AYEFAN U oFYF
SIMS-profilesZ #E moments A4t
Moments calculations from SIMS-
profiles of P implanted undoped and
doped amorphous Si layers.

Table 4.1.

sample [Rp(pm) |AR(pzm) Y B
undoped| o 7e | 00224 | 0405 | 36
a-Si
P d

. oped) o562 | 0.034 098 | 345
a-ol

E: 3 42. RAMM, TRIM.2D ¢} TRIM.CASCY
simulation Z3}9] ©] &,
Comparisions of simulation results
from RAMM, TRIM.2d, and TRIM.
casc.

Table 4.2.

R, AR, AR

odel
moce (#m) | (nm) 7 s (nm)

TRIM.
0.0534 21 | 006|261 | 187

2d

TRIM.casc| 0.0541 215 0.11 | 261 19.9
RAMM 0.0578 234 | 0.09 | 265 19.7

¥ 4294 ARLE o]0 ZHWEe Y Y&
(lateral straggling)E& YERT} Recoiling effects®]
AZE 8 41904 t&9 Hoz e At

r{recoiling effects]JE) =

[Ro(TRIM.casc)-Rp,(TRIM.2d)] / Rp(TRIM.2d)  (16)
714 re] e 001310]t} o] &L el 31, HE
#o] 28 amu.®} AFL Ztz 74 7] WFol eFghe)
Ay o] wRo) g Hxe <A recoiling
effects& YEFNSUT re) g2 targetd] mass ot
¥ FAE heavy ion ¥ A%l © A JYEEGE

23

ANAAREEH =EA Vol12, Nol, Jannvary 1999.

AFEH RAHEE F3lod ¢ F AU 2Y 4=
3R g A HdeEFd 98 oL Fg
# ¥ SIMS &3 datas}t o2 /1A AFH 2
de Z27E M2 vjmsty Udellidd. o] daz
HE B 420 A4Y RAEE AT ATFYY 5
ZEEE SIMS A% delee & dNTE Yeh
Rt 28Y FEEXY of mIY(tail) FEA
£ %Y #BAE YT B 4204 EFHA
S HAE M o] 2FYPH Fo AL
B Ry(0.0478 mm), & Rp(0.0224 im) @3 F /MY =
W E(moments) #& 7IXE 71¢A BX9 BYE
At SIMS Ans} wlmaiged, dAZ A
F dioleg F e Holu, JA FEEEQ
ol F-EoA 27kl ARE YehiuT. 2Pz
78 AR oF uAHA )W ol2FYd
A4E NMREA X EXY FHE Y=
b2 BX¥9 ®dol SIMS dHolE 9 UXFS #
L& F 7F Ak 2F 4eiME =4 EHA gL v
HA Sidl g9 o]&FYUF SIMS ¢ 24y 2
FE M2 HIZIHEG. A7A 448 EYE
(moments)& 7HA 2 ATFAT BEY sM¢A Y
7k SIMS dHelEet diAz A dxgPey,
TRIM.2d ¢ TRIM.cas® Hlo|EHE A v)&% ¥
=EE FYE Jelhieny, A'd¥(channeling)
ADE nejdlA] ¥7) wHio) FEEES olPny
A JtREA dejAle B¥XE el
RAMM™ TRIM(2d 9 casc.) 243 dlojE 9
atele & ZBL(Ziegler Biersack Littmark) A=}
74 2 & (electronic stopping power)S AMg3t9 oL},
A2 o2 ¥AXEY(nuclear stopping power)E A
£33 Q7] dEeltt 1Y 58 =9HA gL uHA
Sioll Q9] o]2FYPFE = g F SIMS ¢} =
IAY data® MZ ¥R AT olwo) dAe =

