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METHOD AND APPARATUS FOR REDUCING FIXED CHARGES IN A
SEMICONDUCTOR DEVICE

BACKGROUND OF THE DISCLOSURE

1. Field of the Invention
The invention relates to the fabrication of
semiconductor devices and, more particularly, the invention
“relates to a method and apparatis§ for reduding the amourit of
10 charges that are tfapped between layers of a semiconductor

device during its fabrication.

2. Description of the Background Art

Integrated circuits fabricated on semiconductor

15 substrates for Ultra Large Scale Integration (ULSI) require
multiple levels of interconnections for electrically
connecting the discrete semiconductor devices that comprise
the c¢ircuits. Conventionally, the multiple levels of
interconnections are separated by layers of insulating

20 material. These interposed insulating layers have etched via
holes which are used to connect one level of interconnections

to another.' Typically, the insulating layer material is
silicon oxide (Si0,) having a dielectric constant (relative

to wvacuum) of about 4.1 to 4.5. As device dimensions

25 decrease and the device density increases, it is necessary to
reduce the spacing between the interconnection levels to
effectively connect the integrated circuits. Unfortunately,

as the spacing decreases, the intra- {on the same metal
level) and interlevel (between metal levels) capacitances

30 increase when insulating layers therebetween have the same
dielectric constant. The capacitance C is inversely
proportional to the spacing d between the levels by the
relationship C=keA/d where k is the dielectric coefficient, e

is the permittivity of the insulator, A is the area, and 4 is

35 the spacing between linesg. Therefore, it is very desirable
to minimize the dielectric constant k in the insulating
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layers between the intercomnection layers to feduce the RC
time constant and thereby increése the performance of the
circuit {frequency response}. The sigmal propagation time in
the circuit is adversely affected by the RC delay time, where
R is the resistance of the metal line, and C is the inter-
and/or the intralevel capacitance mentioned above.

In greater detail, FIG. 1 depicts an integrated circuit
device 100 that is presently kmown in the art. Typically the
device 100 is comprised of a substrate materialg 102
(t'::;pfcally é’ dielectric material such as Siog) hav'ing”- a
plurality of layers 103 of various materials disposed
thereupon. The wvarious layers have different electrical
properties so as to create conductive pathways, circuit
devices, and the like. For example, a first layer 104 is an
insulating layer disposed on top of the substrate 102 acting
as a primary insulator. Within the insulating layer 104 are
various circuit pathways or circuit devices 106 comprised of
conductive material such as titanium or aluminum. Disposed
above - the insulating and conductive layers, 104 and 106
respectively, is a second insulative layer 108. Typically,
the second insulative layer 108 is a dielectric material but
not necessarily the same material as the first dielectric
layer 104.

One approach to minimize the RC time delays is to use a
good electrical conductor for the interconnection levels,
such as replacing the titanium or aluminum with copper to
reduce resgistance R. A second approach is to use an
insulating material that has a lower dielectric constant k,
such as an organic, to reduce the capacitance C between the
interconnection levels. As such, it is highly favorable to
use low k dielectric materials for the second insulative
layer 108. One example of a 'typical iow k dielectric
material that is currently in use for the fabrication of
integrated circuits is the compound trimethylsilane (3MS}.
The dielectric constant of this material is approximately
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2.7; therefore, is highly preferred for use as a dielectric
material between conductive areas such as conductive pathways

and devices and the like represented as 106.

A well known method for creating integrated circuits
such as those described sbove is by chemical vapor deposition
(CVD). Typically, a precursor gas is mixed with a carrier
gas and introduced to a deposition chamber at an elevated
temperature. Upon contact with a substrate 102 within the
chamber, the precursor .gas decomposes into various elements
and reacts with the surface to create tle desired material
{insulative layer 104,'typically an oxide or conductive
material 106, 1.e., c¢opper. Such processes may also be
enhanced by the use of a plasma within the chamber which
provides for a more uniform deposition process, i.e., when
filling an opening in an oxide layver 104 with conductor
material 106.

The second insulative layer 108 is also formed by CVD or
plasma enhanced CVD; however, deficiencies in the process
create undesirable results. For example when depositing one
oxide material over another, i.e., second insulative laver
108 deposited over first insulative layer 104, different
crystal planar structures and dimensions within these two
materials create microscoplic gaps at an interface 110 of two
such layers. FIG. 2 shows an enlarged detall area of FIG. 1
depicting trapped electrical charges 202 at the interface 110
during the CVD process. These trapped charges 202 create a
substantial charge buildup condition within the interface 110
which detrimentally effects nearby devices. For example FIG.
3 depicts a graph of capécitance vs. gate voltage of a device
{i.e., the gate structure of-a MOSFET transistor device)
indicating a flat band voltage of approximately -55 V. Since
the charge trapping condition is difficult to avoid, a
typical and acceptable value for flat band wvoltage 1is
approximately -15 V. If there are many such trapped charges
202 at the interface 110, devices constructed on the
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substrate are detrimentally effected resulting in poor or
non-operational condition of such devices.

