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THIN FILM SEMICONDUCTOR DEVICE HAVING 
A BUFFER LAYER 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a thin ?lm semiconductor 
device used as a driving substrate of an active matrix liquid 
crystal display panel or the like. More particularly, it relates 
to a thin ?lm semiconductor device using ordinary glass as 
a substrate and made by loW temperature processes. Still 
more particularly, it relates to technology for preventing 
adverse affects of alkali metals contained in the glass. 

[0002] A thin ?lm semiconductor device is a device 
Wherein a thin ?lm transistor is formed on an insulating 
substrate, and because they are ideal for eXample for driving 
substrates of active matriX liquid crystal display panels their 
development has been being advanced vigorously in recent 
years. Particularly When using a thin ?lm semiconductor 
device in a large-area liquid crystal display panel, it is 
essential to reduce the cost of the insulating substrate, and 
glass substrates are being employed instead of the relatively 
high quality quartZ substrates used in the past. When a glass 
substrate is used, because its heat resistance is relatively loW, 
the thin ?lm transistors must be formed by loW temperature 
processes of beloW 600° C. NoW, as a semiconductor thin 
?lm constituting active layers of the thin ?lm transistors, 
amorphous silicon and polycrystalline silicon have been 
used. HoWever, from the point of vieW of the operating 
characteristics of the thin ?lm transistors, polycrystalline 
silicon is superior to amorphous silicon. For this reason, the 
development of polycrystalline silicon thin ?lm transistors 
made by loW temperature processes has been being 
advanced in recent years. 

[0003] When polycrystalline silicon is used as an active 
layer of a thin ?lm transistor formed on a glass substrate, 
contamination caused by alkali metals such as sodium (Na) 
contained in the glass substrate has been a problem. Poly 
crystalline silicon is more sensitive to alkali metal contami 
nation than amorphous silicon, and With polycrystalline 
silicon such contamination has an adverse in?uence on the 
operating characteristics and reliability of the thin ?lm 
transistor. For eXample, if an alkali metal diffuses into the 
gate insulating ?lm of a thin ?lm transistor the device 
characteristics change. When at a high temperature a bias is 
applied and an operating test is carried out, the device 
characteristics change greatly because alkali metal in the 
gate insulating ?lm moves and polariZes and concentrates in 
localities. Consequently, When thin ?lm transistors have 
been formed on a glass substrate, the practice of forming in 
advance as a base layer a silicon nitride ?lm (SiNX) or a 
phosphorus-containing glass (PSG) as a buffer layer has 
been carried out. By this buffer layer being interposed, the 
vertical diffusion of alkali metal from the glass substrate 
toWard the gate insulating ?lm is suppressed and contami 
nation of the gate insulating ?lm is prevented. 

[0004] HoWever, it has become clear that just preventing 
vertical movement of alkali metal is not suf?cient. That is, 
horiZontal diffusion of alkali metal included in the glass 
substrate occurs due to bias of the driving voltage impressed 
on the thin ?lm transistor, and alkali metal ions polariZe and 
concentrate locally. An electric ?eld is created by local 
polariZation of charges of alkali metal ions, and this 
reversely has an adverse affect on the operating character 
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istics of the thin ?lm transistor. It has become clear that as 
a result of this the threshold voltage and the leak current of 
the thin ?lm transistor undergo ?uctuations. It is extremely 
dif?cult to prevent this horiZontal movement of alkali metal 
in the glass substrate. For this reason, for eXample in US. 
Pat. No. 5,349,456 a method for removing Na from a glass 
substrate is disclosed. HoWever, this method is not alWays 
practical because it greatly diminishes the merit of using a 
loW cost glass substrate. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the invention to solve 
the problem described above and provide a thin ?lm semi 
conductor device comprising a thin ?lm transistor formed on 
a glass substrate Wherein an electric ?eld arising as a result 
of horiZontal diffusion of alkali metal in the glass substrate 
is effectively and cheaply prevented from adversely affect 
ing the operating characteristics of the thin ?lm transistor. 

