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(57) ABSTRACT

A semiconductor element suitable for use in the display
region of a liquid crystal display or for use in the drive
circuit region for driving the display region is comprised of
first, second, third and fourth electrodes; a pair of first
conductivity type semiconductor layers separated from each
other and connected to the second and the third electrodes,
respectively; an intrinsic semiconductor layer connected to
the pair of the first conductivity type semiconductor layers;
and a second conductivity type semiconductor layer formed
on the intrinsic semiconductor layer, wherein an insulating
film is interposed between the first electrode and the intrinsic
semiconductor layer, and the fourth electrode is formed on
the second conductivity type semiconductor layer formed on
the intrinsic semiconductor layer.




US 2003/0160237 Al

Patent Application Publication Aug. 28, 2003 Sheet 1 of 19

FIG. 1

(22

12

Ll L

P77

32

0

30 20 1

31

-y
<
=z
Q
T
Z
L
z Z
o] Q
= S
g =
> I
z 2
-
Z
Ly
n
w
o)
0.
N
1)
W ~ o -
O C
m m — -

(v) Pl LNIHHNO NIVHC

10

Vth

GATE VOLTAGE Vg (V)



Patent Application Publication Aug. 28, 2003 Sheet 2 of 19 US 2003/0160237 A1

FIG. 2

® : ELECTRONS \

O : HOLES



Patent Application Publication Aug. 28, 2003 Sheet 3 of 19

FIG. 5

22

(

US 2003/0160237 Al

)

10
30

31 |
\) =~<xx==\y/ . *

U,r—)—g—l ‘_.——L—_

20 11 33 14 12
V4
17
FIG. 6
/(22
11 10 201 12
e I
...... 321
SN17Z| FEE S 3
oy S T L
) 5 L
33114 301 21
21
4
)



Patent Application Publication Aug. 28, 2003 Sheet 4 of 19 US 2003/0160237 A1

0
FIG. 7 0

rb
O
S
331 X
FIG. 8 .
g
311 l’b-\j 321
s S ! - (12
N N : \\
N\ §§ i \\ M
NNV NN
i - 301
FIG. 9 10/20
X' X X
10 4
22\ N | b 7{
‘ /
— o L
S SRS SN / //

pd |

o0’ \ 301 \ 331




Patent Application Publication Aug. 28, 2003 Sheet 5 of 19

US 2003/0160237 A1
X
331 i
)
rb_ I
11 3”7 \\, (321 12
b . :
NSNS
I E§‘ 7__-_/ \\Q\ \E
\\\&:‘\\\‘:\\ ' — & _ \\\\‘\\\\
[ 17 M- 301
roff
1041 ™20

X
A 11 20 1)0 rb 14
o1 | )
| Z ‘ 17}
\\\\ill,: 1 -—"v:‘|
p, AN



Patent Application Publication Aug. 28, 2003 Sheet 6 of 19 US 2003/0160237 A1

FIG. 12

Vdd
b Q

E?‘-- PMOS

Vin o | : ?_——— Vout

11 ‘( _ NMOS

S
rb Vss

FIG. 13

VoD 106

A

et W
/ 1 . rb
yd

PMOS

NN

b
//’k T
NN
m—\

106

Vin

Vout

e \\\\\\\@

roff

| NMOS
r 77 rb
)

AN

\,\
v

NI
~N

N

105

Vss 106



Patent Application Publication Aug. 28, 2003 Sheet 7 of 19 US 2003/0160237 A1

FIG. 14
NMOS PMOS (22
7
311 14 i
321
] — —— ( !
231 381 331 (10 331 301 10 331
(
1/
FIG. 15
VDD
o 7
| VA% PMOS
Vin N \ Vout
.................. NMOS
rb) /




Patent Application Publication Aug. 28, 2003 Sheet 8 of 19 US 2003/0160237 A1

FIG. 16

<
Al L

| | 30/32 )/ 120 13

) ) 1 30/31
TH 15
1 |
L i 120 o
FIG. 17
22
Y ( :
y Y
15 531 14 44
L .
— { . |
R\\\?Q\\\\/Z\\\\\)A\\\\\\\/&\ N\
TH 30 100 20 30
{




Patent Application Publication Aug. 28, 2003 Sheet 9 of 19 US 2003/0160237 A1

FIlG. 18
(H
v ’ <
{ XiR xic  |xs
A\
s 15
il 5 Kl k)
Y2 a | . | :
iR -
. |
\
A f‘%l I%, Jﬁ i~ }rv%l
Al I ol ka Leur

100



Patent Application Publication Aug. 28, 2003 Sheet 10 of 19

US 2003/0160237 Al
FIG. 19A FIG. 19B
M ‘
141. _:;_ 331 14\ ; 314
=111
X thEg- X T |- 10/20
o |HEF10 L, 11 g0 | i 12
RN [ 1} 1) FC ' ] .
NN NN SO - 5 B e e A Dot md
A \:§11522§\‘ / 2N S I s L :
i . RN ) \
311y 31 331 Z 33

FIG. 19C

.2 7 /)//////// X
_@r\\\\\;\\\\\] , / - |

’ <

3\
50" 10 (a3t 10




Patent Application Publication Aug. 28, 2003 Sheet 11 of 19

US 2003/0160237 A1l
FIG. 20A
100 TH
O~ 14 ¢ 120 13 .
N1 T ( N
N K-
X NS —'@%@i""))(' $
X { N
A rb N
321 \ Egz ::
N
N 11 ::
N N
\ \
N N
\\\\ \\\\\\
NE N
N {120
FIG. 20B
331 14
100 20 :
y ZZK P , 100 X
. IS /ﬁng ,
)
7 \ \1

301 rb



Patent Application Publication Aug. 28, 2003 Sheet 12 of 19 US 2003/0160237 A1

FIG. 21
53
CL1
CL2 3
Vo -
DATA Vdg1 L 2 :
CKV Vin = ! = : = J 3 3 S
Vi = ,
XiR XiG XiB

Y1 R 8 1 |

!

Y

"li.':T
|
|
| |
S

50

mEN
L 1 1|

ﬂaﬁ%jb’ "4
o] | s

~}

51



Patent Application Publication Aug. 28, 2003 Sheet 13 of 19 US 2003/0160237 A1

FIG. 22
vdd2
701 701
Vout
711 711
Vss Vss
Vep1 Vep2 / \_ )
\
‘\V/P TO NEXT STAGE Y

SHIFT REGISTER SHIFT REGISTER BUFFER



Patent Application Publication Aug. 28, 2003 Sheet 14 of 19 US 2003/0160237 A1

FIG. 23A |————0

30 20 10 31 1

.................

.................

PRf........ --,PR

FIG. 23B — S

(R ERE

FIG. 23C

FIG. 23D

22




Patent Application Publication Aug. 28, 2003 Sheet 15 of 19

FIG. 24A

US 2003/0160237 Al

\ N N
( [ (
FIG. 24C L
Ty Y Y Yy Y
A ALY bR Y B B Z Z
My BRI -

311 311

e




Patent Application Publication Aug. 28, 2003 Sheet 16 of 19 US 2003/0160237 A1

FIG. 24D DY




Patent Application Publication Aug. 28, 2003 Sheet 17 of 19 US 2003/0160237 A1

FIG. 25A

10-5 EEERRRRERAENESRENERSRENRRRRERERRERERE

i 10-6 PRESENT INVENTION -
(]
— 107
'_.
&5 108
T 109
8. 10
Z 10'10
é- 1 W/L=3/5 pgm
at 10 VSD=5V
10-12
10~13_|1||I||11I||||l|1|||1||||||1|l||||I||||
-2 -1 0 1 2 3 4 5 6
GATE VOLTAGE VG (V)
DOT LINES : CONVENTIONAL
SOLID LINES ; PRESENT INVENTION
JRCSC 7010 T o o o o I L OO LIS 0 LB
< - .
= 250F Vg=5V =
o : E— ;
— 2-00 N __—-—-"'-""__'— -
Z : ;
o 1.50F -
o N 3
3 1.00F ~——— 3
= 050 e 3
QCJ: ! Vg=3V]
0.00 ——— T T T T T T T T -
WL = 3/5 pm .
Foooobovroa b by verderaaliraed

0 1 2 3 4 5
DRAIN VOLTAGE V p (V)

)}



US 2003/0160237 Al

Patent Application Publication Aug. 28, 2003 Sheet 18 of 19

4

2R

#////(}/////

s 909 /mw b om Ol ONF cc

///7’/’//’%/’/7/7/’\/\

............................

.......................
'R

.......................

NN ~SN B
Om_.\ “...“\ .....
N
AR Y
e
Jm ~ |
Rt A
S
SN
LS | [
INEN
/ 7

el
\ ............ \NN
Lm0 | | o Toe
-l s
905 1 | ¥
L TS

RN

~
(@]
Ty)

.........................