Therefore, there is a need in the art for a method of
semiconductor IC construction and resultant apparatus having
low k dielectric material to increase insulative properties,
yet not creating the charge trap phenomenon at an interface
between such low k dielectric material and other insulative
materials used to construct such a device.

'SUMMARY OF THE INVENTION

The disadvantages associated with the prior art are
overcome with the present invention of a method for reducing
trapped charges in a semiconductor device having a first
layer and a second layer, said method comprising the steps of
providing said first layer, flowing a deposition, a dilution
and a conversion gas upon said first layer thereby forming a
transition layer, phasing out said flow of conversion gas and
forming said second layer upon said transition layer. The
deposition gas, dilution gas and conversion gas are
preferably trimethylsilane, helium and N,0 respectively.
Additionally, the step of phasing out the conversion gas flow
alters the characteristics of the transition layer. The
method is formed via chemical vapor deposition or plasma
enhanced chemical wvapor deposition when depositihg the
transition layer, first and second layers.

Alternately, a method for reducing trapped charges in a
semiconductor device having a first layer and a second layer,
said method comprising the steps of providing the first

layer, flowing a deposition and dilution gas upon said first.

layer to form a transition layer thereupon, applying a plasma
treatment to said transition layer, and forming said second
layer upon said transition layer. The deposition gas and
dilution gas are preferably trimethylsilane and helium
respectively. Additionally, the plasma treatment further
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comprises a N,0 plasma conducted in a range of approximately
50 to 500 watts and preferably 250 watts. The second layer
is preferably a trimethylsilane oxide layer.

An apparatus for reducing trapped charges in a
semiconductor device is also disclosed. This apparatus has a
first insulating layer, a transition layer disposed upon said
first layer and a second insulating layer disposed upon said
transition layer. The transition layer improves the adhesion
between said first insulating layer and said second
insulating layer and said tramsition layer is preferably a
silicon carbide based material and most preferably SiC:H.
The second insulating layer is trimethylsilane oxide.

With the method and apparatus described in the subiject
invention, a reduction in the amount of electrical charges
(i.e., ioms, electrons or the like) trapped between layers of
deposited material is realized. As such, the integrity and
quality of devices formed from such layers is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention can be readily
understood by considering the following detailed description
in conjunction with the accompanying drawings, in which:

FIG. 1 depicts a partial cross sectional view of a prior
art semiconductor substrate having an integrated circuit
constructed thereupon;

FIG. 2 depicts a detailed cross sectional view of the
indicated area of FIG. 1; _

FIG. 3 depicts a graph of capacitance vs. gate voltage
measures at an interface of the integrated circuit of FIG. 1;

FIG. 4 depicts a partial cross sectional view of a
semiconductor substrate having an ‘integrated circuit
constructed thereupon in accordance with the subject
invention;



i0

15

20

25

30

501/3684

-6~

FIG.-S depicts a graph of capacitance vs. gate voltage
of the integrated circuit at an interface of* the integrated
circuit of PFIG. 4 when using a method of the subject
invention;

FIG. 6 depicts a graph of capacitance vs., a gate voltage
of an integrated circuit of FIG. 4 when using an altexnate
embodiment of the method of the subject invention;

FIG. 7 depicts a series of method steps of the present
invention; } v

FIG. 8 dépicts a series of method steps of an alternate
embodiment of the present invention; and

FIG. 9 depicts a deposition system used in conjunction
with the the subject invention.

To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures.

DETAILED DESCRIPTION

FIG. 4 depicts an integrated circuit device 400 in
accordance with the present invention. The device 400 is
comprised of a substrate material 402 (i.e., a dielectric
material such as Si0,}) having a plurality of layers 403 of
various materials disposed thereupon. The wvarious layers
have different electrical properties so as to create
conductive pathways {also known as lines), circuit devices,
and the like. These pathways and devices are linked to other
devices on the substrate via a wvariety of other lines,
interconnects and dey%ggs (not shown).

