
2190242 METHOD FOR PASS IVATING THE BACK CHANNEL OF AMORPHOUS SILICON FIELD
EFFECT TRANSISTORS The present invention is generally directed to a method
for passivating the back channel regions in amorphous silicon field effect
transistors (FETs),   such as    those employed in matrix addressed liquid
crystal displays. 5   Ebodiments of  the present invention  provide
a treat- ment process for amorphous silicon FET devices which results in
significantly reduced levels of transistor "OFF" current. In matrix
addressed liquid crystal displays (L>CDs), it is known to employ field
effect transistor 10   devices at each picture element (pixel).  For
display applications, each pixel is approximately 100 microns square In
such     matrix addressed liquid crystal displays, each one of the pixel
elements is turned on and off through the operation of an FET. Furthermore,
the desirability of low 15   temperature processing favors the utilization
of FET devices comprising doped and undoped amorphous silicon. In opera-
tion, a selected FET or set of FETs is turned "ON" and charge is permitted
to accumulate on an adjoining pixel electrode, which together with a ground
plane electrode, 20   acts very much like a capacitive storage device.  The
electric field between the pixel electrode and a transparent ground plane
electrode preferentially affects liquid crystal material disposed between
these electrodes in a manner which changes their optical properties and
thereby provides a 25   display function.  For purposes of image display
stability, it is desired that any current that flows during FET "OFF" 



conditions is minimal. Typically, the OFF current is required to be less
than 50 picoamperes. Low OFF currents ensure that charge placed upon the
pixel electrodes persists    -2- for a desirably long time without the need
for immediate refreshing. During this time, other pixels in the display may
be addressed. Amorphous silicon FETs typically employed in 5   matrix
addressed liquid crystal displays employ a structure in which a portion of
the amorphous silicon material is exposed through a metal contact layer.
The amorphous silicon layer also includes an upper layer of doped amor-
phous silicon material, this latter layer being exposed 10   through
openings in a metal contact layer.  The region at the bottom of this
contact metal gap forms the channel region of the device. It is known to
remove the doped amorphous silicon layer between the metal contacts by
etching methods. Typically an N+ layer of amorphous silicon 15   is removed
by etching in a barrel plasma etcher using molyb- denum source and drain
contact metal patterns as a mask. After etching, it is necessary to protect
the exposed silicon surface from environmental contamination. If this
protection is not provided, a net positive charge 20  state tends to be
produced on the exposed silicon surface. This induces an electron channel
in the near surface region. These electrons are mobile and produce 



conduction between the source and drain, resulting in so-called back
channel leakage. This back channel 25  leakage increases OFF current
levels.  Since low OFF currents are required for display and imaging
applications, this is a significant problem in devices of this kind.
According to the present invention, there is provided a 30  method for
passivating the back channel region of an amorphous silicon field effect
transistor, said method comprising:    sputter etching the bottom of a gap
in a metal layer overlying doped amorphous silicon material whereby any
silicide material present in the gap and overlying the amorphous silicon
material is removed; 5         plasma etching said doped amorphous silicon
mater- ial and a portion of an underlying amorphous silicon layer to expose
a surface of the said amorphous silicon layer; applying a basic solution to
said amorphous 10 silicon surface; and depositing a passivating dielectric
layer over said field effect transistor. The basic solution may be
inorganic or organic. While it is known to employ sili- 15 con nitride
protective caps as a passivating material subsequent to back channel
etching, it has been found 



that such known passivating means alone are much more susceptible to the
production of back channel leakage than processing in accordance with an
embodiment of the 20 present invention. In accordance with a preferred
embodiment of the present invention, a method for passivating the back
channel region of an amorphous silicon FET comprises a sequence of process
steps starting with the sputter etching of a 25  layer of doped amorphous
silicon material at the bottom of a gap in an overlying metal layer. This
first etching is performed to remove approximately 10 nanometers of
material which is thought to comprise a    -3- layer of [err] or [err] of
unknown composition which tends to form during sputter deposition of
molybdenum source and drain metal and also during subsequent processing
steps. Next, the doped amorphous silicon 5 material is plasma etched along
with a portion of the underlying amorphous silicon material. The back
channel region thus formed is exposed to an organic base prior to formation
of a passivating cap, such as silicon nitride. In accordance with an
especially preferred 10 embodiment of the present invention, the organic
base comprises a monoethanolamine solution. Also, the present invention
preferably includes rinsing the FET in distil- led water and heating in air
immediately subsequent to 