///f////\//////////‘ﬂ////////////’

/ /
mom / Bm NB

9¢ Old



Patent Application Publication Aug. 28, 2003 Sheet 19 of 19 US 2003/0160237 A1

FIG. 27

INCIDENCE
LIGHT
505 ( 530 512 507
7 IZZ 27T TIIZAZZ LI IIFZ 22T ZTAI I I T ZZ 422
507 | |- 508
511 \\
510ﬂw """""" /s 7 7 /./v""[”' i
@) = A =
RI2 7 = = 4 = =
506 1/ 7 & 7 Y
= &= = &, & 1-130
ORN —| & = ==y X &
L TrIr i -1 1111
130
. : .
23|/ ’
22 /




US 2003/0160237 Al

LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a semiconductor
element and a liquid crystal display, and in particular, it
relates to a semiconductor element, suitable for use as a thin
film semiconductor element, and an active matrix addressing
type liquid crystal display using the same.

[0002] As display devices for displaying image informa-
tion and characters for use in the field of office automation
equipment and the like, active matrix addressing liquid
crystal displays using thin film transistors (hereinafter
referred to as TFT) have been known. For this type of
conventional liquid crystal display, further improvements in
resolution and high quality of display, as well as cost
reduction in manufacture, are necessary. In order to solve
these problems, it is most important to improve the perfor-
mance of the thin film transistor, which is a key device to the
active matrix addressing liquid crystal display. In this
regard, in the Conference Record of International Display
Research Conference 1985, page 9, a concept of forming
advanced high performance TFTs on a glass substrate was
proposed, in which peripheral drive circuits for driving a
TFT active matrix are fabricated using TFTs and are inte-
grated with its display unit on the same substrate so as to
reduce the cost of manufacture. With provision of advanced
high performance peripheral drive circuits integrated on the
glass substrate, since other circuits to be mounted externally
and their mounting process can be simplified, a substantial
reduction in the packaging cost can be expected. However,
in order to provide these high performance circuits, devel-
opment of a more improved, sophisticated high performance
TFT is required. In particular, TFTs, which are formed on
polycrystalline silicon (hereinafter referred to as poly-Si)
and appear to be the most promising TFTs suitable for use
in display equipment having integrated peripheral drive
circuits, have further technical problems yet to be solved,
which problems include the need for improvement of the
carrier mobility and a lowering of the threshold voltage Vth.

[0003] A method of operation at a lower voltage by
lowering the threshold voltage Vth of the transistors formed
on an insulator has been proposed, as described in the
Technical Digest of International Electron Device Meeting
1994, pages 809-812, in which a so-called dynamic thresh-
old voltage MOSFET (hereinafter referred to as DTMOS)
which has a fourth contact, separate from the source and
drain, on a semiconductor film acting as a bipolar active
layer, and is in contact with the gate electrode, is proposed
as a submicron silicon-on-insulator (SOI) device.

[0004] In the technique described in the above-mentioned
publication, the threshold voltage of the transistors is sub-
stantially reduced further to lower the operating voltage of
the circuits thereof, thereby lowering the power supply
voltage, and thus minimizing the power consumption in the
drive circuits. This feature of decreased power consumption
achieved by this drive circuit is desirable for use as a drive
circuit and device for a liquid crystal display as well. It
should be noted, however, that the above-mentioned publi-
cation is directed to the provision of logic devices or
memory devices that can be operated at a low voltage and a
high speed, and so they cannot be applied, as they are, to the
drive devices for driving a liquid crystal display.
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[0005] Namely, the semiconductor device, as described in
the aforementioned publication at pages 809-812, is
designed to operate effectively with a gate voltage at 0.6 V
or less, and so this semiconductor device cannot be applied
as it is to a liquid crystal display in which a lower limit of
the gate drive voltage is determined by the liquid crystal
drive voltage. More particularly, at least 3 V in peak
amplitude is required for driving normal liquid crystal
materials, thereby a higher voltage than this minimum peak
voltage is required as the gate voltage for driving pixel drive
transistors in a liquid crystal device. Thus, the semiconduc-
tor device described above, which operates at the gate
voltage less than 1 V, cannot be applied to a liquid crystal
display.

SUMMARY OF THE INVENTION

[0006] An object of the invention is to provide an active
matrix address type liquid crystal display in which the power
consumption can be substantially reduced.

[0007] Another object of the invention is to provide a
small power consumption liquid crystal display having a
built-in drive circuit.

[0008] Still another object of the invention is to provide a
drive circuit for use in a small power consumption liquid
crystal display.

[0009] According to the invention, a semiconductor ele-
ment for use as a switching element to be formed in a display
area of the liquid crystal display or for use as a drive element
to be formed in the area of a drive circuit for driving the
display area is comprised of a first electrode, a second
electrode, a third electrode and a fourth electrode; a pair of
first conductivity type semiconductor layers separate from
each other and connected to the second and the third
electrodes, respectively; an intrinsic semiconductor layer
connected to the pair of first conductivity type semiconduc-
tor layers; and a second conductivity type semiconductor
layer formed on the intrinsic semiconductor layer; wherein
an insulating film is interposed between the first electrode
and the intrinsic semiconductor layer; and the fourth elec-
trode is formed on the second conductivity type semicon-
ductor layer which is formed on the intrinsic semiconductor
layer.

[0010] Preferably, the pair of first conductivity type semi-
conductor layers and the second conductivity type semicon-
ductor layer are separated from each other by the intrinsic
semiconductor layer. Further, according to another aspect of
the invention, the intrinsic semiconductor layer extends in
lateral directions beyond the insulating layer at least towards
the pair of the first conductivity type semiconductor layers
on the substrate.

[0011] The first electrode and the fourth electrode are
electrically connected via a resistance advantageously for
wiring the liquid crystal display.

[0012] The intrinsic semiconductor layer, the first conduc-
tivity type semiconductor layers and the second conductivity
type semiconductor layer are preferably formed of a thin
film semiconductor made either of silicon, silicon germa-
nium or silicon carbide. Further, they may be made of
polycrystalline silicon films as well. In particular, it is
preferable to use polycrystalline silicon films in a drive
circuit built-in type liquid crystal display.
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[0013] The semiconductor element of the invention can be
designed to have a structure either of a planar type, an
inverted staggered type or a positive staggered type. In the
case of the inverted staggered type, a first electrode is
formed on one of a pair of substrates, an insulating layer is
formed on the first electrode, and an intrinsic semiconductor
layer is formed on this insulating layer, then a pair of first
conductivity type semiconductor layers are formed on the
intrinsic semiconductor layer. Further, in the case of the
planar type, the second, the third and the fourth electrodes
are formed on one of the pair of substrates.

[0014] In the cases of both the positive staggered and the
inverted staggered types, it is also possible for either one of
the pair of the first conductivity type semiconductor layers
or the second conductivity be formed by self-alignment
utilizing a counterpart’s pattern as its own masking pattern.

[0015] The semiconductor element of the invention can be
used as complementary N—type and P-type semiconductor
elements which can be formed in the drive circuit region in
the liquid crystal display. More particularly, since a vertical
scanning circuit and a picture signal drive circuit are pro-
vided in the drive circuit region, the complementary semi-
conductor element of the invention can be applied to a shift
register within these circuits. More specifically, when the
semiconductor element of the invention is used in the drive
circuit region in a peripheral circuit built-in type liquid
crystal display, the power consumption thereof can be
reduced effectively and substantially.

[0016] According to the invention, an intrinsic semicon-
ductor layer is formed as an i semiconductor layer between
the first, the second and the third electrodes. Into this
intrinsic semiconductor layer, a current carrier is injected
which has a different polarity from the polarity of a current
carrier in the impurity semiconductor layers of the first
conductivity type which are connected to the second and the
third electrodes respectively. According to this arrangement,
when the impurity semiconductor layers connected to the
second and the third electrodes, respectively, are formed of
an n-type semiconductor layer, there is formed a p-i-n
junction between a current carrier injection layer or the
fourth electrode and the second electrode.

[0017] Further, when a voltage applied across the current
carrier injection layer, i.e., the fourth electrode and the
second electrode, is Vb, the voltage Vb is divided between
an 1-n junction and the 1 layer of the p-i-n junction, thereby
preventing an excess current (base current) from flowing.
Thereby, operation at a low power can be ensured until the
gate voltage (to be applied to the first electrode) increases
substantially. Namely, if a P-type or N-type semiconductor
layer is used in place of the intrinsic semiconductor of the
invention, a full voltage of Vb is applied to the source
junction, and if Vb exceeds a built-in voltage (approximately
0.6 V) of the source junction, an excess current is caused to
flow, thereby rapidly increasing the power consumption. In
contrast, if an active semiconductor layer is comprised of an
intrinsic semiconductor, excess base current will not flow
until a substantially higher gate voltage is applied, thereby
ensuring operation at a low power. In this case, due to
adoption of the p-i-n junction, the degree of drop in the
threshold voltage becomes mild, but it is still substantial
compared to the conventional elements. Due to this drop in
the threshold voltage, it becomes possible to operate the
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liquid crystal driving elements and associated peripheral
circuits at lower voltages, thereby substantially reducing
power consumption in active matrix type displays. BRIEF

DESCRIPTION OF THE DRAWINGS

[0018] These and other objects, features and advantages of
the present invention will be understood more clearly from
the following detailed description when taken with reference
to the accompanying drawings, wherein:

[0019] FIG. 1 isa cross-sectional view of a semiconductor
element according to one embodiment of the invention;

[0020] FIG. 2 is a schematic diagram in cross-section of
the semiconductor element of FIG. 1 indicative of the
principles of operation thereof;

