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Growth Rate of a- Si: H Film Influenced by Magnetic
Field Gradient in MWECR CVD Plasma System'
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Abstract: The magnetic field profiles, which are produced by three ways in the deposition chamber and plasma chamber of single
coil divergent field MWECR CVD system, are investigated. The magnetic field gradient of these magnetic field profiles is obtained
quantitatively by using Lorentz fit. The results indicate that the gradient value of the magnetic field profile near by the substrate,
which is produced by a coil current with 137.7A if a SmCo permanent magnet is equipped under the substrate holder, is the
largest; when the SmCo permanent magnet is taken away, the larger one is produced by the coil current with 137. 7A and the small-
est one produced by a coil current with 115. 2A. High deposition rate of & Sit H film is observed near by the substrate with high
magnetic field gradient. But uneven deposition rate along the radius of the sample holder is also found by infrared analysis technolo

gy when sample is deposited in magnetic field profile, which is produced by the coil current with 137. 7A if the SmCo permanent

magnet is equipped under the substrate holder.
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1 Introduction

Researchers were greatly interested in microwave
electronic circle resonance chemistry vapor deposition
(MWECR CVD) in recent years because of its high elec-
tronic density (107~ 10®em™?) with low gas pressure
(0.1~ 1Pa). So, MWECR CVD system was improved
rapidly! 1, According to its function and fabrication re-
quirement, various ECR reactors with different levels of
complexity have been made. In the research, MWECR
CVD system was equipped with a single electromagnetic

coil to produce divergent magnetic field with advantages of
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simple construction and lower cost. Meanwhile, the ECR
generation site of the system was easy to control. Howev-
er, the ion current density, the electronic temperature, and
the potential of plasma strongly depend on the magnetic
field grudientlzl. It was reported' I that plasma has higher
electronic temperature and lower plasma density in a flat
magnetic field profiles. This is unfavorable to the hydro-
genated amorphous silicon (aSi: H) film growth. Since
until now no quantitative calculation of the magnetic field
gradient has been reported, investigating magnetic field
gradient quantitatively is of importance to the deposition of
a Si: H films. The magnetic field gradients of three differ-

ent magnetic field profiles in the plasma chamber and de-
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position chamber have been investigated. The first one was
produced by using electromagnetic coil current with
115. 2A( the magnetic field profile of type 1 ), the second
with /= 137. 7A( the magnetic field profile of type 1),
and the third with 137. 7A when a SmCo permanent mag-
net was equipped under the substrate( the magnetic field
profile of type II). By the means of Lorentz fit, the quan-
titative magnetic field gradient as well as its effect on a Si
. H film deposition rate were investigated. Uneven deposi-
tion rate along the radius of the sample holder was also in-
vestigated by infrared analysis technology when sample

was deposited in magnetic field profile of type IIL

2 Experiment

2.1 Three kinds of magnetic field profiles

The schematic of divergent field MWECR CVD sys-
tem with single coil is shown in Fig. 1. The coil was fixed
around the plasma chamber. Different coil current pro-

duced different magnetic strength and profiles in the plas-
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To pump
Fig. 1 Schematic of MWECR CVD system

ma chamber and deposition chamber. In room tempera
ture, the magnetic strength in the plasma chamber and de-
position chamber was measured by the model TSL-3 Tesla
meter, which can measure the axis direction and crosswise
direction magnetic field by exchanging the probe!?. As
shown in Fig. 1, the SmCo permanent magnet under the
substrate holder was equipped in our experiment in order

to modify the magnetic field distribution only in the depo-

sition chamber. In this condition, the magnetic field profile
of type Il shown in Fig. 2 has been obtained at the given
I'= 137. 7A. When the SmCo permanent magnet was taken
away from the substrate holder below, the magnetic field
profiles of type 1 and Il as shown in Fig. 2 have been

obtained at the given /= 137.7A and /= 115.2A, re

spectively.
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Fig.2 Lorentz fit of magnetic field profiles( the parameters

was shown in Table 2)  Curve a:type | magnetic field

profile and its Lorentz fit; Curve b: type [l magnetic field
profile and its Lorentz fit; Curve c: type Il magnetic field

profile and its Lorentz fit

The SmCo permanent magnet was processed into a cylin-
der with 6em diameter and 3em high by conventional pow-
der metallurgy process method. The magnetic field was
measured by DC-flux-integrator at 298K and 423K. Tenr
perature property of remaining magnetization of SmCo per-

manent magnet is shown in Table 1.