< &x7F 900ClA Nz gas 29712 2083
ottt 2@ 5dlAM JElhd ANY A9 FTEE
FUHY xRN BEXE= Ay dNe] vey
32 Fege] FERENM EXE odE yo:
HEo] 794 A% (excess point defects)®] J3ko
g AER FUtE 83U BXe st o
Ebdrh. 18 g4tk Ao g A3 B A
3FEL olA: pAHoR MR ¥ Aol
o wekA ofe kA9 ol2HQ EAE-L(T2d,
TC, RAMM, Gauss fitting data) #-£38t9 Hto
L}, SIMS 439 ZAe @ dA&A gn AFEE
B2 ofrle] REAA HAE VEUL o] 9
Friz ol E Qo HiAfE AHgE AN 5+
A7) WEolth. olzg Ao HFA FArd it
59 gho] 1x10%° cm® o)4ke] REo|M BAHA



+7¢ dg3t g
D=h[ D?+D7(n—’f)2] an

ghde] $E7F 1x10%° cm™®  o)3te] REdAM At
Ase G&3 2o

4714 nee FEIYNYY] FEE nE AAEE
g Ztzh Jehdc

ng

—no
D rap=D7i+( "Enie)x 18)
0.3 -
[l+exp( kT)]Dz

o714 h& F7l¢UAHenhancement factor) =A
h=1+[1+4/N)T® o $2ezs FHYY n:=
ALz AN EE ol N BELESE
g 9u@c. D% D, D, D & &7 @gezd
E<E oIy 439 FUAAFEHN, 02 F4, -=
shite] RAS} =& o]F RA3} +& stute A
3E 2+ vEl I Aok 4 (17), (18)elA JEMG
A MP ol REY HBUAFI FEERT HF
ARG o AadeE AL ¢ F£ 7 U a8x
gAA Die Arrhenius®) WANo g o&m 2
o] yehgt.

D; =Doexp(—%) (19)
4714 Dot HUREE Yolrbe AEFHGA 3
&® dFoly, Eat AR, 22 kT &
2440 AReEe] F€ 247 Uedo. od,

A9 2719 REo2 UHAR AL FAASsE
Hgsoets SIMS AY dlolEgs XS YE
Witk o] olfE FUY o] ANy A
AN tAA Aoz WA sy, &5
9 F7tst dE ARFYPA7I} AR Wi @
ARAYZNAN FidRgx F4u A2 Gas
=7 wE2A Hed, o] ojfe AAYEAVE we
A owE FadAde] dojutr) WEo)th 2y g
¥ oegex zHA LPCVDZ Zid ujgax
o A& ol2FUTE A LE AN dAaE
st} TEM, AFM, SIMSS9] o8] 22N 3
Hee dPPHoz AL dFs $ygw 2
Agzrle ©wE i Y3 E FYE 5 Uvn
Bl 1Y 6ol E Qo] =YER e AR ¢
o] =¥ AN o]&FYF A$E nmHxd
347x10° cm® Ax2 2T Hol7t YL L AL

447 AY2AN A9 £RH o] e Pl e A9

343, o] ¥ weog FAout diffusion)e] ¥
o|%t7] wWEe] Edsl7te]l GHolH FEEES A
28 # (distortional) ¥} & Yetdz glch

22
107 e

8 SIMS doto
—calculoled doto 4
—-12d dote
- 1C dala

RAMM dola
- ~Gauss filting dato

-3
om }
SN
. B

=
=

Concentration(
T

(e
=

0(.)‘ I (O.lm ‘ ‘0.2
Depth(um)

a8 4 =952 gL uAA Sid Q9 oj2Fq]
¥ SIMS ¢} simulation data ¢ B

Fig. 4. Comparisions between SIMS and simula-
tion data after P implantation into
undoped amorphous Si.

107 e
5
-+ =—SIMS dota
E - -T2d dato E
s ~ 1C dato 3
e A RAMM dota
T \\ — - Gauss fitting dote ]
E ) \\
0 2 N
T L W \ 1
0 sF K N
o .
o] \
T \ N
< 107 \ E
o Sk \ \\ 3
9 \
2| Vo ]
) 3 \ 7
10"%L \ ]
11 \‘ \ B!
PERPINTUUNY T S U T R
0.0 0.2 0.4 0.6 0.8

Depth(um})

38 5. =¥HA %L uAA Sid A9 ol2Fq
F x dHYFd SIMS ¢ simulation
data®} H]I.(9007C, Nz gas 24971, 20%)

Fig. 5. Comparisions between SIMS and simula-
tion data after furnace annealing of P
implantation into undoped amorphous
Si.(900C, N; gas atmosphere, 20 min.)