[0021] FIG. 3 is a schematic diagram of energy bands
indicative of the principles of operation of the semiconduc-
tor element of FIG. 1;

[0022] FIG. 4 is a diagram indicative of transfer charac-
teristics of the semiconductor element of FIG. 1;

[0023] FIG. 5 is a cross-section of a semiconductor ele-
ment according to a second embodiment of the invention;

[0024] FIG. 6 is a cross-section of a semiconductor ele-
ment according to a third embodiment of the invention;

[0025] FIG. 7 is an equivalent circuit diagram of a semi-
conductor element according to a fourth embodiment of the
invention;

[0026] FIG. 8 is a plan view of a semiconductor element
according to a fifth embodiment of the invention;

[0027] FIG. 9 is a cross-section of a TFT taken along line
X-X'1in FIG. 8;

[0028] FIG. 10 is a plan view of a semiconductor element
according to a sixth embodiment of the invention;

[0029] FIG. 11 is a cross-section of a TFT taken along line
X-A in FIG. 10;

[0030] FIG. 12 is a circuit diagram of a complementary
type inverter according to a seventh embodiment of the
invention;

[0031] FIG. 13 is a plan view of the complementary type
inverter of FIG. 12;

[0032] FIG. 14 is a cross-section of a complementary type
inverter according to an eighth embodiment of the invention;

[0033] FIG. 15 is a plan view of the complementary type
inverter of FIG. 14, which is a planar type semiconductor
element of the invention;

[0034] FIG. 16 is a plan view of a unit picture element in
a liquid crystal display according to a ninth embodiment of
the invention;

[0035] FIG. 17 is a cross-section of the liquid crystal
display taken along line Y-Y' in FIG. 16;

[0036] FIG. 18 is an equivalent circuit indicative of a
schematic configuration of the liquid crystal display;

[0037] FIGS. 19A and 19B are plan views and FIGS.
19C and 19D are cross-section views of a semiconductor
element according to a tenth embodiment of the invention;
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[0038] FIG. 20A is a plan view and FIG. 20B is a
cross-section of a unit picture element of a liquid crystal
display constructed using the semiconductor element of
FIGS. 19A-19D;

[0039] FIG. 21 is an equivalent circuit of a drive circuit
built-in type liquid crystal display constructed using the
semiconductor element of FIGS. 19A-19D;

[0040] FIG. 22 is a schematic circuit diagram including a
shift register and a buffer used in the drive circuit built-in
type liquid crystal display of FIG. 21;

[0041] FIGS. 23A to 23D are cross-sectional views of a
semiconductor element indicative of steps of a process of
fabrication thereof according to an eleventh embodiment of
the invention;

[0042] FIGS. 24A to 24F are cross-sectional views of a
semiconductor element indicative of steps of a process of
fabrication thereof according to a twelfth embodiment of the
invention;

[0043] FIGS. 25A and 25B are diagrams indicative of
current-voltage characteristics of the semiconductor element
of FIGS. 19A-19D;

[0044] FIG. 26 is a cross-section of a liquid crystal cell of
a liquid crystal display according to a thirteenth embodiment
of the invention; and

[0045] FIG. 27 is a cross-section of a liquid crystal cell of
a liquid crystal display according to a fourteenth embodi-
ment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0046] Preferred embodiments of the invention will be
described in detail with reference to the accompanying
drawings.

[0047] First Embodiment:

[0048] With reference to FIG. 1, a first embodiment of the
invention will be described in the following. FIG. 1 is a
cross-sectional view of a semiconductor element according
to the first embodiment, which has a gate electrode 10 as a
first electrode made of chromium and formed on the surface
of a glass substrate 1. Gate electrode 10 is overlaid by a gate
insulating film 20 consisting of a SiN film. An intrinsic a-Si
layer 30 is formed on gate insulating film 20. On the surface
of the intrinsic a-Si layer 30, there are formed n-type a-Si
layers 31, 32 which are doped with phosphor, and a p-type
a-Si layer 33 which is doped with boron.

[0049] A p-type a-Si layer 33 is formed between a pair of
n-type a-Si layers 31 and 32 on the intrinsic a-Si layer 30 by
self-alignment using the pattern of n—type a-Si layers 31 and
32 as its own masking pattern. Use of the pattern of the
n-type a-Si layers 31, 32 as its own mask pattern thereby to
form the p-type a-Si layer 32 will enable forming both of the
n-type a-Si layers 31, 32 and the p-type a-Si layer 33 by a
single photolithographic process, thereby simplifying the
fabrication process thereof and thus decreasing the produc-
tion cost. Further, as the second and the third electrodes to
be connected to the n—type a-Si layers 31 and 32, respec-
tively, a source electrode 11 and a drain electrode 12 made
of titanium are formed. Further, a base electrode 14 is
formed in contact with the p—type a-Si layer 33 as a hole
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injection electrode. Then, the entire portion of the element is
overlaid by a passivation film 22 made of SiN film, thereby
providing for an n—type field effect transistor according to
the invention.

[0050] Namely, according to this embodiment of the
invention, the majority carrier is an electron, and the minor-
ity carrier is a hole. By applying a positive voltage, which is
positive relative to the source electrode 11, to the base
electrode 14, which is in contact with the p—type a-Si layer
33, the minority carrier of holes is caused to be injected into
the intrinsic silicon layer 30.

[0051] Now, with reference to FIGS. 2 and 3, the opera-
tion of the semiconductor element of FIG. 1 will be
described specifically. In the n-type transistor, with refer-
ence to FIG. 2, a conduction state (ON-state) is realized by
applying positive voltages Vg and Vd, which are positive
relative to source electrode 11, which is at ground potential,
to the gate electrode 10 and the drain electrode 12, respec-
tively. At this time, a positive voltage Vb is applied to the
fourth electrode 14 (hereinafter referred to as the base
electrode) which is in contact with the p+type layer 33
formed on the intrinsic semiconductor layer. By application
of the positive voltage Vb, an n-i-p junction, comprised of
the n+layer 31 in contact with the source electrode 11, the
intrinsic semiconductor layer 30 and the p+layer 33, is
biased in the forward direction, thereby causing holes to be
injected through the p+layer 33 into the intrinsic semicon-
ductor layer. A flow of injected holes is depicted by ¢h.
Then, the injected holes drift toward the source electrode 11,
but are blocked by a potential barrier at an n+/i junction
formed between the n+layer 31 and the intrinsic semicon-
ductor layer 30, thereby being accumulated in the vicinity of
the n+/i junction. The accumulated holes in turn cause the
potential barrier at the n+/1 junction to be lowered. Thereby,
a large amount of electrons are injected from the n+layer 31
into the intrinsic semiconductor layer 30 toward a channel
ch formed at a boundary between the intrinsic-semiconduc-
tor layer 30 and the gate insulating film 20. A flow of
injected electrons is depicted by ¢e. As a result, a substantial
increase in the majority carrier current (electrons) can be
realized by the injection of a small amount of minority
carrier current (holes) according to the invention.

[0052] The status of carrier flows across energy bands at
the source junction along line X-X' of FIG. 2 is depicted in
FIG. 3, where it is indicated that holes injected from the
base electrode 14 are blocked by the potential barrier at the
n+/1 junction so as to be accumulated in the vicinity of the
n+/1i junction. Thereby, the potential energy in the intrinsic
semiconductor layer 30 changes from its initial status prior
to the accumulation of the injected holes, which is depicted
by dotted lines, to a status as depicted by solid lines, thereby
lowering the potential barrier against a mass of electrons
present in the n+layer 31, thereby allowing the mass of
electrons to be injected toward the channel ch as depicted by
de.

[0053] On the other hand, in order to cut-off the transistor,
a negative voltage is applied to gate 10 as well as to base
electrode 14 such that the n-i-p junction is biased in the
reverse direction. When the n-i-p junction is reversely
biased, the injection of holes from the base electrode 14 is
stopped, thereby interrupting the current.

[0054] According to the feature of this embodiment of the
invention, the effect of current amplification in the transistor
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is most significant in a subthreshold region in which electron
current is restricted due to injection from the source elec-
trode 11, and thus the transfer characteristics therein change
such that a current rise becomes steep in the subthreshold
region R with an increasing base current ib as indicated in
FIG. 4, thereby advantageously allowing the threshold
voltage Vth to decrease.

[0055] According to this feature of this embodiment of the
invention as described above, since the intrinsic semicon-
ductor layer 30 is used as its semiconductor layer, when a
voltage Vb is applied between the base and the source, the
voltage Vb is subdivided between the i-layer and the i/n
junction of the p-i-n junction, thereby preventing an excess
base current from flowing until a substantially higher volt-
age is applied across the base and the source, thereby
ensuring operation at a higher gate voltage, for example,
exceeding *5V and at a reduced power consumption.
Thereby, when a semiconductor device having a threshold
voltage which can be lowered is utilized as a liquid crystal
driving element or as a peripheral circuit device thereof, it
becomes possible to lower the voltage to drive the liquid
crystal display, thereby minimizing the power consumption
in the active matrix addressing type display.

[0056] Second Embodiment:

[0057] FIG. 5 is a cross-sectional view of a semiconductor
device according to a second embodiment of the invention.

