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Impurity Doping into single and Poly crystalline silicon
by a Large Area Ion Doping Technique

Akihisa YOSHIDA, Masatoshi KITAC'AWA, Kentaro SETSINn and Takashi HIRAO

Central Research Iaboratories,
Matsushita Electric Industrial Oo., Ltd.,
3-15, Yagunonakamachi, Moriguchi, Osaka 570, Japan

We have develo@ a low enerlfy broad (37ftrm6 ) ion beam doping
technigue wittrout ntass separation and beam scanning. phosphonrs or
boron ions were Jmplanted into single and poly crystaltine Si wit6 an
acceleration voltage of 1 .5kV. We confinr€d ttpt resistance r:niformityin five pieces of 3in.-Si wafers sinnrltaneously doped by thi;
technigue was +3.44 percerrt for boron and was t4.22 p"rcei.t for
phosphorus doping. Ttris technigue enables to fabricate large area
devices such as ttrin film transistors using a-Si and pory-si.

1 . I}ITROUJETION

It is of great importance to study and

develop deposition, phototyttrography,

etching and doping techniques wtrich enables
ttrese treatments honogeneously over large
area, in order to fabricate large area
devices such as switching THf arrays
( 25ftrm x 250nun) of liquid crystal

1\displays" , funage scanners, etc. In doping
technigue, Ltre ion implarrtation technigue
wittr rnErss separation has been widely applied
to dope impurities into silicon sr:bstrates.
However, ttris technigrre has a disadvantage
for doping over a large area. Several
r,qcrkers studied ttre ion implantation
technigue wittrout mass separation, using a
Dc alow discharge ion 

"o,o""2t 
3 ) 

,
F?eernan-tfpe j-on source wittr beam bend"r4 )

and micro wave ior, 
"our."S 

) . Ttre doping
areas of these studies were 2}qrt2 2l and
3in. -ru.f"r=3 ) . These doping technigues Erre

not applicable to fabricate such large a.rea

devices.
Vile have been studying ttre doping of

impurities into Si srlbstrates by a low
e;nerqr broad ion beam dopirrg6t7). rn ttris

A-7-4

technigtre, doping gases Erre disctrarged by
octernally c-coupled rf power and magrnetic

fields. Ions st"racted frqn discharged
gases are implanted into serniconductors
wittrout mass separation and beam scanning.
Recently we have developed an aptrnratus wittr
a 450nrn diameter discharge chamber. We

confirned a large area doping into silicon
strlcstrates using ttris technique. For the
application of ttre device fabrication, we

investigated ttre application to ttre poly-Si
1)IEI' ' process.

2. I,ARGE AREA ION DOPING APPARATT'S

Figure 1 shows a schernatic drawing of
a large ion doping aptrnratus. lltris
apparatus consists of a plasma chamber rnade

of glass (450nm diameter and 500nun height)
and a sample chamber. A pair of electrodes
( 150rmn x 400nrn) is attached to ttre outside
of ttre plasma chamber. Tlrese electrodes
supply rf ( 1 3.56MHz ) po\,\rer into the plasma

chamber by capacitance coupling. A

catrncitance between these electrodes is
calcurated to be 1.2pF. A rnagnetic coil is
set at the outside of ttre plasrna chamber to
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Fig.1. A schenratic drawing of a large area ion
doping apparatus.

supply an axial rnagnetic field. Gas is
disctrarged at a pressure of about

1 . 0-0. 5x1 O-3Ttorr. Ions dif frrsed frqn ttre

plasrna regi-on to an apertr:re ( 370rffn0 ) wittt
mesh 2 are accelerated by a potential
difference (Vi) between mesh 2 and a sample

stage (32&ffn0) in the sample chanber and are

radiated onto samples. A potential of the
plasrna between mesh 1 and mesh 2 Ls egual to
Vi. So sputtering of these electrodes does

not oceur. However, since hydrogen radj-cals

or j-ons frqn discharged dilution gas nny

react with these neshes, chern:ically stable
metal of pure gold was coated on these

meshes.