exposure to the organic base. In a preferred embodi- 15 ment, back channel
leakage currents may be reduced from approximately 50 picoamperes to
current levels which are typically less than 1 picoampere.    -4- FET
devices embodying the present invention may typically be used in the
fabrication of matrix addressed liquid crystal displays. Preferably
embodiments of the present invention provide a process for the fabrication
of FET devices which is at the same time 5 economical and in keeping with
conventional FET fabrication methods. An embodiment of the present
invention, given by way of non- limitative example, will now be described
with reference tc the accompany- ing drawings, in which: Figure 1 is a
cross-sectional, side elevation view 10 illustrating a stage in FET
processing prior to etch back of the amorphous silicon in the channel
region; Figure 2 is a view similar to Figure 1 illustra- ting the effect of
back channel etching; Figure 3 is a view similar to Figure 2 and which 15
more particularly illustrates the formation of a final passivation layer.
Figure 1 illustrates  in cross-sectional view, a typical amorphous silicon
as employed in a matrix addressed liquid crystal display device. In
particular, an insulating layer of silicon oxide 12 is disposed on glass 20
substrate 10. A portion of pixel electrode 14 is also 



visible.  This electrode typically comprises a transparent    -5-
conductive material such as indium tin oxide.  Also disposed over
insulating layer 12 is conductive gate metal 16 typi- cally comprising a
material such as titanium.  An insulative layer 18 is disposed between gate
material 16 and amorphous 5   silicon material 20.  Insulative layer 18
typically com- prises a material such as silicon nitride.  Figure 1 also
illustrates the fact that amorphous silicon material 20 also includes an
upper layer 22 of doped silicon material. Typically an N   dopant, such as
phosphorous, is employed. 10   Overlying this structure, source and drain
metallization patterns 24 and 26 are provided. In particular, contact 26
also acts to connect the FET with pixel electrode 14.  Since the ground
plane electrode and the liquid crystal material itself are not necessary
for understanding the present 15   invention and since they are
conventionally known features, they are not illustrated herein. For proper
FET operation, it is necessary to remove the portion of doped amorphous
silicon layer 22 at the bottom of gap 25. However, prior to plasma etching
of 20   layers 22 and part of layer 20 in a barrel plasma etcher to remove
N material from the back channel, it has also been found that it is
desirable to sputter etch the wafers in an argon atmosphere to remove
approximately 10 nanometers of material (not shown because of scale).  It
is believed that 



25   this material is a layer of [err] or [err] of unknown composition
which tends to form during sputter deposition of molybdenum source and
drain material. This surface layer etches very slowly in barrel etchers and
would therefore tend to result in non-uniform removal of the N  layer if
not 30   removed by sputter etching.  This sputter etching step is highly
desirable to provide good control for subsequent barrel etching. While
barrel etching is preferred, a planar    etcher may be desired in the event
that wafer scale uniformity becomes important. Subsequent to sputter
etching, plasma etching of layer 22 and a portion of layer 20 is performed,
as illus- 5   trated in Figure 2.  Subsequent to this plasma etching which
is  preferably done in a barrel etcher, the OFF currents of the devices are
very low indicating no electron accumulation layer in back channel region
30. However, if these devices are capped using plasma deposited amorphous
silicon nitride, 10   the CFF currents rise dramatically. However, if the
surface is exposed to a monoethanolamine solution, at about [err] rinsed in
distilled water, and air baked at approximately [err] for 15 minutes prior
to cap- 15   ping, the OFF currents are typically less than 1 picoampere
for an FET with a channel length of 6 microns and width of 200 microns. The
OFF current is typically required to be less than SO picoamperes for LCD
type applications. A 



