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Microstructure of Polysilicon Prepared by Low Pressure Chenical Vapor
Deposition Using Silane and Disilane
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Abstract

The microstructure of polysilicon films deposited using silane and disilane as a
silicon source have been studied as a function of deposition temperature, The
deposition temperature was varied from 550 to 640C for silane and from 485 to 620T -
for disilane, respectively, Disilane is more reactive and its amorphous to crystalline
transition temperature is around 20°C higher than silane. The f{ilm deposited at the
transition temperature has an uneven surface with small(311) texture regardless of
silicon source, A dendritic grain growth with (111) twin boundaries from amorphous
state is observed during subsequent annealing at 900C. However. the film deposited In
polycrystalline state consists of a small grain with columnar structure and scems to be
almost unchanged upon annealing,
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for various applications as MOS gates,
1. Introduction interconnects,  resistors,  and emitter
contact, Other applications include ph-
Polyerystalline silicon (polysilicon) otovollaic conversion, thermal and mec-
films formed by low pressure  chemical hanical sensors, and thin {ilm {ransis-
vapor deposit ion (LPCVD) of silane (SiH,) tor (TFT) for large arca liquid crystal
are widely used in integrated circuits displays (1£Ds). The electrical resisti-
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vity of polysilicon is, in general, lar-

ger than that of single-crystal silicon

due to the exisltence of grain boundaries
The electrical performance of the poly-

silicon is strongly determined by its

microst ructure. which depends on depos-

ition parameters(1-4J. Electrical prop-

erties for as-deposited polycrystalline

or as—deposited amorphous silicon have

been investigated by a number of autho-

rs(5, 6). It was suggested that deposit-

ion temperature should be as low as po-

ssible to obtain high conductivity and

carrier mobility. Disilane (Si.H¢) has

been used as  an alternative to silane

for growing amorphous silicon and
situ doped silicon(7-9). In this paper
we present the effects of deposition
temperature on the microstructure of
the film deposited using silane and di-
silane as a silicon source,

in-

2. Experimental

Silicon dioxide (Si0,) layers of 1000 A
were formed by thermal oxidation at 900
C using a H./0, atmosphere on p-type
(100) wafers, Polysilicon films with a
thickness of 0.25 #m were deposited on
the oxide layers in a commercial induct-
ion heated hot wall horizontal and vert-
ical reactor for silane and disilane
respectively,  Undiluted silane gas was
supplied with flow rate of 150 sccm und-
er 0, 25Torr, while disilane gas of 280
sccm and N, gas of 1500scem were suppli-
ed under 0. 64Torr. The deposition tempe-
rature was varied from 550 to 640C for
disilane and from 485 to 620C for disi-
lane, respect ively, All the specimens were
annealed at 900C for 30min in nitrogen

The thickness of the LPCVD silicon la-
yvers was measured using an cllipsometer
The microstructure and surface morpholo-
gy of the films were analyzed using x-
ray diffraction patterns(XRD). and a sc-
arming electron microscope (SEM). To est-
imate the average grain size ol the fil-
ms, transmission electron microscopy (TEM
) was used, Thermal wave (TW)
T. I[EEME, Vol. 6, No_ 1, 1993

technique

Hog

was performed to evaluate a degree of
crystallization after annealing, TW sig-
nals of samples were measured with a
Therma-Probe Model 200 system

3. Result and Discussion

The growth rates for silane and disil-
ane as a function of reciprocal tempera-
ture are shown in Fig 1. The silane
growth is controlled by surface reaction
and has an apparent activation energy of

34 Keal/mol up to 640C. The disilane
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Fig 1 Arrhenius plot of deposition rates
for silane and disilane,

data show two growth regimes with diffe-
renl  activation energy above and below
540C. Disilane growth has an apparent
activation energy of 38 Kcal/mol at

low
temperature,  The growth rates oblained
by using disilane are faster than those

obtained with silanc at the low tempera-
ture. In
homogeneous  gas decomposit jon
which generates  a high concentrat ion of
highly reactive silylene (SiH,)  resulted
ina high growlh rate at low Lemperature,

case of disilane, a rapid

phase

450 (C)
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Fig. 2. SEM photographs of films deposited using silane(a, c, e, g) and disilane
(b,d. f,h) at 560C (a b), 580C (c, d)