Figrure 2 shotvs V, dependence of ion
currerrt density (Ji) in account of secondarlz

electron em:lssion. We used hydrogen as

discharge gas. lltre discharge conditions
were as follor^7si H, flow rate was 120 sccmt

ttre input rf power was 70W, and ttrc rnaginetic

field intensity (B) at ttre center of the
plasrna chamber was 20 C'auss. The value of B

wiII be discussed in correlation wittr doping

r,rniformity. FYorn Fig. 2, the value of J, at
V., of 1 . 5 kV was 1 OuA/cxn2, and J. was seernedLr
to be satr:rated at above V. of 4.0 kV.

L

3. DOP]NG TJNIFORI'IITY

We measr:red the optical emission

spectra (oES) and spatial uniformity of
ernission intensity from discharged N, 9as at
four .points in ttre plasrna "t"*u"r8)l Ttre

emission intensity frqn disctnrged N2 gas

wittrout a nnginetic field is about 1 /4 that
of those with 30 Gauss. llltis result
suggests tkrat a rnagrnetic field of about

30 Gauss is effective to enhance the

discharge of gas, ttrough ttre rnagnetic field
intensity relating to an electron cyclotron

resonance at 13.56 MHz is 4.8 Gauss. We

confirnred tJtat ttre spatial r:niformity of
emission intensity was obtained to be

t5percent wittr 30 Gauss. As a rnagnetic

field intensity increases to 50 Gauss,

r:niformity of enrnision inLensity becornes to
be +75 percent. IYorn these resultsr we

selected rnagnetic fields to an intensity of
10-40 C'auss at ttre center of the rnagrnetic

coil, in order to dope imPurities

honrogeneously over a large area.

To chek doping r:niformity' five pieces

of 3 inch <1 00> Si wafer were set on the

sample stage and were doped wittt boron or
Table I bping co(dttions in this r€rk

doping Eas
infrt rf Fo€r
nagnetic field
j.on acceleratldl voltage

ion currejrt &Jrsity
substrate teipersture
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Fig.2. Accerelation voltage (Vr) dependence

ion cu:=ent density (Jr) at the sample stage.

ll0

0.5t B2H6 in H2 or '1.01 PH3 in llz
75-150 W

30 causs (aE tlle cenEet of plasna chanber)

1.5 kV

10 ue/on?

r6n tefiperature



Glass Bellrai
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Table rr Average sheet resistance (f;s) ard untformity {ot\}/f;r) of bor.on
or phosphorus implanted c-Sl.uafers annealed ln N, at 900'C for 30min. Ion
ltradlatlqt . tine tere 900sec for borqr ard 600sec for plrosphonrs. t{afers
r.rere set qr tlre satple stage as shcnrn ln F1g.3.

Saople Nurnber F"tOlrq) o(Rsl/ns(rt Sample Numbgr nS(:i/rqt o{Rrt/ns(r)

Total

Fig.3. A schematic drawing of cross sectional
view of ttre plasrna chamber and ttre sample stage.
Position and sample No. of each wafer are also
shotvn.

phosphorus as shov,n in Fig. 3. We used

n-tlpe Si wittr resistivity of B-1 00-cm for
boron doping (No. 1-Br2-8,3-Br 4-8,5-8), and

p-ttrye Si with resistj-vity of 5-8 CI cm for
phosphorus doping (No. 1-Pr 2-P,3-P, 4-P,5-p) .
lltre wafer, sample number No.3-B, 3-p, was

set at the center of ttre sample stage. Ions
containing dopants were irradiated unden ttre
conditions as sho\,\rrl in Table I. After ttre
inadiati-on of ions, wafers were annealed at
900'C for 30 minutes in NZ atnosphere.
Mter ttris annealing, simultaneously
implanted hydrogen atcrns were diffused

7lout' '. We neasured the sheet resistances
(Ro) of these dopsd wafers by an in line

D

four point probe. lltre nr:rnber of measurelnent

points per one wafer was fourty-five. Table
II shows the average sheet resistances (RS)

ard the standard deviations of sheet
resistances norrnalj-zed bv F,, (o(Rr)/RS) ).
We confirmed in one doping cycle tlat ttre Fs

of these wafers were 296.1 Q/sq and 43.89
f)/sg, and o(R,)/F.s were +3.44 percent and
+4.22 percent, for boron and phosphorus

doping, respectively.