[0058] The semiconductor device according to the second
embodiment of the invention has a structure of a positive
stagger type TFT, in which a source electrode 11, a drain
electrode 12 and a base electrode 14 each made of chromium
are formed on the surface of a glass substrate separate from
each other. On the surfaces of the source electrode 11 and the
drain electrode 12 there are formed n-type a-Si layers 31
and 32, respectively, and on the surface of the base electrode
14 there is formed a p-type a-Si layer 33. An intrinsic
semiconductor layer (intrinsic a-Si layer) 30 is formed
between the source and base electrodes, between the base
and drain electrodes, and on the surfaces of the n—type a-Si
layers 31 and 32, as well as on the p-type a-Si layer 33. A
gate insulating film 20 made of a silicon nitride (SiN) film
is formed on the surface of the intrinsic semiconductor layer
30, and further a gate electrode 10 made of aluminum is
formed on the gate insulating film 20. Then, the whole
structure of the device described above is encapsulated in a
passivation film 22 made of a silicon nitride (SiN) film.

[0059] In the semiconductor device according to the sec-
ond embodiment of the invention, the majority carriers are
electrons and the minority carriers are holes the first embodi-
ment of the invention.

[0060] According to this arrangement of the second
embodiment of the invention, a positive voltage, which is
positive relative to a voltage at the source electrode 11, is
applied to the base electrode 14, which is in contact with
p-type a-Si layer 33, thereby causing the minority carrier of
holes to be injected into the intrinsic semiconductor layer 30.
Thereby, under the same principle as described with refer-
ence to the first embodiment of the invention, it becomes
possible to lower its threshold voltage and in consequence to
improve its current drivability substantially.

[0061] In this second embodiment of the invention, the
intrinsic semiconductor layer (intrinsic a-Si layer) 30 is
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utilized as its active layer in the same manner as in the first
embodiment of the invention, however, the invention is not
limited thereto, since other semiconducting materials, such
as, for example, polycrystalline silicon (poly-Si) or silicon
germanium (SiGe) films, can be utilized as well to the same
effect.

[0062] Third Embodiment:

[0063] FIG. 6 is a cross-sectional view of a semiconductor
device according to a third embodiment of the invention.

[0064] The semiconductor device according to the third
embodiment of the invention has a structure of a planar-type
TFT, in which a base electrode 14 made of chromium is
formed on a glass substrate 1 in the center portion thereof,
and n-type poly-Si layers 311 and 321 are formed on the
glass substrate separated by base electrode 14 interposed
therebetween. A p—type poly-Si layer 331 is formed on the
surface of the base electrode 14. Further, an intrinsic semi-
conductor layer (intrinsic poly-Si layer) 301 is formed
surrounding both the base electrode 14 and the p-type
poly-Si layer 331. A gate insulating film 201 made of Si02
is formed on a part of the intrinsic semiconductor layer 301,
then, a gate electrode 10 made of aluminum is formed on the
gate insulating film 201. The n-type poly-Si layers 311 and
321 formed in contact in part with intrinsic semiconductor
layer 301 are further connected with a source electrode 11
and a drain electrode 12 both made of chromium, respec-
tively. Then, the source electrode 11, the drain electrode 12
and the gate electrode 10 are surrounded by a protective
insulating film 21, and the entire structure of the device is
encapsulated in a passivation film 22. Also, in this third
embodiment of the invention, the majority carriers are
electrons and the minority carriers are holes as in the first
embodiment of the invention.

[0065] According to this third embodiment of the inven-
tion, when a positive voltage, which is positive relative to a
voltage at the source electrode 11, is applied to the base
electrode 14, which is in contact with p-type poly-Si layer
331, the minority carriers of holes are caused to be injected
into the intrinsic semiconductor layer 301. Thereby, under
the same principle as operation of the semiconductor device
indicated in FIG. 1, it becomes possible to lower the
threshold voltage, thereby substantially improving the cur-
rent drivability.

[0066] Further, according to this embodiment of the inven-
tion, the n—-type poly-Si layers 311 and 321 are formed by
means of self-alignment with respect to the pattern of the
gate insulating film 201 and the gate electrode 10. Namely,
the pattern of the gate insulating film 201 and the gate
electrode 10 is utilized as a mask to form the n—type poly-Si
layers 311 and 321. Thereby, a single step of photolitho-
graphic processing allows provision of both patterns of the
n-type poly-Si layers 311 and 321, as well as the gate
electrode 10, thereby simplifying the process of fabrication
and reducing the cost of manufacture. Still further, there is
another advantage that parasitic capacitances between the
gate clectrode 10 and the source electrode 11, as well as
between the gate electrode 10 and the drain electrode 12, can
be minimized since the width of overlapping of the gate
electrode 10 with the n-type poly-Si layers 311, 312 is
minimized due to the self-alignment processing of the
invention, thereby realizing a faster operation of the device.
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[0067] Fourth Embodiment:

[0068] When a semiconductor device is formed having
four terminals of a gate electrode, a source electrode, a drain
electrode and a base electrode this semiconductor device
having four terminals cannot be applied as it is to a transistor
for use in a liquid crystal display or in its associated drive
circuit, which principally requires three-terminal transistors.
Therefore, in order to utilize this four-terminal transistor, an
additional wiring must be provided for supplying a base
current, which substantially complicates its circuit configu-
ration and increases the area required for the circuits.

[0069] Thereby, with reference to FIG. 7, by taking into
consideration the fact that an npn type bipolar transistor
comprising an n-type a-Si layer 32, a p—type a-Si layer 33
and an n—type a-Si layer 31 is formed between the source
electrode 11 and the channel ch in this field effect transistor
(FET) of the fourth embodiment of the invention, it is
contemplated that a base current can be supplied from the
gate by providing a connection between the base electrode
14 and the gate electrode 10 via a resistance rb having an
appropriate value.

[0070] When the gate and base are connected via resis-
tance rb, the additional wiring that conventionally would
have been required for supplying a base current to the base
electrode can be eliminated, thereby simplifying the wiring
substantially and improving the density of circuit integra-
tion, thereby allowing a finer resolution of display to be
realized.

[0071] Fifth Embodiment:

[0072] FIG. 8 is a plan view of a planar type TFT forming
a fifth embodiment of the invention, and FIG. 9 is a
cross-sectional view of the planar type TFT taken along line
X-X'in FIG. 8.

[0073] According to this embodiment of the invention, an
intrinsic semiconductor layer 301 having a convex planar
pattern and a pattern of a gate electrode 10 disposed in the
center thereof are formed, and on the both sides thereof are
formed n+layers 311 and 321 as the source and drain,
respectively. By way of example, the n+layers 311 and 321
are formed on a glass substrate like the planar type transistor
of FIG. 6. In the upper protruding portion of the intrinsic
semiconductor layer 301 there is formed a p+layer 331,
which serves as the base. The source electrode 11 and the
drain electrode 12 are formed in contact with the n+layer 311
acting as a source and the n+layer 321 acting as a drain,
respectively. A portion extending below the gate electrode
from the intrinsic semiconductor layer 301 (channel) to the
p+layer 331 is not doped with any impurities of P-type or
N-type and forms a high resistance layer rb. The source and
drain of the n+layers 311, 321, as well as the base of the
p+layer 331, are separated by the intrinsic semiconductor
layer 301 from each other.

[0074] Also, in this embodiment of the invention, like the
first embodiment, the majority carrier is an electron and the
minority carrier is a hole. By applying a positive voltage
which is positive relative to the source electrode 11 to base
electrode 14, which is in contact with the p—type poly-Si
layer 331, the minority carrier of holes is caused to be
injected into intrinsic poly-Si layer 301. Thereby, according
to the same principle of operation as in the semiconductor
element of FIG. 1, its threshold voltage can be decreased,
thereby improving its current drive capability.

[0075] Further, by providing an electrical connection
between base electrode 14 and gate electrode 10 according
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to this embodiment of the invention, the operation available
with the three terminal structure as indicated in FIG. 7
becomes possible. In this instance, since the high resistance
layer rb acts to limit the base current, injection of an
excessive base current is prevented, thereby allowing opera-
tion at a low power until the gate voltage increases to
exceed, for example, £5 V.

[0076] Current-voltage characteristics of the TFTs accord-
ing to this embodiment of the invention, such as drain
current to gate voltage characteristics, as well as drain
current to drain voltage characteristics, are compared to
those of conventional TFTs in FIGS. 25A and 25B. It is
clearly indicated in the drawings that TFTs of the invention
have an improved current drive capability which is substan-
tially greater than the conventional TFTs.

[0077] Sixth Embodiment:

[0078] With reference to FIG. 10, a plan view of a planar
type TFT according to a sixth embodiment of the invention
is illustrated. FIG. 11 is a cross-sectional view taken along
line X-A in FIG. 10.