[0006] To achieve the above-mentioned object and other 
objects, a thin ?lm semiconductor device according to the 
invention comprises as a basic construction a glass substrate 
containing an alkali metal, a buffer layer covering the 
surface of the glass substrate and a thin ?lm transistor 
formed on the buffer layer With a polycrystalline semicon 
ductor thin ?lm as an active layer. As a characteriZing 
feature of the invention, the buffer layer includes at least a 
silicon nitride ?lm and protects the thin ?lm transistor from 
alkali metal contamination and has a thickness such that it ca 
n shield the thin ?lm transistor from an electric ?eld created 
by localiZed alkali metal ions. In one form of the invention, 
the thin ?lm transistor has a bottom gate structure Wherein 
a gate electrode, a gate insulating ?lm and a semiconductor 
thin ?lm are superposed in order from the bottom. In this 
case, the semiconductor thin ?lm has a channel region 
located directly above the gate electrode, high concentration 
impurity regions located on either side of the channel region 
and loW concentration impurity regions interposed betWeen 
the channel region and the high concentration impurity 
regions. The loW concentration impurity regions are 
shielded from an electric ?eld forming in the glass substrate 
by the buffer layer. Preferably, the gate insulating ?lm 
includes a silicon nitride layer and is superposed With the 
buffer layer and the tWo synergetically protect and shield the 
thin ?lm transistor. In this case, the total thickness of the 
mutually superposed gate insulating ?lm and buffer layer is 
over 200 nm. The buffer layer is preferably a tWo-layer 
structure made up of a silicon nitride ?lm and a silicon oXide 
?lm. In a speci?c construction, a piXel electrode is formed 
connected to at least a part of the thin ?lm transistor and the 
thin ?lm semiconductor device can be used in a driving 
substrate of an active matriX display panel. 

[0007] In the invention, a buffer layer is interposed 
betWeen a glass substrate and a thin ?lm transistor. This 
buffer layer includes at least a silicon nitride ?lm, and blocks 
vertical movement of alkali metal and thereby suppresses 
contamination of the gate insulating ?lm. The silicon nitride 
?lm has a ?ne composition, and by making its thickness 
above 20 nm it is possible to substantially completely 
prevent Na and the like from passing through it. Also, in 
addition to the silicon nitride ?lm this buffer layer includes 
for eXample a silicon oXide ?lm and has a tWo-layer struc 
ture. Because ?lm stresses in the silicon oXide ?lm are 
smaller than in the silicon nitride ?lm it is possible to make 
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the thickness of the buffer layer as a Whole large and thereby 
electrically separate the thin ?lm transistor from the glass 
substrate. By making the thickness of the buffer layer at least 
100 nm it is possible to electrically shield the thin ?lm 
transistor from the glass substrate. Therefore, it is possible 
to shield the thin ?lm transistor from adverse affects of an 
electric ?eld formed as a result of horiZontal diffusion of 
alkali metal inside the glass substrate. As a result, it becomes 
possible to maintain the reliability and operating character 
istics of the thin ?lm transistor even When a glass substrate 
containing alkali metal is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic sectional vieW of a ?rst 
preferred embodiment of a thin ?lm semiconductor device 
according to the invention; 

[0009] FIG. 2 is a schematic sectional vieW of a second 
preferred embodiment of a thin ?lm semiconductor device 
according to the invention; 

[0010] FIG. 3 is a schematic sectional vieW of a third 
preferred embodiment of a thin ?lm semiconductor device 
according to the invention; and 

[0011] FIG. 4 is a schematic perspective vieW of an 
example of an active matrix liquid crystal display panel 
assembled using a thin ?lm semiconductor device according 
to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0012] Preferred embodiments of the invention Will noW 
be described in detail With reference to the accompanying 
draWings. FIG. 1 shoWs a ?rst preferred embodiment of a 
thin ?lm semiconductor device according to the invention, 
and is an example Wherein a thin ?lm transistor of N-channel 
type and of top gate structure is formed on a glass substrate. 
As shoWn in FIG. 1, this thin ?lm semiconductor device is 
made using a glass substrate 1 containing an alkali metal 
such as Na. The upper surface of the glass substrate 1 is 
covered by a buffer layer 2. A thin ?lm transistor 3 is formed 
on the buffer layer 2. The thin ?lm transistor 3 is a ?eld effect 
transistor having a polycrystalline semiconductor thin ?lm 4 
consisting of polycrystalline silicon or the like as an active 
layer. The thin ?lm transistor 3 has a top gate structure, and 
a gate electrode G is formed by patterning on a gate 
insulating ?lm 5 on the polycrystalline semiconductor thin 
?lm 4. As a result, a channel region Ch is formed directly 
beloW the gate electrode G With the gate insulating ?lm 5 
therebetWeen. A small amount of a P-type impurity is 
diffused into this channel region Ch part of the polycrystal 
line semiconductor thin ?lm 4 for threshold value adjust 
ment. A source region S and a drain region D impregnated 
With an N-type impurity at a high concentration are provided 
on opposite sides of the channel region Ch. The thin ?lm 
transistor 3 having this construction is covered With an 
interlayer insulating ?lm 6 consisting of PSG or the like. 
Contact holes are formed in the interlayer insulating ?lm 6, 
and through these contact holes interconnection electrodes 
7S, 7D are electrically connected to the source region S and 
the drain region D respectively. In this example an N-type 
impurity is injected to form an N-channel type thin ?lm 
transistor 3, but of course the invention is not limited to this 
and can also be applied to a P-channel type thin ?lm 
transistor. 
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[0013] As a characteriZing feature of the invention the 
buffer layer 2 includes at least a silicon nitride ?lm, and 
protects the thin ?lm transistor 3 from alkali metal contami 
nation. The silicon nitride ?lm (SiNX) has a relatively ?ne 
composition, and by making its thickness at least 20 nm it 
is possible to substantially completely block the vertical 
upWard diffusion of alkali metals such as Na contained in the 
glass substrate 1. Also, this buffer layer 2 has a thickness 
such that it can shield the thin ?lm transistor 3 from an 
electric ?eld resulting from localiZed alkali metal ions (Na+) 
and the like. For example the buffer layer 2 has a tWo-layer 
structure made up of the silicon nitride ?lm (SiNX) and a 
silicon oxide ?lm (SiO2) and has a total thickness of at least 
100 nm. 