Table 1 Temperature property of remaining magnetization of
SmCo permanent magnet
Temperature 298K 423K 208~ 423K
Temperature property of remaining B/ T BT | a/( %K ")
Magnetizat ion 0.016 | 0.015 - 0.050

Br indicates remaining magnetization; the a is a temperature coefficient of

remaining magnetizalion,

2.2 Fabrication and measurement of a Sit H Films

In our experiment, first, substrates ( glass, Si wafer)
were rinsed and soaked by eluent in order to remove the

metal ions. Then, the oil of the substrates was eliminated
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by toluene, acetone, and ethanol, and they were soaked in
the absolute ethanol to keep in reserve. Finally, they were
picked out from the absolute ethanol, dried, and laid on
the substrate holder before experiment. The substrates
were treated by Hz plasma for Smin before deposition. Ce-
ramic DC heating furnace capable of controlling the temr
perature precisely was used to heat the substrates. For
thickness measurements, the films were prepared on the
glass. Thickness of «Si: H were measured by Surf-
Com408A Surface Profile Apparatus. For infrared-trans-
mission spectroscopy measurements, the films were pre
pared on botlrside of polished Si wafer and measured by

Xiarr Chinetek FTIR 1020 Fourier spectrometers.

3  Results

3.1 Magnetic field profile and magnetic field gradi-

ent

Figure 2 shows three types of magnetic field profiles
through the central axis (z= 0) of both the plasma chamr
ber and deposition chamber. The magnetic field profiles of
type I and type 1 are similar, but their peak sites are
different. The former has a peak value in site of 7. 3em;
the latter is in site of 7. 7em. Figure 2 also indicates that
the ECR position (0.0875T) is 16.5em for the former
and 18cm for the latter. It is clear that the ECR position
approaches the microwave window as coil current decreas-
es. The type Il begins to present difference in a range
from 22. 8em to the substrate comparing with the type 11,
and this difference maximizes near by the substrate ( the
distance from microwave to window is 35em) . The Lorentz
fit and the magnetic field gradients of three kinds of mag-
netic field profiles are as follows.

3.1. 1 Magnetic field profile of type | and its

Lorentz fit curve
Magnetic field gradient was obtained by Lorentz fit

with Origin6. 1. Curve @ in Fig. 2 shows the magnetic

field profile of the type [ and its Lorentz fit curve. Based

on the fit curve formula,

Y= Yo+

T 4= xo)?t W

W

(1)

where y¢ is a baseline offset; A is the total area under the

curve from the baseline; x .. is the center of the peak; W is

the full with of the peak at half high. The values of fit pa

rameters are shown in Table 2.

Table 2 Values of parameters of Lorentz fit in three kinds of

magnetic field profiles

Magnetic field

Fit parameters

profiles Yo Xe w A
Type 1 [ 7.3 20.0 54584. 8
Type 11 | - 86.4 7.5 | 20.0 64438. 1
xa= 1.5, W= 21,0, A= 71716, 2,
Type 111 - 219
xo= 34.0 | W= 10.0 As= 4546.0

Relation of magnetic field strength and distance from
microwave window to substrate was obtained:

695347.7

v =- 77 ,, 2
YES T 13240 (Y

From Eq. (2), the magnetic field gradient was given:
dy _ 5562782(x — 7.3) (3)

dv ~ " [4(x - 7.3)%+ 400]°
Magnetic field profile of type Il and its

Lorentz fit curve

312

In the same way, curve b in Fig. 2 shows the mag
netic field profile of type Il and its Lorentz fit curve.
Based on Table 2, relation of magnetic field strength and
distance from microwave window to substrate was ob-

tained:

820866
V== 3 4 2 4
Y=ot 15 a0 (Y
From Eq. (4), the magnetic field gradient was given:
dy 6566930(x = 7.5) (5)

dx © [4(x - 7.5)%+ 400]°
3.1.3 Magnetic field profile of type Il and its dou
ble peaks Lorentz fit curve
Curve ¢ in Fig. 2 shows the magnetic field profile of
type Illand its Lorentz fit curve with double peaks. Based
on the fit curve formula:
i X W 2 2+
I d(x — xa) "+ Wi