[0079] According to this embodiment of the invention,
like the fifth embodiment, an intrinsic semiconductor layer
301 is formed to have a convex planar pattern, with a pattern
of a gate electrode 10 disposed in the center thereof. On both
sides of the intrinsic semiconductor layer 301 there are
formed an n+layer 311 as the source and an n+layer 321 as
the drain, respectively. Further, a p+layer 331 is formed as
the base in a protruding portion of the convex patterned
intrinsic semiconductor layer 301. Further, in a portion
below the gate electrode extending from the intrinsic semi-
conductor layer 301 (channel) to the p+layer 331, there is
formed a high electrical resistance layer rb which is not
doped with any impurities of P-type or N-type. These
features are the same as those in the fifth embodiment of the
invention. Another feature of this embodiment is character-
ized by provision of an off-set layer roff made of the intrinsic
semiconductor layer 301 between the n+layer 311 as the
source and the n+layer 321 as the drain, and an intrinsic
semiconductor layer 301 (channel) directly below the gate
electrode 10. That is, the n+layers 311 operating as the
source, the layer 321 operating as the drain, and the p+layer
331 operating as the base are arranged so that they are
separated by intrinsic semiconductor layer 301 from each
other. In order to realize such an arrangement, the pattern of
the gate insulating film 20 is arranged to have a larger size
than that of the gate electrode 10, and by utilizing the pattern
of this gate insulating film 20 as a mask pattern for masking
other counterparts, the n+layers 311, 321 operating as the
source and drain or the p+layer 331 operating as the base are
formed advantageously.

[0080] According to this embodiment of the invention,
like the case of the first embodiment, the majority carrier is
an electron and the minority carrier is a hole. In this
arrangement, a positive voltage, which is positive relative to
the source electrode 11, is applied to the base electrode 14,
which is in contact with the p-type poly-Si layer 331,
thereby causing the minority carrier of holes to be injected
into the intrinsic poly-Si layer 301. Thereby, according to the
same principle of operation as the semiconductor element of
FIG. 1, the threshold voltage is successfully decreased,
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thereby improving the current drive capability substantially.
Further, by providing an electrical connection between the
base electrode 14 and the gate electrode 10 according to this
embodiment of the invention, the operation of the semicon-
ductor element having a three-terminal configuration as
indicated in FIG. 7 can be realized. In this configuration,
since the off-set layer roff, as well as the high resistance
layer rb, acts to limit the base current, an excess base current
injection is more effectively prevented, thereby ensuring
operation at a low electric power until the gate voltage is
increased substantially greater. Further, since the off-set
layer acts to mitigate the electrical field present between the
source electrode 11 and the drain electrode 12, the occur-
rence of hot carriers is suppressed, thereby improving the
reliability of the components substantially.

[0081] Seventh Embodiment:

[0082] FIG. 12 is a schematic diagram of a circuit con-
figuration of a complementary (CMOS) inverter using the
semiconductor elements of FIGS. 8 and 9, and FIG. 13 is
a pattern configuration of the inverter circuit of FIG. 12.
This type of inverter may be used, in particular, in the drive
circuit in a liquid crystal display. The complementary
inverter according to this embodiment of the invention is
comprised of a P-type transistor PMOS and an N-type
transistor NMOS, wherein each gate and base in each
transistor are electrically connected via a base resistance rb.
A first wiring electrode 105 coupling gate electrode 10 of the
TFT with the input terminal Vin is provided extending to a
protrusion of a TFT having a convex pattern, and is elec-
trically connected via a second wiring electrode 106 to the
base electrode formed in the protrusion.

[0083] Further, electrodes for supplying a reference volt-
age Vss and a power supply voltage Vdd to the circuit, as
well as an output terminal Vout, are provided by the second
wiring electrode 106. In order to realize a fast circuit
operation, the intrinsic poly-Si film 301, which has a greater
carrier mobility, is used as an active layer. Further, in order
to prevent degradation of the characteristics during opera-
tion due to hot carriers, N-type transistors in which hot
carriers tend to occur are fabricated to have the off-set layer
roff as indicated in FIG. 10.

[0084] Transistors constituting the inverter circuit accord-
ing to this embodiment are enabled to operate at a lower
threshold voltage by the action described above. Thereby,
operation at a lower supply voltage is enabled, advanta-
geously decreasing power consumption in the circuit. Fur-
ther, since the high resistance rb is inserted between the
input terminal and the base electrode 14 of the TFT, an input
current flowing from the input terminal to the source elec-
trode via the base electrode 14 is suppressed, thereby
decreasing power consumption.

[0085] Eighth Embodiment:

[0086] FIG. 14 is a cross-sectional view of a complemen-
tary (CMOS) inverter circuit comprised of the inverted
staggered TFTs indicated in FIG. 1, and FIG. 15 shows the
configuration of the inverter circuit of FIG. 14. The structure
of an N-type transistor indicated to the left side in FIG. 14
is the same as in FIG. 1. However, in order to realize a faster
circuit operation, the intrinsic poly-Si film 301 having a
greater carrier mobility is used as its active layer. The
structure of a P-type transistor indicated to the right side in
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FIG. 14 has a complementary structure with respect to that
of the above-mentioned N-type transistor. Namely, the
n-type poly-Si layers 311, 321 are formed selectively and
partially on the surface of the intrinsic poly-Si film 301, and
further, the P-type poly-Si layers 331 are formed on the
other areas of the surface of the intrinsic poly-Si film 301,
where the n-type poly-Si layers 311, 321 are not formed. In
the above P-type transistor, the minority carrier, which is
electrons, is injected from the base electrode 14 and via the
n-type poly Si layer 311, whereby its threshold voltage is
decreased by the same action as in the N—type transistor.

[0087] Therefore, it becomes possible for the inverter
comprised of semiconductor elements according to the
invention to be switched at a low input voltage yin, thereby
effectively reducing power consumption in the circuit. Fur-
ther, as in the embodiment of FIG. 13, the bases of the
P-type transistor and N-type transistor are connected to
their gate electrodes via a base resistance rb. Thereby, since
an input current flowing from the input terminal to the
source electrode through the base electrode 14 is suppressed,
the power consumption can be substantially reduced.

[0088] Ninth Embodiment:

[0089] FIG. 16 is a plan view of a unit picture element of
a TFT active matrix constructed using the semiconductor
elements of FIG. 1. A cross-section of the structure taken
along line X-X'in FIG. 16 is the same as that of FIG. 1. The
unit picture element of the active matrix is comprised of a
scanning electrode 100 formed on a glass substrate; a signal
electrode 120 formed to intercross with the scanning elec-
trode; a TFT formed in the vicinity of the intersection of
these electrodes, including an intrinsic a-Si film 30, a source
electrode 11 and a base electrode 14 formed on the intrinsic
a-Si film 30; a pattern of an intrinsic a-Si film 30 formed
separate from the intrinsic a-Si film 30 of the TFT and an
n-type a Si film 31; and a picture element electrode 13
connected to the source electrode 11 of the TFT.

[0090] As seen from FIGS. 1 and 17, the base electrode
14 is arranged to electrically contact the p—type a-Silayer 33
which is formed on the surface of the intrinsic a-Si film 30
which constitutes the TFT with a pattern of the n—type a-Si
film 31, which is formed on the surface of an intrinsic a-Si
film 30 formed separate from the p-type a-Si layer 33. A
contact electrode 15 is formed separate from the base
electrode 14 and in contact at its one end with the e-type
a-Si film 31 on the intrinsic a-Si film 30, and at the other end
the contact electrode 15 is connected with scanning elec-
trode 100 via a through-hole TH provided in a gate insulat-
ing film 20.

[0091] 1In this arrangement, the pattern of the n—type a-Si
film 31 formed on the intrinsic a-Si film 30, which is in
contact both with the base electrode 14 and the contact
electrode 15, provides for a base resistance corresponding to
the base resistance 1b in the equivalent circuit of FIG. 7. The
value of resistance rb can be controlled by adjusting the gap
between the base electrode 14 and the contact electrode 15.
Scanning electrode 100 can feed a base current since it is
connected to base electrode 14 via the resistance, thereby
eliminating the necessity of providing additional feeder
wiring, and thereby preventing the aperture ratio of picture
elements from decreasing. Further, since the base resistance
is formed utilizing one of the semiconductor films which
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constitute the TFT, an additional process for forming the
resistance is eliminated, thereby simplifying the process of
fabrication.

[0092] FIG. 18 is a schematic diagram representing an
equivalent circuit of a display constructed using the unit
picture elements of FIG. 16. In the drawing of FIG. 16,
XiG, Xi+1G, . . ., represent picture signal electrodes each
connected to a picture element for forming a green filter G.
Likewise, XiB, Xi+B, . . . , represent picture signal elec-
trodes each connected to a picture element for forming a
blue filter, and XiR, Xi+R, . . . , represent picture signal
electrodes each connected to a picture element for forming
a red filter. Yi, Yi+1, . . . , are scanning electrodes 100 for
selecting picture element columns X1, X2, . . ., and these
scanning electrodes 100 are connected to a vertical scanning
circuit V. The picture signal electrodes are connected to a
picture signal drive circuit H. A block SUP includes a power
circuit for obtaining a plurality of stabilized power supplies
by dividing a single power supply and a converter circuit for
converting information suitable for display on a cathode ray
tube supplied from a host computer to information suitable
for display on a liquid crystal display. Each of a plurality of
display regions surrounded by a plurality of scanning elec-
trodes and a plurality of picture signal electrodes on the
display area formed on the insulated substrate is comprised
of a switching element connected to its associated scanning
electrode and picture signal electrode, a picture element
electrode connected to the switching element, a counter-
posed electrode disposed opposite to the picture element
electrode, and a liquid crystal layer interposed between the
picture element electrode and the counterposed electrode.