[0014] The electric ?eld shielding function of the buffer 
layer 2, Which is a characteriZing feature of the invention, 
Will noW be described in more detail. When the thin ?lm 
transistor 3 is operated, there are times When for example a 
ground potential (0V) is impressed on the interconnection 
electrode 7S on the source region S side and a positive bias 
voltage is impressed on the interconnection electrode 7D 
connected to the drain region D. When this kind of bias is 
applied to the device, Na+ ions, Which are positive charges, 
are excluded from the vicinity of the drain region D and 
move horiZontally to the vicinity of the source region S. As 
a result, as shoWn in FIG. 1, positive charges (Na+) con 
centrate in the vicinity of the source region S near the 
surface of the glass substrate 1 and a positive region 8 is 
formed. MeanWhile, in the vicinity of the drain region D 
near the surface of the glass substrate 1, because the charge 
equilibrium breaks doWn by an amount corresponding to the 
exclusion of the Na”, a negative region 9 is formed. In this 
Way an electric ?eld resulting from localiZation of Na+ forms 
in the vicinity of the surface of the glass substrate 1. The 
operating characteristics of the thin ?lm transistor 3 are 
adversely affected by this electric ?eld, resulting in ?uctua 
tion of its threshold voltage and increase of its leakage 
current. To avoid this, in this invention the buffer layer 2 is 
interposed betWeen the thin ?lm transistor 3 and the glass 
substrate 1. Because this buffer layer 2 has a tWo-layer 
structure made up of SiNX and SiO2 and has an ample 
thickness, it substantially completely shields the thin ?lm 
transistor 3 from electric ?elds forming in the glass substrate 
1. Furthermore, because the buffer layer 2 includes an SiNX 
?lm, it substantially completely blocks vertical movement of 
Na in the same Way as in the related art and thereby prevents 
contamination of the gate insulating ?lm 5. 

[0015] FIG. 2 shoWs a second preferred embodiment of a 
thin ?lm semiconductor device according to the invention, 
and shoWs an example of a bottom gate structure. The basic 
structure is the same as that of the ?rst preferred embodi 
ment shoWn in FIG. 1, and corresponding parts have been 
given the same reference numerals to facilitate understand 
ing. As shoWn in FIG. 2, a thin ?lm transistor 3a has a 
bottom gate structure Wherein a gate electrode G made of 
metal or the like, a gate insulating ?lm 5 and a polycrys 
talline semiconductor thin ?lm 4 are superposed in order 
from the bottom. The thin ?lm transistor 3a having this 
construction is protected and shielded from the glass sub 
strate 1 by a buffer layer 2. The thin ?lm transistor 3a is 
covered by an interlayer insulating ?lm 6, and an intercon 
nection electrode 7S and a pixel electrode 10 are formed on 
the interlayer insulating ?lm 6. The pixel electrode 10 is 
electrically connected to the drain region D of the thin ?lm 
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transistor 3a through a contact hole. A thin ?lm semicon 
ductor device having this construction can be used for 
example in a driving substrate of an active matrix liquid 
crystal display panel. That is, the thin ?lm transistor 3a is 
formed as a sWitching element of a pixel electrode 10. 