The dévice 400\58 created by any known method and
apparatus for fabricating integrated circuits and preferably
by chemical vapor deposition (CVD). CVD and an apparatus for
performing same is disclosed in US Patent No. 5,856,240 and

is herein incorportated by reference. FIG. 9 depicts an
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exemplary deposition system 900 for performing CVD. A liquid
precursor 918 is delivered to a deposition chamber 902 from a
precursor delivery system 908 via one or more precursor
material transfer lines 9290. Specifically, the liguid
precursor 918 is wvaporized at wvaporizer 906, mixed with a
carrier gas 924 and delivered to a showerhead 922 in the
deposition chamber 902. One example of a deposition chamber
that can be used is a model DzX chamber manufactured by
Bpplied Materials, Inc: of Santa Clara, California. The
deposition chamber %02 contains a heated susceptor 3816 for
retaining the substrate 402 (i.e., a semiconductor wafer)
onto.which.it is desirable to deposit the plurality of layers
403. Material is depoéited onte the substrate 402 by CVD
when the wvaporized precursor contacts the heated substrate
402. Such processes may also be enhanced by the use of a
plasma within the chamber which provides for a more uniform

deposition process. The plasma is formed by driviﬁg one or

more of the chamber components (i.e., the susceptor 916 or

showerhead 922 with a high power energy source. For example,
the energy source is an AC power source 928 connected to the
susceptor 916. The chamber 902 and precursor delivery system
908 are controlled by a process control system 904.

The process chamber 902 is defined by a set of walls 814
that are electrically and thermally isolated from the
susceptor 816 and showerhead 922 by isolators 810. Thermal
energy, from a heating element 926.such as a resistive coil,
heats a top surface of the susceptor 916. Pressure control
unit 930 (i.e., a vacuum pump) adjusts'the chamber.éimosphere
as necessary to facilitate deposition processes.

Returning to FIG. 4, a first layer 404 ig an insulating
layer disposed on top of the sgubstrate 402 acting as a

primary insulator. Within the insulating layer 404 are
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various circuit pathways or devices 406 comprised of

conductive material such as titanium, copper, tantalum or the

like. The first insulating layer 404 and conductive layer,

disposed within a common plane, define an interface 410. A

trangition layer 407 is disposed upon the interface 410.

Disposed above the transition layver 407, is a second

insulative layer 408. Typically, the second insulative layer

408 is a dielectric material, but not necessarily the same

-materiél as the first dielectric layer 404.

The transition laver 407 is preferably a low k

dielectric material. Such material has properties that

enhance the bonding of the second insulative layer 408 to the

first insulative layef 404. One such matexial that can

accomplish this desired effect is BLOK™, a trademark of

Applied Materials, Inc. of Santa Clara, CA. BLOK™ stands for

Barrier LOw
4.5.

K dielectric material and preferably has a K =

The subject invention also includes a method for forming

a second insulative layer upon a first insulative layer.

Specifically, a first embodiment of the subject method is

depicted in

FIG. 7 as a series of method steps 700. The

method begins at step 702 and proceeds to step 704 wherein a

first insulative layer (i.e., an oxide layer) is provided on

a subsgtrate material. Said first insulative layer may be for

aexample layer 404 disposed upon a semiconductor substrate 402

for defining conductive pathways or circuit devices upon said

substrate.

At step 706, a flow of deposition, dilutiom and

conversion gases are proViHéd to the first insulative layer.

The deposition, dilution and conversion gases form a

transition layer upon the first insulative layer. Said

transition layer for example is layer 407 shown in FIG. 4.

At step 708,

the flow of conversion gas is phased out (i.e.,
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graduaily turnéd off or diminished over time). In phasing
out the ‘conversion gas, the chéracteristics of the transition
layer are altered in a gradual fashion so as to improve the
likelihood of adeguate bonding between the transition layer
and the second insulative layver. In step 710, a second
insulative layer is formed upon the transition layer. The
second oxide layer is, for example, layer 408 as shown in
FIG. 4.

In the above discussed.method 700, the Jdeposition gas is
a silicon based material and in a preferred embodiment of the
invention is trimethylsilane {3MS), the dilution gas is an
inert gas-and in a preferred embodiment is helium. The
conversion gas is an oxygen containing gas and in a preferred
embodiment of the invention is N,0. Additiomally, the second
insulative layer is a silicon based insulating layer and in a
preferred embodiment of the invention is a trimethylsilane
oxide layer.