[0093] As this switching element provided in each display
region, the semiconductor element of the invention is used.

[0094] By use of the semiconductor element of the inven-
tion as the switching element in each display region, an
output voltage from wvertical scanning circuit V can be
decreased, thereby substantially reducing the power con-
sumption in the liquid crystal display.

[0095] Tenth Embodiment:

[0096] FIG. 19A and FIG. 19B are plan views of a planar
type TFTs according to a tenth embodiment of the invention.
FIGS. 19A and 19B depict N-type and P-type TFTs,
respectively. Further, FIG. 19C is a cross-sectional view
taken along line Y-Y' in FIG. 19A, and FIG. 19D is a
cross-sectional view taken along line X-X' in FIG. 19A.
Other cross-sections along lines A-A', B-B' and Z-Z' of
FIGS. 19A and 19B will be shown in FIG. 24, to be
described later.

[0097] According to this embodiment of the invention, in
the same manner as in the fifth embodiment of the invention,
an intrinsic semiconductor layer 301 having a convex planar
pattern is provided, and a pattern of a gate electrode 10 is
disposed in the center thereof, and n+layers 311 and 321 are
formed as the source and drain on both sides of the intrinsic
semiconductor layer, respectively. Further, a p+layer 331 is
formed as the base in the upper protrusion of the convex
intrinsic semiconductor layer 301. Further, as in the fifth
embodiment of the invention, in a portion extending from
the intrinsic semiconductor layer 301 (channel) under the
gate clectrode to p+layer 331, there is formed a high
resistance layer rb which is not doped with any impurities of
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P—type or N—type. According to this embodiment, an off-set
layer roff made of the intrinsic semiconductor layer 301 is
formed between the n+layers 311, 321 operating as the
source and drain, and the intrinsic semiconductor layer
(channel) immediately below the gate electrode 10. Namely,
the structures of the n+layers 311, 321 operating as the
source and drain and of the p+layer 331 operating as the base
are separated by the intrinsic semiconductor layer 301. In
order to provide for such structures according to this
embodiment, the pattern of the gate insulating film 20 is
formed in a larger size than that of the gate electrode 10, and
then this pattern of the gate insulating film 20 is utilized as
a mask for forming the n+layers 311, 321 operating as the
source and drain, or for forming the p+layer 331 operating
as the base.

[0098] Further, as another feature according to this
embodiment of the invention, as depicted in FIGS. 19C and
19D, gate electrode 10 has a structure such that it extends to
the upper protruding portion of the convex type intrinsic
semiconductor layer 301, and it has a planar pattern having
devoid portions above the p+layer 331 provided as the base
and above the high resistance layer rb, and further the
p+layer 331 as the base and gate electrode 10 extending to
the protruding portion are electrically connected by the base
electrode 14. By providing a connection between the p+layer
331 and the gate electrode 10, the semiconductor device of
this embodiment can be used as a three-terminal semicon-
ductor element. By adoption of this planar circuit pattern in
this embodiment of the invention, the gate electrode 10 and
the base electrode 14 can be advantageously connected
while minimizing an increase in area to be occupied by the
semiconductor device. Further, by removing a part of the
gate electrode 10 disposed on the high resistance layer rb,
changes in the values of the high resistance layer rb due to
a gate voltage can be eliminated, thereby providing a sta-
bilized base current limiting function. Still further, since the
off-set layer roff in addition to the high resistance layer rb
acts to limit the base current, an excess base current injection
can be more effectively prevented, thereby ensuring opera-
tion at a low power until the gate voltage is increased
substantially. Furthermore, since the off-set layer acts to
mitigate electrical field present between the source electrode
11 and the drain electrode 12, generation of hot carriers is
suppressed, thereby substantially improving the reliability of
the semiconductor device,

[0099] FIG. 20A is a plan view of a unit picture element
of a TFT active matrix constructed using the semiconductor
device of FIG. 19A, and FIG. 20B is a cross-sectional view
taken along line X-X' in FIG. 20A.

[0100] This active matrix is comprised of a scanning
electrode 100 formed on the surface of a glass substrate; a
signal electrode 120 formed so as to intercross with the
scanning electrode; a TFT formed in the vicinity of the
intersection of these electrodes, including an intrinsic poly-
Si film 301, a source electrode 11 and a base electrode 14,
each connected to the intrinsic poly-Si film 301 via a
through-hole; and a picture element electrode 14 connected
to the source electrode 11 of the TFT. As can be seen from
FIG. 20B and as indicated in FIG. 19C, base electrode 14
connects the n+layer 331 and the gate electrode 10. By
connecting the base electrode 14 and the scanning electrode
100 in this manner according to the invention, the scanning
electrode 100 is also adapted to feed a base current, hence
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eliminating the necessity of providing additional feeder
wiring, thereby preventing the aperture ratio of the picture
element from being reduced. Still further, since the base
resistance can be formed using a part of the semiconductor
film which constitutes the TFT, an additional process for
forming the resistance is eliminated, thereby simplifying the
process of manufacture of the semiconductor device.

[0101] FIG. 21 shows an equivalent circuit of a display
which is provided by integrating on the same substrate the
drive circuits constructed using the CMOS inverter of FIGS.
12 and 13, and the TFT active matrix of FIG. 20A. This
display is comprised of a TFT active matrix 50 according to
the invention; a vertical scanning circuit 51 for driving the
matrix; a horizontal scanning circuit 53 for dividing a video
signal per scan into a plurality of blocks and supplying them
in a time-sharing manner; data signal lines Vdrl, Vdgl,
Vdbl, . . ., for supplying video signal data; and a switch
matrix circuit 52 for supplying video signals, divided into a
plurality of blocks, to the active matrix. Vertical scanning
circuit 51 and horizontal scanning circuit 53 are constructed
using a shift register and a buffer (to be described later with
reference to FIG. 22), and are driven by clock signals CL1,
CL2, and CKV. FIG. 22 depicts a scanning circuit corre-
sponding to one scanning line. In FIG. 22, numeral 70
depicts a P-type transistor and 71 depicts an N-type tran-
sistor. Each of these transistors has a structure in which its
base and gate are connected via resistance rb. The shift
register operates at a timing using two phase clock signals
(Vepl, Vep2) and inverse clock signals (Vepl, Vep2),
reverses an input voltage and shifts it then to be transferred
to the buffer. At the same time, this signal to be transferred
to the buffer is also input as an input voltage to a shift
register corresponding to the subsequent scanning line. The
buffer outputs a pulse voltage at a maximum voltage of
Vdd2, which becomes a scanning voltage for the active
matrix display.

[0102] It has been confirmed that the shift register of a
complementary type TFT using the semiconductor device
according to the invention is able to operate at a half of the
power consumption normally required with the conventional
shift registers using conventional TFTs. Further, since TFTs
for constituting the active matrix are constructed using the
semiconductor device according to the invention, the output
level or Vdd2 of the scanning circuit has been halved
compared to the conventional level. Thereby, the total power
consumption of the whole active matrix substrate has been
reduced to one third of the conventional.

[0103] Although the planar type TFT was used in the
above-mentioned embodiment of the invention, the inven-
tion is not limited thereto, since the inverted staggered type
or staggered type TFTs as indicated in FIGS. 1 or 2 may be
used as well. It should be noted, however, that since in the
planar type semiconductor device the parasitic capacitance
between the gate and source or drain can be reduced, a faster
operation can be attained.

[0104] Eleventh Embodiment:

[0105] FIGS. 23A to 23D illustrate respective fabrication
steps in cross-sectional view of the semiconductor device of
the invention depicted in FIG. 1. A Cr film is accumulated
by sputtering on the surface of a glass substrate 1 to a
thickness of 100 nm and is patterned into a predetermined
planar shape using a known photolighography process so as
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to provide a gate electrode 10. Then, over the entire area of
the substrate, including the surface of the gate electrode 10,
there are formed a silicon nitride (SiN) film 20, an intrinsic
amorphous silicon (a-Si) film 30, and an n-type a-Si film 31,
sequentially using the plasma CVD method. The respective
film thicknesses are 350 nm for the SiN film, 200 nm for the
intrinsic a-Si film and 40 nm for the n—type a-Si film (see

FIG. 23A).

[0106] After having patterned the intrinsic a-Si film and
n-type a-Si film into predetermined planar shapes, a photo-
resist PR having a predetermined planar shape is formed on
an n—type a-Si film 31 such that by using the photo-resist as
its mask, the n—type a-Si film 31 is patterned into a prede-
termined shape by plasma etching, that is, the n—type a-Si
film 31 is separated into two parts including the n-type a-Si
film 31 and the n-type a-Si film 32 (see FIG. 23B).

[0107] Subsequently, an ion beam IB which contains
boron is irradiated over the entire area on the substrate with
the photo-resist still remaining, thereby forming a p-type
a-Sifilm 33 in an area on the surface of the intrinsic a-Si film
30 from which the n-type a-Si film 31 was removed partially
(refer to FIG. 23C).

[0108] Then, after having removed the photo-resist PR, Cr
and Al are sputtered to a thickness of 40 nm and 400 nm,
respectively, and are each patterned into a predetermined
shape so as to provide for a source electrode 11, drain
electrode 12 and base electrode 14, respectively. Finally, a
SiN film is formed by the plasma CVD method to a
thickness of 400 nm as a passivation film 22, thus complet-
ing the fabrication of the semiconductor element of the
invention (refer to FIG. 23D).

