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(57) ABSTRACT 
A method of forming silicon dioxide films using plasma 
enhanced chemical vapor deposition (PECVD) uses tetra 
ethyl orthosilicate (TEOS), oxygen or a source of oxygen, 
and hydrogen as precursors. The method can be carried out at 
low temperatures in a range of 125 to 175°C. which is useful 
for manufacturing wafers with through silicon Vias. 
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Electrical Characteristics - Leakage 
Process A, NO H2 in Deposition + H2 Plasma 
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Figure 2a 

Electrical Characteristics - Leakage 
Process B,H2 Included in Deposition + H2 Plasma 
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Figure 2b 
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Electrical Characteristics - Leakage 
Process B, H2 in Deposition + No H2 Plasma 
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Figure 2c 
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Electrical Characteristics 
300mm ShOWerhead - 
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Figure 3a 

Electrical CharacteristicS 
300mm ShoWerhead- NO H2 
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Figure 3b 
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US 9, 165,762 B2 
1. 

METHOD OF DEPOSITING SILICONE 
DOXDE FILMS 

The invention relates to a method of depositing silicon 
dioxide films using plasma enhanced chemical vapour depo 
sition (PECVD) and more particularly using tetraethyl ortho 
silicate (TEOS). 

Deposition of silicon dioxide from tetraethyl orthosilicate 
and oxygen is known. However, when the deposition tem 
perature is 300° C. or below, the resulting silicon dioxide 
layer is susceptible to moisture reabsorption. This leads to a 
degradation of leakage current and isolation properties over 
time. 

With the increase in demand for through silicon Vias 
(TSVs) in silicon wafers comes the need to lower the depo 
sition temperature. There are a number of potential integra 
tion schemes that can be used with through silicon Vias 
(TSVs), some of which require the use of non-permanent 
bonding of the silicon wafer to a carrier wafer. The bonding 
adhesive will limit the temperature at which silicon dioxide is 
deposited as the bonding material can be degraded at tem 
peratures currently used for depositing silicon dioxide. 

European Patent Application No. 1027513 1.0 describes 
performing a hydrogen plasma treatment on the deposited 
film to reform the Si-H bonds on the surface of the film. This 
is carried out at 200°C. or below. However, lower deposition 
and plasma treatment temperatures are required to manufac 
ture wafers with TSVs. 

Therefore there is a need to provide a method of silicon 
oxide deposition at a lower temperature than previously per 
formed and which overcomes the associated problems of 
moisture reabsorption. 
The present invention provides a method of depositing a 

silicon dioxide film using PECVD in a chamber including 
Supplying TEOS, oxygen, or a source thereof and hydrogenas 
precursors. 
The incorporation of hydrogen as an active gas in the 

deposition cycle results in significant improvements in silicon 
dioxide film properties when compared to deposition cycles 
which do not include hydrogen. 

The invention may be carried out at any Suitable tempera 
ture, even at high temperatures. In an embodiment, the tem 
perature of the chamber is between 100° C. and 500° C. In a 
further embodiment, the chamber is at a temperature between 
100° C. and 250° C. Inayetfurther embodiment, the chamber 
is at a temperature between 125° C. and 175° C. These lower 
temperatures are Suitable for manufacturing wafers with 
TSVS. 

Pure oxygen can be used as a precursor gas or an oxygen 
Source. Such as N2O, can be used instead. Helium is used as 
a carrier gas for the TEOS. 

Whilst the precursors can be used in any suitable quanti 
ties, the inventors have used a ratio of O:TEOS of 10-20:1 
based on scem. 

The films made by the process disclosed herein can further 
undergo a hydrogen plasma post deposition treatment step as 
described in European Patent Application No. 1027513 1.0. 
This step further Suppresses reabsorption of moisture and 
reduces the leakage current. 

In an embodiment, the plasma is an RF induced plasma. 
The plasma may be produced by a high frequency component 
and a low frequency component. The high frequency compo 
nent is 13.56MHz, and the power is selected from the range of 
600-1200 W and the low frequency component is 375 KHZ 
and the power is selected from the range of 300-500 W. 