[0016] With the bottom gate structure also, as With the top 
gate structure shoWn in FIG. 1, When a bias is impressed on 
the drain region D side the in?uence of this bias causes a 
polariZation of the charge distribution in the glass substrate 
1 to arise and a positive region and a negative region form. 
Therefore, the buffer layer 2 is provided to shield the thin 
?lm transistor 3a from the in?uence of electric ?elds form 
ing in the glass substrate 1. Because in the case of the bottom 
gate structure the gate electrode G made of metal or the like 
is interposed betWeen the polycrystalline semiconductor thin 
?lm 4 and the glass substrate 1, the proportion of the 
semiconductor thin ?lm 4 affected by electric ?elds forming 
inside the glass substrate 1 is less than in the case of the top 
gate structure. That is, even if a biased presence of Na Were 
to occur inside the glass substrate 1 beloW the channel region 
Ch, because in addition to the buffer layer 2 there is a 
shielding effect of the gate electrode G, the channel region 
Ch itself is not so affected by the electric ?eld in the glass 
substrate 1. Furthermore, in the case of the bottom gate 
structure, because With respect to the bias betWeen the 
source region S and the drain region D the gate voltage 
impressed on the gate electrode G is alWays at a potential 
level betWeen the source region and the drain region, biased 
presences of charges inside the glass substrate 1 Would not 
be expected to occur as much as in the case of the top gate 
structure. 

[0017] FIG. 3 is a partial sectional vieW of a third pre 
ferred embodiment of a thin ?lm semiconductor device 
according to the invention. This third preferred embodiment 
is basically the same as the second preferred embodiment 
shoWn in FIG. 2, and corresponding parts have been given 
the same reference numerals to facilitate understanding. The 
point of difference is that in this third preferred embodiment 
the thin ?lm transistor has an LDD (Lightly Doped Drain) 
structure. As shoWn in FIG. 3, the thin ?lm transistor 3a has 
a bottom gate structure Wherein a gate electrode G, a gate 
insulating ?lm 5 and a polycrystalline semiconductor thin 
?lm 4 are superposed in order from the bottom. The poly 
crystalline semiconductor thin ?lm 4 has a channel region 
Ch located directly above the gate electrode G, high con 
centration impurity regions (N+) located on opposite sides 
of the channel region Ch and loW concentration impurity 
regions (N) located betWeen the channel region and the high 
concentration impurity regions. A high concentration impu 
rity region (N+) constitutes a drain region D, and a loW 
concentration impurity region (N) constitutes an LDD 
region. In FIG. 3 only the drain region D side of the thin ?lm 
transistor 3a is shoWn, and the source region S side is 
omitted. In this example at least the LDD region is shielded 
from an electric ?eld forming in the negative region 9 of the 
glass substrate 1 by a buffer layer 2. When an LDD region 
is formed aWay from the gate electrode G, unlike the 
example shoWn in FIG. 2, as in the case of the top gate 
structure shoWn in FIG. 1 the semiconductor thin ?lm is 
in?uenced by charges inside the glass substrate 1. For this 
reason, in this example the buffer layer 2 for Weakening the 
in?uence of charges is provided betWeen the glass substrate 
1 and the polycrystalline semiconductor thin ?lm 4. In this 
example the gate insulating ?lm 5 includes a silicon nitride 
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layer and is superposed With the buffer layer 2 and the tWo 
synergetically protect and shield the thin ?lm transistor 3a. 
The total thickness of the mutually superposed gate insu 
lating ?lm 5 and buffer layer 2 is over 200 nm. Because in 
the bottom gate structure the buffer layer 2 and the gate 
insulating ?lm 5 are superposed and a synergetic electric 
?eld shielding effect is obtained in this Way, it is possible to 
electrically separate the LDD region from the negative 
region 9 of the glass substrate 1 substantially completely. 