[0109] According to this embodiment of the invention,
p-type a-Si layer 33 is formed by self-alignment with
respect to the patterns of the n—type a-Si layers 31 and 32.
That is, the p-type a-Si layer 33 is formed utilizing the
patterns of the n—type a-Si layers 31, 31 as its own mask.
Thereby, both the n—type a-Si layers 31, 32 and the p-type
a-Si layer 33 can be formed advantageously by one photo-
lithographic process according to the invention, thereby
simplifying the process of fabrication and reducing the cost
of manufacture.

[0110] Twelfth Embodiment:

[0111] With reference to FIGS. 24A to 24F, fabrication
steps in the process of fabricating the complementary
(CMOS) semiconductor device indicated in FIGS. 19A to
19D according to the invention are illustrated in respective
cross-sectional views. In FIGS. 24A to 24F, sections indi-
cated by A-A', Y-Y', B-B', Z-Z' correspond respectively to
cross-sections indicated by A-A7, Y-Y', B-B', Z-Z' in FIGS.
19A to 19D.

[0112] After forming an intrinsic a-Si film 30 on a glass
substrate to a thickness of 50 nm by the LPCVD method, a
high intensity XeCl excimer laser beam LASER is irradiated
at an energy density of 330 mJ/cm? from the above such that
the intrinsic a-Si film 30 is caused to melt and recrystallize
to obtain an intrinsic polycrystalline silicon (poly-SI) film
301 (refer to FIG. 24A).

[0113] After patterning the poly-Si film 301 into a prede-
termined planar pattern, a SiO, film is formed to a thickness
of 100 nm by the plasma CVD method, and an Al film is



US 2003/0160237 Al

formed to a thickness of 100 nm by the sputtering method,
and they are patterned into respective planar patterns so as
to provide a gate insulating film 20 and a gate electrode 10
(refer to FIG. 24B).

[0114] After forming a photo-resist pattern PR1 having a
predetermined shape, and by using patterns of the photore-
sist PR1 and gate electrode 10 as its mask, an ion beam 1P
which contains phosphor is irradiated to form an n-type
poly-Si layer 311 (refer to FIG. 24C).

[0115] After having removed the photo-resist pattern PR1,
another photo-resist pattern PR2 is formed, and by using
patterns of the photo-resist PR2 and gate electrode 10 as its
mask, an ion beam which contains boron is irradiated
thereover, thereby forming p—type poly-Si layers 331. After
having removed the photo-resist pattern PR2, an XeCl
excimer laser beam is irradiated once again thereover at an
energy density of 200 mJ/cm? so as to activate injected
phosphor and boron, thereby decreasing the electrical resis-
tance of the n—type poly-Si layer 311 and p-type poly-Si
layer 321 (refer to FIG, 24D).

[0116] Then, an SiO2 film is formed by the plasma CVD
method to a thickness of 300 nm as a passivation film 22,

which is then patterned into a predetermined pattern, as
depicted in FIG. 24E.

[0117] Finally, Cr and Al are deposited to a thicknesses of
40 nm and 400 nm, respectively, by sputtering, and then they
are patterned into respective patterns to provide for a source
electrode 11, drain electrode 12 and base electrode 14,
thereby completing the process of fabrication of the semi-
conductor element of the invention, as indicated in FIG.
24F.

[0118] Thirteenth Embodiment:

[0119] FIG. 26 is a diagram in cross-section of a liquid
crystal display according to the invention. On a glass sub-
strate 1 disposed below a liquid crystal layer 506 disposed
in the center portion in FIG. 26, there are formed a scanning
signal electrode 10 and a picture signal electrode 120 both
intercrossing in the form of a matrix, a TFT which is formed
in the vicinity of the intercrossing, and a picture element
electrode 13 made of ITO which is driven via the TFT. On
a counterposed glass substrate 508 disposed opposite to the
glass substrate 1 with respect to the liquid crystal layer 506,
which is interposed therebetween, there are formed a coun-
terposed electrode 510 made of ITO, a color filter 507, a
color filter protection film 511 and a shading film 512 which
forms a shading black matrix pattern. The center portion of
FIG. 26 represents a cross-section of one picture element
portion, the left side portion of the drawing represents the
left side end portion in cross-section of a pair of glass
substrates 1 and 508 wherein an external lead terminal is
provided, and the right side portion of the drawing repre-
sents the right side end portion in cross-section of the pair of
glass substrates 1 and 508 wherein no external lead terminal
is provided.

[0120] Seal material SL, provided on both sides of the left
end portion and the right end portion, is formed so as to seal
the liquid crystal layer 506, and is formed along the whole
portion of the periphery of the pair of glass substrates 1 and
508 except for a liquid crystal injection port (not shown).
The seal material may be made of epoxy resin, for example.
Counterposed electrode 510 provided on the counterposed
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glass substrate 508 is connected at least at a part thereof to
the external lead wiring on the glass substrate 1 via silver
paste SIL. This external connection wiring is formed in the
same fabrication process as employed for the scanning
signal wiring 10, source electrode 11, picture signal wiring
120 and base electrode 14. Respective layers of orientation
film ORI1, ORI2, picture element electrode 13, protection
film 22, and gate SiN film 20 are formed inside the seal
material SL. Polarization plate 505 is formed on each outer
surface of the pair of glass substrates 1 and 508.

[0121] Aliquid crystal layer 506 is interposed between the
upper orientation film ORI1 and the bottom orientation film
ORI2 which set the orientation of the liquid crystal mol-
ecules, and the liquid crystal is sealed by the seal material
SL. The bottom orientation film ORI1 is formed in the upper
portion of protection film 20 on the glass substrate 1. On the
internal surface of the counterposed glass substrate 508,
there are formed sequentially by lamination shading film
512, color filter 507, color filter protection film 511, coun-
terposed electrode 510 and the upper orientation film ORI2.
This liquid crystal display is constructed by the steps of
separately forming the layers on the glass substrate 1 and the
layers on the counterposed glass substrate 508; laminating
the glass substrate 1 and the counterposed glass substrate
508; and sealing the liquid crystal 506 in a space therebe-
tween. Then, a TFT driven color liquid crystal display is
provided by effecting adjustment of the transparency of light
from a backlight BL using picture element electrode 13.

[0122] Since the semiconductor device according to the
invention described above is used as a TFT to drive the
picture element electrode 13 at a reduced voltage, liquid
crystal displays capable of operating at a reduced power
consumption have been realized.

[0123] Fourteenth Embodiment:

[0124] FIG. 27 is a diagram in cross-section of a reflection
type liquid crystal display according to the invention. Only
a cross-section of a picture element portion is indicated. On
a glass substrate 1 provided below a liquid crystal layer 506,
which is in the center portion in FIG. 27, there are formed
a scanning signal electrode 10 and a picture signal electrode
120 intersecting each other in the form of a matrix, and a
TFT is formed in the vicinity of the intersection for driving
a picture element electrode 130 provided thereon. According
to this embodiment of the invention, the picture element
electrode 130 is made of Al. On the internal surface of
counterposed glass substrate 508 disposed opposite to the
glass substrate 1 via the liquid crystal layer 506, there are
formed counterposed electrode 510, color filter 507, color
filter protection film 511, and a shading film §12, which
forms a shading black matrix pattern. Further, a phase plate
530 for shifting the phase of the light and a polarization plate
505 are formed on the outer surface of counterposed glass
substrates 1, 508. Respective layers of orientation films
ORI1 and ORI2, a picture element electrode 13, a protection
film 22, and a gate SiN film 20 are formed inside a seal
material (not shown). The liquid crystal layer 506 is inserted
between the upper and the bottom orientation films ORI1
and ORI2, which set the orientation of the liquid crystal
molecules, and the liquid crystal is sealed by the seal
material. The bottom orientation film ORI1 is formed in the
upper portion of the protection film 22 on the glass substrate
1. On the internal surface of counterposed glass substrate
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508, there are formed in lamination sequentially a shading
film 512, a color filter 507, a color filter protection film 511,
a counterposed electrode 510 and the upper orientation film
ORI2. This liquid crystal display of the invention is fabri-
cated by the steps of separately forming layers on the glass
substrate 1 and on the counterposed substrate 508; then,
laminating both the glass substrate 1 and the counterposed
substrate S08; and sealing the liquid crystal 506 in a space
therebetween.

[0125] Since this embodiment of the invention is of a
reflection type display, incident light comes from a light
source Provided outside the counterposed glass substrate
508, and this incident light is reflected from a mirror-
finished surface of the picture element electrode 130. ATFT
driven reflection type color liquid crystal display according
to the invention is thus provided in which the intensity of the
reflected light is adjusted in the portion of liquid crystal layer
506. In this type of reflection type display, since the back-
light which consumes considerable electric power is elimi-
nated, a low power consuming liquid crystal display can be
realized. Further, if the above-mentioned semiconductor
device of the invention is utilized as TFTs for driving the
picture element electrode 130 and/or TFTs for constituting
associated peripheral drive circuits, since the electric power
consumed in the active matrix substrate components can be
reduced, there can be realized a very low power consuming
liquid crystal display. This type of liquid crystal display of
the invention is most preferable for use as an image display
device in a portable information terminal which is driven by
dry cells.