In an embodiment the precursors are Supplied to the cham 
ber using a showerhead. The showerhead may be a RF driven 
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2 
shower head used to supply RF power to the plasma. Prefer 
ably the RF driven showerhead is driven using a high fre 
quency component and a low frequency component. The high 
frequency component is 13.56MHz, and the power is selected 
from the range of 600-1200 W and the low frequency com 
ponent is 375 kHz to 2 MHZ and the power is selected from 
the range of 300-500 W. 
The invention may be performed in various ways and spe 

cific embodiments will now be described, by way of example, 
with reference to the accompanying drawings. 

FIGS. 1a and 1b show FTIR spectra of the film produced by 
process A and B respectively as a function of time. 

FIG. 2a shows a graph of the leakage current for a film 
made by process A. FIG. 2b shows a graph of the leakage 
current for process B where a hydrogen plasma post deposi 
tion treatment has been carried out. FIG.2c shows a graph of 
a leakage current for a film made by process B where no 
hydrogen post plasma deposition treatment has been carried 
Out. 

FIG.3a shows a graph of the leakage current as a function 
of applied field for a film made by process C (i.e. with hydro 
gen in the deposition process). FIG. 3b shows a graph of the 
leakage current plot as a function of time for a process similar 
to Process C but without hydrogen in the deposition process. 

FIG. 4 shows a schematic drawing of the apparatus used for 
deposition. 

Using an apparatus, a series of experiments were carried 
out using the following process conditions. 
Process A: Chamber pressure 2000 mT. 1500 sccm O,OH: 

66 sccm TEOS in 1000 sccm He, 666 W high frequency, 
334W low frequency, temperature 125°C. 

Process B: Chamber pressure 3100 mT, 2300 sccm O. 155 
sccm TEOS in 2000 sccm He, temperature 125° C., 1000 
sccm H. High frequency 900 W, low frequency 400 W. 

Process C: Chamber pressure 2500 mT, 2300 sccm O. 750 
sccm H, temperature 175° C., 155 sccm TEOS in 500 
sccm He, High frequency 1320 W, low frequency 495 W. 
The rate of deposition for processes A, B and C is 298 

nm/min, 709 mm/min and 702 mm/min respectively. 
FIG. 1a shows a FTIR spectra of a film made by process A 

taken at the time of deposition and at one week later. It can be 
seen that the peaks at 890 cm-1 and 3400 cm-1 have broad 
ened over the week. This broadening indicates low level 
moisture absorption. FIG. 1b shows FTIR spectra of a film 
made by process B. It can be seen that there has not been any 
shifting of peaks at 890 cm-1 and 3400 cm-1 which indicates 
that there has been no detectable moisture absorption. Both of 
the processes A and B were terminated with a hydrogen 
plasma post deposition treatment step at the same tempera 
ture as the deposition process. 

FIG. 2a shows a graph of the leakage current against 
applied field and exposure to atmosphere of a film made using 
process A with a hydrogen plasma post deposition treatment. 
A small rise around 6 MV/cm can be seen but there is no shift 
at 2 MV/cm which is a figure at which a viable device can 
work. FIG.2b shows a graph of the leakage current for a film 
deposited using process B and which Subsequently under 
wentahydrogen plasma post deposition treatment step. It can 
be seen that there is no shift in leakage current at 2 MV/cm. 
FIG.2c shows a graph of the leakage current plot for a film 
made by process B and which has not undergone a post 
deposition plasma treatment. It can be seen that despite the 
lack of this step there are improved leakage properties when 
compared to process A. 
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TABLE 1 

Stress (MPa) Leakage Leakage 
Refractive (compressive (no H2 plasma) (H2 plasma) 
Index strength) Day 7 Day 7 

Process 14627 -105 4.7OE-09 A/cm 3.01 E-09 A/cm2 
A (a)2 MV/cm (a)2 MV/cm 

6.95E-07 A/cm 1.39E-08 A/cm2 
(a6 MV/cm (a)6 MV/cm 

Process 14683 -166 3.90E-09 A/cm 2.76E-09 A/cm 
B (a)2 MV/cm (a)2 MV/cm 

1.33E-08 A/cm2 1.03E-08 A/cm2 
(a)6 MV/cm (a)6 MV/cm 

Table 1 above further demonstrates the results of the pro 
cesses shown in FIGS. 2a, 2b and 2c. Also, an experiment 
using process A without a hydrogen plasma post deposition 
step is shown in the table. 

