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Study on Synchro-Epitaxy of Poly—and Single Crystal Silicon
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Abstract: Synchro-epitaxy is introduced and a fwo periods epitaxy” process is proposed. The influence of the flows
of SiH4 N1, N2, deposition time t1.¢2, and epitaxial temperature T on epilayer quality (embodied by o) is reported.
The shorter initial inducing time t1 and larger flows of SiHs are, the wider single crystal strips are. But the quality of
epilayer may be poor. The optimum conditions are: N1= 13. 1~ 17. 5scem, N2= 7.0~ 7. 88scem, and £1= 30~ 50s.

The influence of temperature is complex: when T is lower than 980°C, single crystal strips increase with T :when T

is higher than 980°C. single crystal strips decrease with T.It reaches maximum near 980°C.
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1 Introduction

As one of the basic processes for semiconduc—
tor manufacturing, silicon deposition has attracted
great attention all the time. In recent years, the re—

searches are focused on the fabrication of SOI'"?,

strained Si/SiGe HBT material ™", poly-silicon'™*
on different substrates by various ways. These
works involve crystal silicon epitaxy, poly-silicon
epitaxy or selective epitaxy'"*". However synchro-
epitaxy is seldom mentioned.

Synchro-epitaxy is the process that the poly-
silicon layer ( deposited on Si0O:) and the single
crystal layer (deposited on crystal silicon) are syn-
chro—grown by low reaction temperature chemical
vapor deposition (CVD) using silane ( SiH4). For
this kind of epitaxy, the width and depth of the sin-
gle crystal layer is decisive to the device’s perfor—
mance. They will determine the device’s current,
source-gate breakdown voltage and transconduc-

tance ete. In addition, the connected quality of sin—
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gle crystal layer with the poly-silicon layer is also
essential. It plays the same role for the device.

That’s the sticking point for the synchro-epitaxy.

2  Process control and the epitaxial
quality parameter &

A horizontal double-decker water—cooling
quartz tube has been used as a reactor. The carrier
gas is H2. The source temperature is fixed at 21°C,
the pressure at 9. 43X 10'Pa.

Before epitaxy, a silicon dioxide grid was
formed on the substrate. Its width and space (the
initial width of the single crystal strip) are 4.7~
4.9um and 2. 1~ 2. 3um, respectively; its thickness
is about 1. 2um (see Fig. 1).

To ensure poly-silicon layer and single erystal
layer be synchro—grown, two periods epitaxy is in-
troduced. It includes the initial inducing period and
regular growth period.

During the initial inducing period, the flow

rate of the silane (marked as N1) is higher. This
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Fig. 1 Dielectric covered gates structure

may lead to better nucleation and growth on the
oxide. When the poly-silicon nuclei on Si0:2 are sat—
urated and permeated, the flow rate of the silane is
reduced to regular value (marked as N2). The epi-
taxy enters into the second stage growth.

Figure 2 gives the SEMs of the epilayer with
vertical incident light (a) and with inclined inci-
dent light (b). These show that stripes on the SiO:
are poly-silicon layer and those between the SiO2

are single crystal.

Fig. 2

stripes grown by the synchro-epitaxy

SEM of the poly silicon and single crystal
(a) SEM with
vertical incident light, wide stripes are poly-silicon,
narrow single erystal; (b) SEM with inclined incident

light, dark stripes are poly-silicon, light single cyrstal

To feature the quality of epitaxy quantifica—
tionally, a parameter o is introduced. It is defined

as:

o

1’
J (1
where [" is the final width of single crystal silicon
strip after epitaxy, and [ is the initial width (see

Fig. 1) before epitaxy.

3 Experiment results and analysis

For different options of process, the epitaxial
results vary greatly. There are three kinds of typi-
cal results:

(1) o> 1, the finial width of the single crystal
strip is larger than initial value and is ill connected
with poly-silicon layer. In some extension, single
crystal silicon is deposited along the side of Si0O2. In
this case, the source—gate breakdown voltage is
low.

(2) a< 1, transversal straggling of poly-silicon
is so serious and the width of the single crystal
strip is so narrow that the current feature of the
device is poor. It’s unfavorable for the materializa-
tion of designed purpose.

(3) o is about 0. 6~ 0.9, the single crystal lay-
er is well connected with the poly-silicon layer and
the poly-silicon is compactly deposited on the top
of and the side of Si02. M eanw hile, the crystal strip
is wide enough and the property of the device is op-
timum.