[0126] As described heretofore, there is an advantage
according to the invention in that the field effect semicon-
ductor device of the invention can reduce its threshold
voltage substantially, thereby decreasing the operating volt-
age of its circuit or active matrix, and thereby reducing the
power consumption in the display.

What is claimed is

1. A liquid crystal display having a pair of substrates at
least one of which is transparent and a liquid crystal layer
held between said pair of substrates, wherein

on one of said pair of substrates there are formed a
plurality of semiconductor elements disposed in a
matrix; wherein

each of said plurality of semiconductor elements com-
prises: a first, a second, a third and a fourth electrodes;
a pair of a first conducting type semiconductor layers
separate from each other and connected to said second
and said third electrodes, respectively; an intrinsic
semiconductor layer provided in contact with both the
pair of the first conducting type semiconductor layers;
and a second conducting type semiconductor layer
formed on the intrinsic semiconductor layer, and
wherein

said first electrode is formed on said intrinsic semicon-
ductor layer via an insulating film, and

said fourth electrode is formed on the second conducting

semiconductor layer which is formed on said intrinsic
semiconductor layer.

2. A liquid crystal display according to claim 1, wherein

said pair of the first conducting type semiconductor layers
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and said second conducting type semiconductor layer are
separated from each other by said intrinsic semiconductor
layer.

3. A liquid crystal display according to claim 2, wherein
the intrinsic semiconductor layer has a region extending
greater than a region of the insulating layer toward said pair
of the first conducting type semiconductor layers on said
substrate.

4. A liquid crystal display according to claim 1, wherein
said first electrode and said fourth electrode are electrically
connected via a resistance.

5. A liquid crystal display according to claim 1, wherein
said intrinsic semiconductor layer, said first conducting type
semiconductor layers, and said second conducting type
semiconductor layer are comprised of a semiconductor film
made of either one of silicon, silicon germanium and silicon
carbide.

6. A liquid crystal display according to claim 1 wherein
said intrinsic semiconductor layer, said pair of the first
conducting type semiconductor layers, and the second con-
ducting type semiconductor layer are made of a polycrys-
talline silicon film, respectively.

7. A liquid crystal display according to claim 1, wherein
said plurality of the first conducting type layers and said
second conducting type semiconductor layer are an N-type
semiconductor and a P-type semiconductor, respectively.

8. A liquid crystal display according to claim 1, wherein
said intrinsic semiconductor layer is injected with a current
carrier from the fourth electrode via the second conducting
type semiconductor layer.

9. A liquid crystal display according to claim 1, wherein
said first, said second, said third and said fourth electrodes
correspond to a gate, a source, a drain and a base electrodes,
respectively.

10. A liquid crystal display according to claim 1, wherein
each of said plurality of semiconductor elements has a
structure either of a planar type, an inverted staggered type
or a normal staggered type.

11. A liquid crystal display according to claim 10 wherein
said first electrode is formed on one of said pair of sub-
strates, said insulating layer is formed on said first electrode,
said intrinsic semiconductor layer is formed on said insu-
lating layer, and said pair of the first conducting type
semiconductor layers are formed on said intrinsic semicon-
ductor layer.

12. Aliquid crystal display according to claim 10 wherein
said second electrode, said third electrode and said fourth
electrode are formed on one of said pair of substrates.

13. A liquid crystal display having a pair of substrates at
least one of which is transparent, and a liquid crystal layer
which is held between said pair of substrates, wherein

one of said pair of substrates has a display region and a
drive circuit region for driving said display region
disposed on the surface thereof, wherein

in said drive circuit region, there are formed a plurality of
complementary N—type and P-type semiconductor ele-
ments which constitute a shift register, wherein

cach one of said N-type semiconductor elements formed
in said drive circuit region comprises: a first, a second,
a third and a fourth electrodes; a pair of N-type
conducting semiconductor layers separated from each
other and connected to said second and the third
electrodes, respectively; an intrinsic semiconductor
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layer connected to said pair of N-type conducting
semiconductor layers; and a P-type conducting semi-
conductor layer which is formed partially on said
intrinsic semiconductor layer, wherein said first elec-
trode is formed on said intrinsic semiconductor layer
via an insulating film, and said fourth electrode is
formed on the P-type conducting semiconductor layer
which is formed partially on said intrinsic semiconduc-
tor layer, and

each of said plurality of P-type conducting semiconduc-
tor layers formed in said drive circuit region comprises:
a first, a second, a third and a fourth electrodes; a pair
of P-type conducting semiconductor layers which are
formed separate from each other and connected to said
second and said third electrodes, respectively; an intrin-
sic semiconductor layer connected to said pair of
P-type conducting semiconductor layers; and an
N-type conducting semiconductor layer formed on the
intrinsic semiconductor layer, and wherein said first
electrode is formed on said intrinsic semiconductor
layer via an insulating film, and said fourth electrode is
formed on the N-type conducting semiconductor layer
which is formed on said intrinsic semiconductor layer.

14. Aliquid crystal display according to claim 13, wherein
said semiconductor element formed in said display region is
an N-type semiconductor element.

15. Aliquid crystal display according to claim 14, wherein
said N-type semiconductor element formed in said display
region comprises: a first, a second, a third and a fourth
electrodes; a pair of N-type conducting semiconductor
elements formed separate from each other and connected to
said second and said third electrodes, respectively; an intrin-
sic semiconductor layer connected to said pair of N-type
conducting semiconductor layers; and a P-type conducting
semiconductor layer formed on the intrinsic semiconductor
layer, wherein said first electrode is formed on said intrinsic
semiconductor layer via an insulating film, and said fourth
electrode is formed on the P-type conducting semiconductor
layer which is formed said intrinsic semiconductor layer.

16. Aliquid crystal display according to claim 13, wherein
the semiconductor elements formed in said display region
and said drive circuit region are either of a planar type,
inverted staggered type and normally staggered type.

17. Aliquid crystal display according to claim 13, wherein
the intrinsic semiconductor layer, N-type conducting semi-
conductor layer and P-type conducting semiconductor layer
are made of a polycrystalline silicon film, respectively.

18. Aliquid crystal display according to claim 13, wherein
said pair of N-type conducting semiconductor layers and
said P-type conducting semiconductor layer are separated
from each other by said intrinsic semiconductor layer.

19. Aliquid crystal display according to claim 18, wherein
a region of said intrinsic semiconductor layer in a vertical
direction of said substrate extends more than a region of said
insulating layer at least toward said pair of N-type conduct-
ing semiconductor layers.

20. Aliquid crystal display according to claim 13, wherein
said first and said fourth electrodes are electrically con-
nected via an electric resistance.

21. A liquid crystal display having a pair of substrates at
least one of which is transparent, and a liquid crystal layer
which is held between said pair of substrates, wherein
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one of said pair of substrates has a display region and a
drive circuit region for driving said display region
disposed on the surface thereof, wherein

said display region has: a plurality of scanning signal
electrodes and a plurality of picture signal electrodes
intercrossing with said plurality of scanning electrodes
in a matrix; a plurality of N-type semiconductor ele-
ments formed at crosspoints corresponding to intersec-
tions between said plurality of scanning signal elec-
trodes and said plurality of picture signal electrodes;
and a plurality of picture element electrodes connected
to said semiconductor elements respectively, and

said drive circuit region has a plurality of complementary
N-type and P-type semiconductor elements formed
thereon, which constitute a vertical scanning circuit and
a picture signal drive circuit, wherein,

said N-type semiconductor element formed in said dis-
play region or in said drive circuit region comprises: a
first, a second, a third and a fourth electrodes; N-type
conducting semiconductor layers connected to said
second and said third electrodes, respectively; an intrin-
sic semiconductor layer connected to these N-type
conducting semiconductor layers; and a P-type con-
ducting semiconductor layer formed on the intrinsic
semiconductor layer, wherein said first electrode is
formed on the intrinsic semiconductor layer via an
insulating film, and said fourth electrode is formed on
the surface of the P-type semiconductor layer which is
formed on said intrinsic semiconductor layer, and

said P-type semiconductor element formed in said drive
circuit region comprises: a first, a second, a third and a
fourth electrodes; P-type conducting semiconductor
layers connected to said second and said third elec-
trodes, respectively; an intrinsic semiconductor ele-
ment connected to these P-type conducting semicon-
ductor layers; and an N-type semiconductor element
formed on the intrinsic semiconductor layer, wherein
said first electrode is formed on the intrinsic semicon-
ductor element via an insulating film, and said fourth
electrode is formed on the N-type conducting semi-
conductor layer which is formed on the intrinsic semi-
conductor element, and wherein

said first electrode is connected to said scanning signal
electrode, said second electrode is connected to said
picture signal electrode, and said fourth electrode is
connected to said first electrode via an electric resis-
tance.

22. Aliquid crystal display according to claim 21, wherein
said pair of N-type conducting semiconductor elements and
said P-type conducting semiconductor element are sepa-
rated from each other by said intrinsic semiconductor layer.

23. Aliquid crystal display according to claim 22, wherein
said intrinsic semiconductor layer has a region extending
further than a region of said insulating layer toward said pair
of N-type conducting semiconductor layers on said sub-
strate.
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