The above discussed first imsulative, transition, and
second insulative layers are created .via methods to those
skilled 4in' the art of semiconductor ‘circuit device
fabrication and include but are not limited to physical vapor
deposition (PVD), chemical vapor deposition (CVD) and the
like and in a preferred embodiment of the invention the

subject layers are formed wvia CVD, and more preferably by

plasma enhanced CVD ({PECVD). The subject method can be

practiced in a semiconductor fabrication chamber such as a
DxZ chamber a manufactured and sold by Applied Materials,
thc. of Santa Clara, CA. The conditioms under which such
method takes place are as follows:

T = 350°C - 400°C, preferably 350C

Pressure 2 - 20 Torr, preferably 8.7 Torr
Power 50 - 500 Watts, preferably 250 Watts
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Electrode spacing 350-600 mils, preferably 435 mils

Conversion gas flow 500-2500 sccm, preferably 1500 scom
N,0

3MS flow 25-500 sccm

He flow 100-2000 scem

In an alternate embodiment of the invention depicted in
FIG. 8, a series of method steps 800 is used to form a second
insulative layer upon a first insulative layer. Such method
steps 800 begin at step 802 and proceed to step 804 wherein a
first insuiative'ﬁayer is provided on a substrate. At step
806, a flow of deposition and dilution gases is provided upon
a first insulative layer to form a transition layer
thereupon. In step 808, the flow of deposition and dilution
gases is halted and a plasma treatment is applied to the
transition layer. The plasma treatment alters the
characteristics of the transition layer so as to improve the
adhesion of the second insulative layer. At step 810, the
second insulative layer is disposed upon the transition layer
and the method 800 concludes at step 812.

The benefits of the above-discussed apparatus are seen

by comparing FIGS. 5 and 6 to FIG. 3. FIG. 5 depicts a graph

of gate voltage (V) wvs. capacitance (pF) fof a semiconductor
device formed in accordance with either of the methods
disclosed. Specifically, the flatband voltage has been
reduced to approximately -25V as compared to -55V of the
untreated (i.e., no transition layer) device of FIG. 3. FIG.
6 depicts a graph of the same characteristic for a device
that has been treated under more optimized conditions

{including the use of Silane}. 1In this device, the flatband

voltage has been reduced to the typically acceptable value of
-15Vv. A flatband voltage closer zero indicates that there
are fewer charges trapped in the interface 410 of the subject
invention than previously realized. As such, the device 400
is less susceptible to breakdown caused by generally poor or
out-of-spec design.
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Although wvarious embodiments which incorporate the
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still

5 dincorporate these teachings.
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What is claimed is:
1. Method for reducing trapped charges in a semiconductor

device having a first layer and a second laver, said method
comprising the steps of:

providing said first laver;

flowing a deposition, a dilution and a conversion gas
upon said first layei théreby fdfming a transition layer;

phasing out said flow of conversion gas; and

forming sald second layer upon said transition layer.

2. The method of claim 1 wherein said deposition gas is
trimethylsilane.

3. The method of claim 1 wherein said dilution gas is said
helium.

4. The method of claim 1 wherein said conversion gas is
N,0.

5. The method of claim 1 wherein the step of phasing out

the conversion gas flow alters the characteristics of the
transition layer.

6. The method of claim 1 wherein said transition layer is
formed via chemical vapor deposition.

7. The method of c¢laim 6 whe®ein the transition layer is
formed via plasma enhanced chemical vapor deposition.

8. The method of claim 1 wherein the first and second
layers are formed via chemical vapor deposition.
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S. Method for reducing trapped charges in a semiconductor
device having a first layer and a second layer, said method
comprising the steps of:

providing the first layer;

flowing a -deposition and dilution gas upon said first
layer to form a transition layer thereupon;

applying a plasma treatment to said transition layer;
and

forming said second layer upon said transition layer.

10. The method of claim 9 wherein said deposition gas is
trimethylsilane.

11. The method of claim 9 wherein said dilution gas is
helium.

12. The method of claim 9 wherein said plasma treatment
further comprises a N,0 plasma.

13. The method of claim 12 wherein said plasma treatment is
conducted in_a range of approximately 50 to 500 watts.

14. The method of claim 13 wherein the plasma treatment is
conducted at 250 watts.

15. The method of claim 9 wherein said second layer is a
trimethylsilane oxide laver.

16. An apparatus for reducing trapped charges in a
semiconduator device comprising:

a first insulating layer:;

a transition layer disposed upon said first layer; and

a second insulating layer disposed upon said transition
layer.

[T .
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17. The apparatus of claim 16 wherein said transition layer
improves the adhesion between said first insulating layer and
said second insulating layer.

5 18. The apparatus of claim 16 wherein said tramsition layer
further comprises a silicon carbide based material.

19. The apparatus of claim 18 wherein said transition layer
material is SiC:H- -

10
20. The apparatus of claim 16 wherein said second insulating
layer is trimethylsilane oxide.