monoethanolamine solution which is a strong base, such as 20   commercial
resist stripper R10 for example, is therefore seen to be employable as a
passivating treatment following back channel etching of amorphous silicon
FETs. While a monoethanolamine solution is a preferred material for such
passivation, organic and inorganic bases provide similar 25   passivation.
It is noted that contact metal patterns 24 and 26 provide masking for the
plasma etching of the doped amor- phous silicon  and underlying amorphous
silicon layers. Following the passivation step of exposing amorphous
silicon 30   to a basic solution, a permanent passivating cap 28, as shown
in Figure 3, is provided over the substrate. Cap, or dielectric insulating
layer 28, preferably comprises a material such as silicon nitride. More
particularly, cap 28    preferably comprises silicon nitride which is
deposited by plasma chemical vapor deposition at a temerature of
approximately [err]  It is also pointed out that plasma etching of the
doped amorphous silicon material, as occurs 5   between the steps
illustrated in Figures 1 and 2, results in the formation of doped source
and drain layers 22a and 22b, as shown. The above    method for passivating
the back 10   channel region of amorphous silicon field effect transis-
tors  can be seen to           involve   plasma etching for removing N
doped silicon from the back channel and then 



providing a sequence of wet and dry chemistry prior to capping with a low
temperature silicon nitride layer to 15   produce a protected and stable
device.  It is also seen that the passivation process
is in conformance with conventional FET and LCD display fabrica- tion
methods. It is also seen that the passivation method results in
significantiy 20   reduced FET back channel leakage currents and
accordingly, results in an FET device which is much more suitable for use
in LCD devices. While the invention has been described in detail herein in
accord with certain preferred embodiments thereof, many modifications and
changes therein may be effected as will be apparent to those skilled in the
art.    CLAIMS 1. A method for passivating the back channel region of an
amorphous silicon field effect transistor, said method comprising: 5
sputter etching the bottom of a gap in a metal layer overlying doped
amorphous silicon material whereby any silicide material present in the gap
and overlying the amorphous silicon material is removed; plasma etching
said doped amorphous silicon material and 10 a portion of an underlying
amorphous silicon layer to expose a surface of the said amorphous silicon
layer; applying a basic solution to said amorphous silicon 



surface; and depositing a passivating dielectric layer over said 15 field
effect transistor. 2.  The method of claim 1 in which said sputter etching
occurs in an argon atmosphere. 3.   The method of claim 1 or  claim 2 in
which 20  said plasma etching is performed in a barrel plasma etcher. 4.
The method of any one of claims 1 to 3 in which said basic solution
comprises an inorganic base. 25             5.   The method of any one of
claims 1 to 3 in which said basic solution comprises an organic base.    6.
The method of claim 5 in which said organic base comprises a
monoethanolamine solution. 7.   The method of any one of the preceding
claims further including immediately subsequent to exposure to said basic
solution, the steps of: rinsing said FET in distilled water and heating in
air.    -9- 8.   The method of claim 7 in which said heating in air occurs
at a temperature of approximately [err] for approximately 15 minutes. 9.
The method of any one of the preceding claims 



in which said passivating layer comprises silicon nitride deposited by
plasma chemical vapor deposition. 10. The method of claim 9 in which said
10 passivating layer is deposited at a temperature of approximately [err]
11. A method of passivating the back channel region of an amorphous silicon
field effect transistor, in which the amorphous silicon in the back channel
region is exposed, treated with a basic solution, and a passivating
dielectric layer is then deposited over the back channel region. 20
12.  A method of passivating the back channel region of an amorphous
silicon field effect transistor substantially as herein described with
reference to the accompanying drawings. 25             13.  An amorphous
silicon field effect transistor having a back channel region passivated by
a method according to any one of the preceding claims. 14. A matrix
addressed liquid crystal display 30   comprising amorphous silicon field
effect transistors according to claim 13.    