1022 e

sE — - P implonted undoped S -
P implonied P doped 51
~—After annealing of P implonted P doped Si

-3

= 1

S0 <
)

N e

c sL S 3

~

o 4 NN 4
= NN ]
0 \\ \

= / \ ———

- \

W 20

20 N E
c \ 3
')
O i ' ]

.

Wl | B ST B

R LR
0.00 0.05 010 015 0.20 028
Depth(um)

a3y 6. 919 o] 2FYF SIMS datast = EHe
3 sampleE9 A ¥ SIMS data B} L.
(900C, Nz gas 471, 20%)

Fig. 6. Comparisions of measured SIMS data
between P implanted and fumnace
annealed samples.(900C, N2 gas atmos-—
phere, 20 min.)

a9 79 (@t =994 @& WA Azl
A% oleFYT A% 2444 Qe FEEEE
YetWz gl (b <% 90T, Fa7lx £97)

(a)

ad 7. SYER @ A Jlge] Qo] o2
ZQ9 A$e GAdAy AAIFY
(900°C, 2083 FA7IAEH7]) 2x4¥3F
Q FEEXE BoHdYEH

Fig. 7. Simulation result of Phosphorus implanted
in undoped silicon and annealed samples.
(900°C, N gas atmosphere, 20 min.)

ANARA 283 =84 Vol12, No.l, Jannuary 1999,

oA 2087 AN F A9 FEEEE YT
ded, 28 () FHAM 01 m7r 4x10%
em™® o $E9 o] dXYFoE 2P XY F
ol 02 w7hA o o] FaEASS & & Atk

29 89 (a)e BHAA 01 w7 1x10% em™
9 Q9 FxE FEFHo gldrst ExgFde o
d (b)g Zol EHAAN 025 m7tA 1x10% cm™g
Qe Fx7t EXES S #&dF £t AU
03 m7tA 27x10%° cm™9 Q9 ¥ =7t UYEde
& T AApL.

T ok oot P

(b)

§.Meat 1
AR

a3 8. o] =YY AYE /el o] o]&F <
g A% gxgA@e AIHFb)Y
(900C, 2087 AA72E$7]) 2443
FEEY RAYASH

Fig. 8. Simulation result of Phosphorus implanted
in Phosphorus doped silicon and annealed
samples.(900C, N gas atmosphere, 20
min.)

5d &

A #e A AAANEL 620TolFe 2%
FA7&g HEsa oy, B =R A4
531C N TUE7F F& LPCVD Wyoz nHH
A2e FHee A =99 dFAEFE BEV
A 9g ol2FYsHrh 580TC oteieiA FF
® ouAF AdyE25e EWo] winzE wHI
620C ol4e] BL 2xEdA FE thEA A
2E& FAYY A7 2A7| QR AR EATF