FIG.3a shows a graph of the leakage current as a function 
of applied field for a film made by process C. FIG. 3b shows 
a graph of the leakage current plot as a function of time for a 
process similar to Process C but without hydrogen in the 
deposition process. It can be seen from these two graphs that 
the leakage properties of the silicon dioxide film are improved 
when hydrogen is used in the deposition process at an 
elevated temperature. 

FIG. 4 shows a schematic apparatus for performing the 
embodiments of the invention. The apparatus 10 comprises a 
chamber 11, a showerhead 12, a wafer support 13 and respec 
tive high and low frequency sources 14 and 15. The shower 
head 12 is arranged to receive three precursors (TEOS in 
helium, O or a source thereof and H). Matching units 16 and 
17 are provided for the high and low frequency sources 14 and 
15 respectively and a pumped outlet 18 is provided for remov 
ing surplus reaction gases. 
A silicon dioxide (TEOS based) film deposited using Has 

an active gas in the deposition cycle has been demonstrated. 
Furthermore, the method benefits from a high deposition rate 
and can be carried out at a low temperatures as well as higher, 
more standard temperatures. The addition of hydrogen in the 
deposition stage results in an improvement in electrical prop 
erties of the film and ensures they remain stable over time 
when compared to a film prepared by previously known pro 
cess A due to the lack or moisture absorption. Further, the 
inventors believe that it is the inclusion of hydrogen in the 
deposition process that contributes to the in-situ densification 
of the film. This densification increases the refractive index 
and compressive strength as can be seen in table 1. 
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By including the hydrogen plasma post deposition step, the 

initial leakage current is further reduced and moisture reab 
sorption is suppressed. 

For the avoidance of doubt, it is understood that where 
reference is made herein to features “including one or more 
elements, the present specification also includes within its 
Scope reference to such features "comprising”, “consisting 
essentially' and "consisting of said elements. 

The invention claimed is: 
1. A method of forming a silicon dioxide film on a sub 

strate, including the steps of: 
Supplying TEOS via a carrier gas, supplying oxygen or a 

Source of oxygen, and supplying hydrogen as precursors 
to a chamber containing the substrate, wherein a ratio of 
a rate of flow of the carrier gas for the TEOS to a rate of 
flow of hydrogen, to the chamber, is in a range between 
0.67:1 and 2:1; 

producing a plasma from the precursors; and 
performing plasma enhanced chemical vapour deposition 

using the plasma and while the temperature in the cham 
ber is in a range of 125 to 175° C. to deposit silicon 
dioxide on the substrate. 

2. A method according claim 1 further comprising treating 
the deposited silicon dioxide with a hydrogen plasma as a post 
deposition treatment. 

3. A method according to claim 2 wherein the hydrogen 
plasma post deposition treatment is performed after a vacuum 
break. 

4. A method according to claim 2 wherein the hydrogen 
plasma treatment is carried out at the same temperature as that 
at which the silicon dioxide is deposited on the substrate by 
the plasma enhanced chemical vapour deposition. 

5. A method according to claim 2 wherein the plasma is 
produced by exciting the precursors with RF power having a 
high frequency RF component and a low frequency RF com 
ponent. 

6. A method according to claim 5 wherein the high fre 
quency component is a component having a frequency of 
13.56MHz and power level in a range of 600 to 1200 W and 
the low frequency component is a component having a fre 
quency of 350 kHz to 2 MHz and power level in a range of 
from 300 to 500 W. 

7. A silicon dioxide film made according to a method as 
claimed in claim 1. 

ck CE: CE: ck ck 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 9,165,762 B2 Page 1 of 1 
APPLICATIONNO. : 13/869369 
DATED : October 20, 2015 
INVENTOR(S) : Kathrine Crook et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

On the title page, at item (54) and in the specification, at column 1, line 1, change “SILICONE to 
-- SILICON --. 

Signed and Sealed this 
Twenty-third Day of February, 2016 

74-4-04- 2% 4 
Michelle K. Lee 

Director of the United States Patent and Trademark Office 
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