[0018] FIG. 4 is a schematic perspective vieW shoWing an 
example of an active matrix liquid crystal display panel 
assembled using the thin ?lm semiconductor device shoWn 
in FIG. 2 or FIG. 3. As shoWn in FIG. 4, the liquid crystal 
display panel is made up of a driving substrate 101 made of 
glass, a facing substrate 102 also made of glass and a liquid 
crystal 103 held betWeen the tWo. Apixel array part 104 and 
a driving circuit part are formed on the driving substrate 101. 
The driving circuit part is divided into a vertical driving 
circuit 105 and a horiZontal driving circuit 106. Also, 
terminal parts 107 for outside connections are formed on a 
peripheral part of the driving substrate 101. The terminal 
parts 107 are connected to the vertical driving circuit 105 
and the horiZontal driving circuit 106 by Way of intercon 
nections 108. The pixel array part 104 comprises mutually 
intersecting gate lines 109 and signal lines 110. The gate 
lines 109 are connected to the vertical driving circuit 105 
and the signal lines 110 are connected to the horiZontal 
driving circuit 106. Pixel electrodes 111 and thin ?lm 
transistors 112 for sWitching these are formed at the inter 
sections of the lines 109, 110. Although not shoWn in the 
draWing, facing electrodes and color ?lters are formed on the 
inner surface of the facing substrate 102. In this invention an 
ordinary glass material is used as the driving substrate 101, 
and the thin ?lm transistors 112 and the pixel electrodes 111 
are formed on the driving substrate 101 after the surface 
thereof is covered With a buffer layer. Also, the vertical 
driving circuit 105 and the horiZontal driving circuit 106 are 
formed at the same time. Therefore, because it is possible to 
use a cheap glass material, it is possible to make a large-area 
active matrix liquid crystal display panel at a relatively loW 
cost. At this time, because a buffer layer having both an 
alkali metal contamination preventing function and an elec 
tric ?eld shielding function is used, there is no risk of the 
glass substrate adversely affecting the reliability or operating 
characteristics of the thin ?lm transistors. 

[0019] As described above, according to the invention, a 
buffer layer is interposed betWeen a glass substrate and a thin 
?lm transistor. This buffer layer includes at least a silicon 
nitride ?lm, and as Well as protecting the thin ?lm transistor 
from alkali metal contamination it has a thickness such that 
it can shield the thin ?lm transistor from an electric ?eld 
created by localiZed alkali metal ions. Consequently, it is 
possible to avoid suffering the affects of electric ?elds inside 
the glass substrate and obtain stable thin ?lm transistor 
operating characteristics. Also, because it is possible to 
prevent alkali metal contamination of the thin ?lm transistor, 
its reliability is improved. 

What is claimed is: 
1. A thin ?lm semiconductor device comprising: 

a glass substrate containing an alkali metal; 

a buffer layer covering the surface of said glass substrate; 
and 
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a thin ?lm transistor formed on said buffer layer and 
having a polycrystalline semiconductor thin ?lm as an 
active layer, 

Wherein said buffer layer includes at least a silicon nitride 
?lm and protects said thin ?lm transistor from alkali 
metal contamination and has a thickness such that it can 
shield said thin ?lm transistor from an electric ?eld 
created by localiZed alkali metal ions. 

2. Athin ?lm semiconductor device according to claim 1, 
Wherein said silicon nitride ?lm has a thickness of at least 20 
nm. 

3. Athin ?lm semiconductor device according to claim 1, 
Wherein said buffer layer has a thickness of at least 100 nm. 

4. Athin ?lm semiconductor device according to claim 1, 
Wherein said thin ?lm transistor has a bottom gate structure 
comprising a gate electrode, a gate insulating ?lm and a 
polycrystalline semiconductor thin ?lm superposed in order 
from the bottom. 

5. Athin ?lm semiconductor device according to claim 4, 
Wherein said polycrystalline semiconductor thin ?lm has 
channel region located directly above the gate electrode, 
high concentration impurity regions located on either side of 
said channel region and loW concentration impurity regions 
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located betWeen said channel region and said high concen 
tration impurity regions, said loW concentration impurity 
regions being shielded from an electric ?eld arising in said 
glass substrate by said buffer layer. 

6. Athin ?lm semiconductor device according to claim 4, 
Wherein said gate insulating ?lm contains a silicon nitride 
layer and is superposed With said buffer layer and the tWo 
synergetically protect and shield said thin ?lm transistor. 

7. Athin ?lm semiconductor device according to claim 6, 
Wherein the total thickness of the mutually superposed gate 
insulating ?lm and buffer layer is at least 100 nm. 

8. Athin ?lm semiconductor device according to claim 7, 
Wherein the total thickness of said gate insulating ?lm and 
buffer layer is at least 200 nm. 

9. Athin ?lm semiconductor device according to claim 1, 
Wherein said buffer layer is of a tWo-layer structure made up 
of a silicon nitride ?lm and a silicon oXide ?lm. 

10. A thin ?lm semiconductor device according to claim 
1, Wherein a piXel electrode is formed connected to at least 
a part of said thin ?lm transistor. 