There are many process parameters that will
influence o T hey are: initial inducing time ¢1, silane
flow rates (N1 and N2), the thickness of epitaxial
layer (determined by N2 and regular growth time
t2) , epitaxial temperature T etc. They will be dis—

cussed separately.
3.1 Influence of initial inducing time #1 on «

When the epitaxial temperature T, the flow
rates of silane N1, N2, and the regular growth time
t2 are determined, the relationship of o and initial
inducing time 1 is figured in Fig. 3. It shows that:

(1) If t1is less than 25s, then o is larger than
1. Meanwhile, the poly=silicon layer is imperfect
and some big grains of poly-silicon are formed. T he
single crystal stripes are formed along the side of
Si0O2 and sometimes are separated from the poly-
silicon. T he joints of the crystal strips and poly-sil-
icon strips are bad. This may result in large leaky

current and low breakdown voltage of device.
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(2) When 30s <1 =<60s, « is in the range of
0.6~ 0.9, the poly-silicon is compactly deposited
on the top and the side of SiO2. Meanwhile poly—
silicon strip is properly marching with the crystal
strip. T his is just what we want.

(3) If t1is longer than 60s, the single crystal
strip is also well connected with the poly-silicon
strip, but its width decreases greatly. The current
will be low and cant fit the demand of high power
device. On all accounts, the initial inducing time
should be limited in the range of 30~ 50s for the

given condition.
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Fig. 3 Relationship between o and ¢

3.2 Influence of the silane flow rate on o

When epitaxial temperature T and initial in-
ducing time #1 are determined, the relationship of
silane flow rate (N1 and N2) and o is shown in
Fig. 4. In addition, to keep the thickness of epitaxi-
al layer approximately the same, t2 changes with
N2, If the initial inducing time £ and initial indue—
ing flow rate N1 are suitable, « will be less than 1
and the interface of poly-silicon strip and single
crystal strip integrates well. Under this precondi-
tion, the more silane flow rates (both N1 and N2)
are, the less o will be. T o make the poly-silicon nu-
cleated easily and saturated quickly and ensure the
poly-silicon layer and the single crystal layer syn—

chro—grown, it is necessary for the high silane flow

rate during initial inducing period. And to get large
o, the silane flow rate should be dropped during
regular growth period. The optimum flow rates

are: Ni= 13. 1~ 17. Sseem, N2= 7.0~ 7. 88scem.
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Fig.4 Relationship between o and the flux of SiH4

3.3 Influence of regular growth time ¢z on «

Fixing t1, N1, N2,and T, the influence of regu-
lar growth time on o is shown in Fig. 5.1t is very
clear that there exits a flexed point of the curve,
and the curve is divided into three parts:

(1) If t2 is less than 5min, o is larger and tends
to 1 as ¢2 tends to 0. During this period, ® changes
gently with t2—increasing 2 from 3min to Smin, «
changes from 0.94 to 0. 8, the variation velocity is
0. 07/min.

(2) Thereafter, o decreases sharply with 2—
increasing 2 from 5min to 6min, & decreases from
0.8 to 0. 38, and the reduction is 0. 32 within Imin.

(3) From here on, o falls slowly again—in-

creasing {2 from 6min to 10min, the decreases of ais
only 0.08 (from 0. 38 to 0. 30), the reducing veloci-
ty is 0. 02/min.

At the beginning of regular growth, the ledge
of Si02 whose surface is deposited by poly-silicon
provides conglutination atoms that accelerate sili-
con deposit ion on single crystal. So the deposition
rate on single crystal is faster than that on poly-sil-
icon and transversal growth of poly-silicon is slow.
As the deposition goes on, the sidestep height of
Si0:2 is reduced (see Fig. 6). When the height drops
low enough, the depositing rate of single crystal

slows down but the poly-silicon depositing rate
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Fig. 5 Relationship between o and t2

near the corner speeds up, and « reduces sharply.
When the step fills up. the transversal extending
tends to stop, the width of single crystal strip
fixed.

Poly-Si

Si0,

Fig. 6 Sketch of poly-Si transversal straggling
3.4 Influence of epitaxial temperature on «

The temperature is an important parameter for
CVD. The relationship of 7 and « is shown in
Fig. 7. When T is lower than 980°C. « increases
with T and reaches maximum near 980C. And
then ot decreases as T goes up. This variation lies in
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Fig. 7 Relationship between o and T

different control mechanism of deposition speed.
For the benefit of wider single crystal strip, the op-

timum temperature should be controlled within 980

s | O

4 Conclusion

Synchro-epitaxy is a complicated technics.
T here are many factors that will influence the qual-
ity of epitaxial layer, such as flow rate of SiHa(in-
cluding N1 and N:2). growth time of each period.
epitaxial temperature and so on. All these factors
are correlative with each other. The optimum epi-
taxial result can only be obtained by adjusting all
the parameters synthetically. As for our device
structure, the optimum epitaxial conditions are:

(1) Flow rate of SiHa: N1= 13. 1~ 17. 5scem,
N2= 7.0~ 7. 88scem;

(2) Growth time: ti= 30~ 50s, 12=300s;

(3) Epitaxial temperature: T= 980£5C.

The performances of the device fabricated by
using these process parameters are discussed in an-

other paper'”.
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