Y= yo+
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where A |, A> are the total area of the first and second & .: A type
= i -
peak under the curve from the baseline, respectively; x .| 3 30 -
= H a
is the center of the first peak; x (2 is the center of the sec- ‘E’ or Ao
] ".ll.'l'
ond peak; W is the full with of the first peak at half max- E -50} . o
)
imum; W5 is the full with of the second peak at half maxi 8 _1ol i _.:1‘
4" 8
mum. g" Wy
_ o = _150f
Based on Table 2, relation of magnetic field strength T U S S
-5 0 5 10 15 20 25 30 35 40
and distance from microwave window to substrate was ob- Distance from microwave windows to substrate/cm
tained as
Fig. 3 Distribution of magnetic field gradient
=~ 2194 059258 +
J 4(x - 7.5)%+ 441
Table 3 Magnetic field gradient of three kinds of magnetic
2895,5 (7) field profiles through the central axis (z= 0) of both plasma
4(x - 34)°+ 100 ..
chamber and deposition chamber
The magnetic field graclient was given: Magnetic field gradient of three kinds of
d;i _ 7674064{ x — 7.5) Position/ em magnetic field profiles/ ( 10™ Tean” I)
dx - !4(_.” - 7. 5)2+ 44]]3 B Type 1 Type 1 Type 111
16 - 105.5 - 126.9 - 127.9
231643-“,”2_ 34) 5 (8) 18 - 89.5 ~107.7 - 110.8
[4(x = 34)7+ 100/ 35 - 12.8 - 15.4 - 38.9
Based on Egs. (3), (5), and ( 8), the gradient of three 29 - 1.05
33 - 0.09

types of magnetic field profiles were shown in Fig. 3.

The sites of 16.5, 18 ( where are the place of
0. 0875T of magnetic field profile of type 1 and type II
respectively) , and 35em ( where is a place of the sub-
strate) , and the gradient of three types of magnetic field

profiles are concluded in Table 3.

In Fig. 3, it also indicates that there are two sites of
29¢m and 33em where the gradients of magnetic field pro-
file of type Il have small values shown in Table 3. Table
4 shows the distribution of magnetic field gradient along
the axis and magnetic field strength along the crosswise

near by the sample holder from radius.

Table 4  Distribution of magnetic field gradient along the axis direction and magnetic field strength along the crosswise near by the

sample holder from radius

Magnetic field profiles

Radius of the sample

holder/ em

Magnetic field gradient along the axis direction

in three kinds of magnetic field profiles

Magnetic field strength along the crosswise direction

in three kinds of magnetic field profiles

F(107 *Teem™ ) 110741
Type 1 Type 11 Type 1T Type 1 Type 11 Type 1
0 - 12.8 - 15.4 - 38.9 140 160 286
1 - 12.6 - 15.5 - 37.1 130 150 303
2 - 12.0 - 14.2 - 15.0 120 150 303
3 - 11.8 - 14.0 110 150 300
+ - 11,1 - 13.4 - 16.6 110 140 290
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3.2 Deposition rate of a Si: H film

Figure 4 presents the results of deposition rate of a
Si: H films in three types of magnetic field profiles. Depo-
sition conditions of films were given in Table 5. The sub-
strate temperature was set in 54, 100, 140, 170, and
210 C successively. As shown in Fig. 4, the deposition
rate generally trends to decrease as the temperature in-
creases. Under the condition of magnetic field profile of
type III, the deposition rate of aSi: H film is the largest.
The larger one and the smallest one are of type II and

type I , respectively.
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Fig. 4 Deposition rate versus temperature
Table 5 Deposition condition
Power 240W
SiHy/ Haf ratio of mass) 20%
Total flux of gas source | 20scem
Back pressure | 0. 4Pa
Reaction pressure | 1Pa
Distance from microwave window to substrate | 35m

4 Discussion

4.1 Reason of magnetic field gradient influencing
deposition rate of a Si: H film

The reason that the growth rate of a-Si: H films is
different in different magnetic field profiles is as follows.
The plasma introduced from ECR zone drifts down along z
axis, which is the direction of the magnetic field gradient
decrease. The drift rate V. can be expressed by the formu-

lal ¥

Ko yg 1 0B
(")