Surface morphology of as—deposited
film as a function of deposition temper-

ature and silicon source is shown in Fig

2. In case of silane, the film deposited
at 560C (a) has a smooth surface and at
580C (c) has a large grains and at 600C
(e) has rugged surface and at 620C (g)
has rough surface, In case of disilane,
the film deposited at 560C (b) has a
smooth surface and at 580°C (d) has some

17

600C (e, f), and 620C (g h).

nuclei, which start to grow. The film
deposited at 600C (f) has large grains
and almost the same morphology as (c)
and at 620°C (h) has a typical polysilic-
on surface morphology, Comparing with
deposition rate and surface morphology
of the film deposited using silane and
disilane, it can be said that lowering
the deposition rate lowers the transiti-
on temperature, It is found that the

T. IEEME, Vol. 6, No. 1, 1993



Silane®} Disilaneg Alg-3ld =talel 7|4 ZHAHo B
A 2 del&9 vAF=

film deposited using silane has around

20°C lower transition temperature than

the film deposited using disilane, These
results suggest that the surface morpho-

logy is related to the deposition rate

and silicon atom migration rate at the
deposition temperature,

In order to examine the grain growth
during annealing, TEM works were taken,
Figure 3 shows cross-sectional TEM (X-
TEM) micrographs of 900°C annealed films
deposited at 504C for disilane, 560C
and 625C for silane, It is observed
that the film deposited at 625C (a)
consists of a columnar grain structure
and seems to be almost unchanged upon
annealing at 900°C. However, the annealed
film deposited at amorphous state(b, ¢)
has a large grain with(111)twin boundar- Lt
ies shown in selected area diffraction

(SAD)pattern, For disilane(c), the grain
size is much larger than film thickness,

Fig. 3. X-TEM photographs of Lhe films deposited using silane(a, b) and disilane(c)
at 625T (@), 560C (b) and 504C (c).

Figure 4 shows the plane TEM photogra- that the average grain sizes of the poly
phs of the amnealed films It is seen silicon films deposited at amorphous
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state are much larger than those of the
films deposited at polycrystalline state
after annealing, The grain size of Lhe
annealed f{ilm deposited at 625C is

approximately 200-300A. while as-deposi-
PR

axis, The major axis of each ellipse is
several times larger than minor axis,

Comparing with Fig 4-b) and c). it can be
said that the grain size increases with
decreasing the deposition temperature

19

ted amorphous films fol lowed
T ameal have

TRETHHER B 6% 1N 19934 1H

by the 900
elliptical grain growth

with many(111) twin boundaries, FEach
elliptical grain consists of many twin
boundaries along the major and minor

fig 4. Plane TEM photographs of the fi Ims
deposited using silane(a b) and
disilane(c) at 625C (a), 560C (b),
and 504C (c). The corresponding
selected area diffraction (SAD)
pattern is shown,

resulting from few nuclei density during
solid phase crystallization of amorphous
Si,

Crystal structures of the films were
analyzed using XRD, Three crystalline

T. IEEME, Vol. 6, No. 1. 1993
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componients (111), (110) and (311) were de-
tected for the sample deposited above
570°C for silane and 580C for disilane.
respectively, The microstructure and x-

ray texture are summarized in Table 1.