033 42 2AN A9 =33 o] 2FYq

Z& JedE B =F4A4 AFM X & 539
gA9d F dsled, Qo] =B8R gL F9d =
Pg A9 EEAA7IY HAEF rms(root mean
square)E z}zt 7.17A, 6.65AE e oA
Qo] =RHA e ALVt =P AR W
o] AA717F 9 Ages AL Yehded, o] ofE
o] =38 A$) N gasE AMEEA7] HE]S
I Atadh Qo] HAgA HEgEF oJ2FUYHE
QwrH oz 7gg 719~ BEXE Uy B
AYellA Zag njAd delde 2PEY A7
2g28 AFMe] ZAANNAM = AdAM 4 A
9l 271§ Yel7] Q&4 ointz AAY =V
o] AAE W& A3 (channeling) E37F YE
odgtn ARH7] o o 71X o]&FHY
2 d(model)E 3 Fzte] HaLE e en, 29
6ol e o] =WHA &L AEY Qo] =3d
Ao ol&FYY A$E wmsud 347x10°
cm? AEE FYF(dose) Aol7t YEE A4
I 9le] o]2FeF ZHEY Aidd ;e A
o2 B 419 JERAR, A9 recoiling effect?]
A5(r) 001318 HFEH ZJHEE F3loq Alsl
Aok B AN A7 HeEe 3 AR A
o] wj&o] 219 recoiling effects?t <3tA YeEbte
o, A7]1H¢Y A 3 (electrical activation)E $ 3l
A B E=FdA 900TolA 20837 Aavtx 417
dAA dxezlgF SIMS A 2IHY AAES
2y 59 ME Haddgeyd AFEE 99 R
A ekre] A FEEES ol FEAM & H
A5 GelRATh o] olfE @A Tt v A
A gdREes WEA sHed, oldd AAY A
AE e Q9 #At 7)F(mechanism)7} ©}& 7+
BEgaA FHHR EP7) gEelch 1 ojfe &
= wety AFYe A7t 21 a2 ZFAE @
2 #Fasxx tzr] gojtt ¥ 73 89

microtec 22 AHPE 39 B =FoM Hgoz

29HY A9 FEEEE dH HIFS FE
$XE %A% $7b AU

2 nes

1. S. A. Campbell, “The
Engineering of Microelectronic Fabrication” ,
Oxford University Press, 1996

2. D. Widmann, H. Mader, H. Friedrich,
“Technologie hochintegrierter Schaltungen” ,
Springer, 1996

Science and

26

3. W. A. Bryant, “The Kinetics of the
Deposition of Silicon by Silane Pyrolysis at
Low Temperatures and Atmospheric Pressur
e” , Thin Solid Films, 60, 19, 1979

4. C. H. J. Van Den Brekel and L. J. M. Bollen,
“Low Pressure Deposition of Polycrystalline
Silicon from Silane” , ]J. Cryst. Growth, 54,
310, 1981

5. T. 1. Kamins, M. M. Mandurah, and K. C.
Saraswat, “Structure and Stability of Low
Pressure Chemically Vapor-Deposited Silicon
Films” , ]. Electrochem. Soc., 125, 927, 1978

6. T. I. Kamins, “Structure and properties of
LPCVD Silicon Films” , ]J. Electrochem. Soc.,
127, 686, 1980

7. M. M. Mandurah, K. C. Saraswat, and T. L
Kamins, “Phosphorus  Doping of Low
Pressure Chemically Vapor-Deposited Silicon
Films” , J. Electrochem. Soc., 126, 1019, 1979

8. M. M. Mandurah, K. C. Saraswat, C. R.
Helms, and T. L “Dopant
Segregation in Polycrystalline Silicon” , ]J.
Appl. Phys., 51, 5755, 1980

9. G. Yaron, “Characterization of Phosphorus
Implanted Low Pressure Chemical Vapor
Deposited Polycrystalline Silicon” , Solid State

Kamins,

Electron., 22, 1017, 1979

10. H. Ryssel, J. Lorenz, and W. Kriiger, “Ion
Implantation intonon-planar targets: Monte
Carlo Simulations and analytical models " ,
Nucl. Inst. Meth. B19/20, 45, 1987

11. J. P. Biersack and L. G. Haggmark, “A
Monte Carlo computer program for the

transport  of energetic ions in amorphous
Targets” , Nucl. Inst. Meth. Vol. 174, pp. 257,
1980
W. Eckstein, “Computer Simulation of Ion-
Solid Interactions” , Springer-Verlag, 1991
User's Guide ICECREM 1992, Fraunhofer
Arbeitsgruppe fir Integrierte Schaltungen
Artilleriestasse 12-14, 8520 Erlangen, Germany
14. M. S. Obrecht, “A new stable method for
linearization of

12.

13.

discretized basic
semiconductor equations” , Solid State
Electronics, Vol. 36 No. 4 pp.643-648, 1993