B 9B. i 2 o
V. = KoY~ (az ()77 (9)

where the K . is electron mobility, (aa;)r is z axis mag
netic field gradient, £ is Bolzman constant, T, is electron
temperature, m. is electron mass, r and z the sites of co
ordinate. Based on Eq. (9), under the same condition,
near by the substrate, the larger of the magnetic field gra-
dient value is, the larger of the drift rate V, is. In Table 3,
near by the substrate (the distance from microwave win-
dow to the substrate is 35¢m) , the gradient of the magnet-
ic field profile of type Il is the largest. So its plasma drift
rate and plasma density in the deposition chamber are
both the largest. The larger and the smallest v, and their
plasma density in the deposition chamber are in the condi-
tion of the magnetic field profile of type Il and type 1 ,
respectively. We assume that the larger of v, and plasma
density in the deposition chamber are, the higher of the
flux of SiHj3 radicals per surface site is. In MGP model ! ,
SiH3 is assumed to the only growth precursor. Therefore,
direct abstraction of surface H probability p 4, is high. The
relation of the direct abstraction of surface H probability
P abs direct sticking of surface dangling-bond probability
ps» and fractional dangling-bond coverage 0y, is expressed
as
1

nllh - ] + P»/P.-ll.

(10)

Based on the Eq. (10), if p. is an invariable value, the
higher of the direct abstraction of surface H probability
pab is, and the larger of the fractional dangling-bond cov-
erage Oy, is. This is benefit for the film growth. It is the
reason that the deposition rate is high under the condition

of high magnetic field gradient found in our experiment.
4.2 Relation of deposition rate to temperature

The relation of deposition rate to temperature is
shown in Fig. 4. The dots of A, B, and C in Fig. 4 are as-
sumed errors of different samples in the experiment. Thus
the deposition rate generally trend to decrease monotoni-
cally as the temperature increases. This result agrees with
Kobayashi'® . The reasons of the errors will be investigated
in our further work.

In Fig. 4, it was found that the growth rate deposited
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in the magnetic field profile of type Il is close to that of
type Il at the temperature above 180 C. Based on the re-
sults of Table 1, we consider that this phenomenon is re-
sulted from demagnetization of the SmCo permanent mag-

net.
4.3 Unevenness of deposition rate

As shown in Table 4, the unevenness of crosswise di-
rection magnetic field is unobvious in three magnetic field
profiles, but that property of z axis direction is notable a
long the radius of the sample holder in the magnetic field

profile of type IIL Based on the discussion from section

the most obvious, which will result in the unevenness of
thickness and microstructure of sample. In order to prove
this, the samples of & Si: H films deposited in the magnel-
ic field profiles of type 1 and type Il at 54 'C and 140 C
were investigated by the infrared absorption spectra tech-
nology! " ® . In Fig. 5, we can see that the spectra of sanr
ple of aSi: H films deposited in magnetic field profile of
type Il show broader peaks obviously than that of type 11
at the same temperature. Langford et al.'” considered
that these broader peaks imply that the amorphous network
is more disordered and its microvoid density of internal

surface increases. This result agrees with our assumption

4. 1, we assumed that its unevenness of deposition rate is of above.
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Absorption spectra of a Sit H films deposition in magnetic field of type III ( solid lines) and type II ( dashed lines) in the wag-

Spectra are shown in pairs to compare uneven features for sample with tem-

perature in magnetic field profile of type III and type II. From bottom to top, the temperature is 54 'C and 140 C.

5 Conclusion

The magnetic field profile in the deposition chamber
and plasma chamber of single coil divergent field MWECR
CVD system was modified by different coil current or by
equipping the SmCo permanent magnet under the substrate

holder. It was found that ECR zone moves up to the mi

crowave window as coil current decreases. The gradients of

these magnetic field profiles were obtained by using

Lorentz fit, in which near by the substrate type III is the

largest, type Il is second, and type 1 is the smallest. It
was also found that the effect of the magnetic field gradi-
ent on deposition rate of aSi: H film is very obvious. The
larger the magnetic field gradient value is, the higher of
the growth rate is. Meanwhile, the unevenness of deposi-
tion rate of sample deposited in the magnetic field profile
of type III investigated by the infrared absorption spectra
technology is the most obvious, which is unfavorable to the

aSi: H films uniform. To overcome this problem is our

work in the future.
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