[t is observed that the (311) compone-
nt dominates for the films deposited in
the transition temperature, Comparing
XRD data with film morphology, the undo-
ped film deposited at the transition
temperature has a rugged surface with
small (311) texture regardless of the
silicon source, It is found that no app-
reciable difference in the surface
morphology and X-ray texture and TEM
structure between undoped films deposit-
ed using silane and disilane except for
the amorphous to crystalline transition
temperature,

In order to study the degree of cryst-
allization during annealing, TW signals
are measured and the results are shown
in Fig. 5, Thermal wave technique is used
in monitoring the Si device process such
as a damage and defect created by impla-
nation and dry-etching, It has been rep-
orted(10) that TW signal shows a high
sensitivity to grain boundary density of
polysilicon film It is observed that TW
signals of the films are much higher th-
an that observed from single crystalline
Si wafers(less than 100). For as~-deposi-
ted film the TW signal slightly increa-
ses with the deposition temperature up
to 560°C for silane and 580C for disii-
ane, respectively and then dramat ically
decreases with further increase in the
deposition temperature Comparing with
the surface morphology, XRD data and TW
signals of as-deposited film it can be
said that the amorphous to polysilicon
transition temperature is around 560C
for silane and 580C for disilane, resp-
cctively, The high transition temperature
of disilane is probably due to the high
growth rate shown in Fig 1. It is noted
that TW signal of annealed film decreas—
es with decreasing the deposition t empe-—
rature, This resull suggests that lower—
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Fig 5. Variation of TW signal as a func-
tion of deposition temperature

Table 1. TEM structure and X-ray texture
as a function of silicon source
and deposition temperature(T,).

Ts(C) Silane Disilane AW
l 560 |a-Si a-Si
570 |aSi/Poly  la-Si

580 |HSG (311) a-Si/Poly

590 |Columnar (311) [HSG (311) |

600 [Columnar (311) 'HSG (311)

| 620 |Columnar (110) |Columnar (110)

R R ——

|
o

a-Si : amorphous Silicon
HSG  : Hemispherical grained poly-
silicon

ing the deposition temperature is requi-
red Lo obtain highly ordered large grain
structure



ERETUHER B 6% 1% 1993F 1H

4. G, Harbeke, L, Krausbauer, E. F. Steigmeier,
A E. Widmer, H F. Kappert and G Neugeb-
auer, “Growth and physical Properties
of LPCVD Polycrystalline Silicon Fil-

J. Elect rochem, Soc. , 131 (1984) 675

5 M Hendriks, C Mavero, “Phosphorus
Doped Polysilicon for Double Poly
Structures”, J Electrochem, Soc,, 138
(1991) 1466

6. E G Lee and H B, Im "Effects of Micro-

structure and As Doping Concentrat ion

on the Electrical Properties of LPCVD

Polysilicon”, J. Electrochem Soc. 138

(1991) 3465

S, Nakayama, H, Yonezawa, and ] Murota,

“Deposition of Phosphorus Doped Sili-

con Films by Thermal Decomposition of

Disilane”, Jpn J. Appl, Phys,, 23, (1984)

1.493

8 W Ahmed and D B Meakin,  “Uniform
Deposition of instiu Doped Polysilicon
Films by Ultralow Pressure Chemical
Vapour Deposition”, Thin Solid Films,
148(1987)L63

9 . D Madsen and L. Weaver, “In Situ Dop-
ing of Silicon Films Prepared by Low
Pressure Chemical Vapor Deposition
Using Disilance and Phosphine”, J Ele-
ctrochem, Soc, 137 (1990) 2246

10, S, Hahn and W 1. Smith, “Characteriza-
tion of Polycrystalline Silicon Using
the Thermal Wave Technique”, JCVC Tech,
Dig, (1989) 563

4. Conclusion

Microstructure of polysilicon films
deposited using silane and disilane as a
silicon source have been studied as a
funct ion of deposition temperature, It is
observed that disilane is more reactive
and its amorphous to polycrystalline
transition temperature is around 20T
higher than silane, Undoped film deposi-
ted at the transition temperature has a
rugged surface with (311) texture regar-
dless of silicon source, It 1s found that
no apprectable difference in the surface
morphology and X-ray texture and TEM
st ructure between undoped {ilms deposit-
ed using silane and disilane, TW data
mmply that lowering the deposition Lemp-
erature is required to obtain highly
ordered structure, Distlane is suitable

~1

for St source gas to prepare  amorphous
Sioat  low deposition temperature with
high growth rate,
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