4. DOPING CO\TIROI,L

Figure 4 and 5 show sheet resistances
and doping uniformity in one wafer of boron

No. 1 -P
No.2-P
No.3-P
No. l-P
No.5-P

295.7 3.t{ Total {3.89 4.22

Vi= 1.5kV
O.5% B.llu in H.

e-------o--c-y-oo

102 103

lrradiatlon Time (sec)

Fig.4. Sheet resistance as a function of ion
irradiation time for boron inplarrted c-Si annealed
in NZ at 900'C for 30mj-n. Doping gas $ras 0.5t
B'HU in H2, Y.was 1.5kV and J, was 10Un/<",,2.

No. I -B
No. 2-B
No. 3 -B
No. {-B
No.5-B

30{ .5
298.3
296.2
297 .1
287.3

2.31
3.20
2.17
3. a7

2.8E

43.12 3.60
42 .61 3. t6
.3.35 3.33
{r.59 3.81
45. ?8 2.23
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Fig.S. Sheet resistance as a function of ion
irradiation time for phosphorus implanted c-Si
annealed in N, at 900'C for 30min. Doping gas was.)
1.0*PH3 in H2r Vi was 1.5kV and J, was l0uA/crn'.
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and phosphoms implanted layers as a

fi:nction of ion irradiation tfure ( ti ) . llkre

values of ti were calcurated by ttre
norrnalization of irradiation tine in
o<perfunents to the iradiation time at J., of

)l_
1 Oue/cm'. We obtained that. doping

uniformity was x2-5 percent at each dose

Ievel and range of R, was about 300-1 2000/se

arrd 40-400C1 /sq, for boron and phosphoms

doping, respectively.
In case of t, of 1 178sec; ttre right

point in Fig.4, total boron dose was

calcurated to be 3. 1x1 01 
5 cill-2 by an

integration of SII,IS profileS ) . For tlre
device fabrication, we obtained applicable
value of R, at ttris dose level. Ho\rever,

the concentration of boron atcrns was gxt 021

qn-3 nea.r the surfacei 5nm in depttr, we

confinred no boron-boron bonding signal by

X-ray photoelectron spectroscopy ( )(PS )

analysis. We also confinred very few
phosphorus-phosphoms bonding signal frqn
phosphorus doped silicon wafer; the right
point j-n Fig. 5.

5. APPLICATIOhI TO POLY SILIM{ DOPING

We applied this technigue to poly-Si
doping. In fabrication of large area

1lpoly-Si THf ' ' , it is importarrt to lor,trer

process tenperature. So we measr:red RS

of implanted poly-Si films which were

annealed at several annealing tenperatr:res
(Tor). llLre poly-Si films of 300nm ttrickness
were deposited on SiO2/Si sr:bstrates by low
pressure chern'ical vapour deposition at
6'1 0'C. Fig. 6 shows T"r, dependences of
sheet resistance. R, of boron doped films
decreased rnonotonuously wittr Tan. On ttre
other hand, R, of phosphorus dofd films
decreased critically at 700-800'C. We

obtained ttre same results frqn poly-Si films
?\

on quarLz' '. The values of R, were 2.36k0/sg
for boron doping and 3.58kfl/sq for
phosphorus doping at Tr' of 800'C.

o.5% B2H6

Anneallng Temperature ("C)

Fig.6. Sheet resistance as a firnctj-on of
annealing temperature for phosphonrs or boron
implanted poly-Si annealed in N, for 30min. Ion
irzadiation tinre were 900sec for boron and

300sec for phosphonrs.

6. ST,JMMARY

the ion curent density was 10rg/cnr2

and ttre doping r:niformity into five silicon
wafers was +3.44 percent for boron and +4.2

percent for phosphonrs 1 .SkV-ion doping

using ttre large area doping aptrnratus. We

thjink ttris technique is applicable to
fabrications of large Errea devices such as

poly-Si TFT arrays.
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