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ACTIVE MATRIX 2ANEL

The invention rslates o an active matrix panel.
aczive matrix .iguid crystal panel

PO

A conventicnal
as disclosed in "SID-83 digest pp. 156 - 157, B/W and
colour LC video displays addressed by polysilicon TFTs"
(Morozumi et al) is illustrated in :igure 19. Such-an
active matrix ;anei 1 comprises a picture element matrlx
2, which utilises thin £ilm transistors and which is
Zormed on a transparent substrate. Gate line drive
circuits and source line drive circuits 4, in the form
of MOS integrated circuits composed of mono-crystal
silicon, are attached to the edges cf the active matrix
vanel 1 as shown, each drive circuit 4 belng mounted on-

—
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a respective flexible substrate 3 and being connected'to
the ?ic:ure element mat:;x Z of the active matrix panel
1 at pads S. A nount-“g substrate 6 provides both _
mechanical supporrz for the flexible sunstrates 3 and the
active matrix canel : znd electrical connection between
the drive ci:é'i“s 4 and external uzrcultry (not shown}).

N - ™his ccnvencti ionel arrangement has the follow1ng

disadvantages:

(1), High resolution ig prevented.

In the prior arz, each source cr gate line of the
active matrix panel I .is connected tc the associated
drive circuit 4 atc a respective pad S so that close
poéitioning cf the picture elements is limited by the

pad interval required Zor forming the connections during

~dounting. Therefore, mass producticn of the active

A

matrix panel with a cicrture eiement spacing of 100

microns or less is very difficult and so high resolution

cannot e obtained.
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{2) diniacurisacicn cf the display device is
crevencad. '

% the ccaventicnai arrangement shown in Figure
19, =each drive circui:z ¢ is mounted outside the active
matrix canel I so zhat the external dimensions of the
mounting substrate 3 have to be a fourth or £ifth as
larée again as the dimen 51chs cf the picture element
matrix 2. Therefore, ke almenszons of the display
device employing the ive matrix panel 1 must
inevitably be- 1arcer than the a1menszons of the picture
element matrix 2, wnlch is the portion contributing to
the display, and this limits the:eppliéation of the
active matrix panel in z micro-monitor, such as a view
Zinder Zor a video camerza.
{(3) The production ccst is eXpensive.’

. The production cf z display device employing the
arrangement shown In Figure 19 involves the process of
connecting the flexibie substrates 3 with the active
matrix panel I, the prccess of connecting the drive
circuiis 4 wit:z the Zisxiple substrates 3, and the

process of mounting th flexible substrates 3 and the

fi

‘active matris panei . ca the mounting substrate 6,

which renders preducticn expensive.
4) The reliabiiity is low.

' Sue to the many cocnnections, Zor example between
he flexible substrates 3

ct

the active matrix canel . and
and ctetween the drxve circuits 4 and the flexible
substraces 3, and che stresses applied to the
cocnnecting portions in use, the connecting strength has
been fcund to be insuifficient. Thus, the reliability
of the whole display device is inherently low, whereas
the expense of ensuring reliability is great.

Zc is an object ¢i the invention to overcome the

above croblems and to ¢

cvide an improved active matrix

rt
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panel which is inexpensive and has a sma]l size and which is capable of both tugh
resolution and high reliability.

According to a first aspect of the present mvennon there is provided an acuve
matrix panel comprising a plcture element matnx -which is mounted ona ttansparent
substrate and which mcludes a plurahty of gate lines, a plurdlity of source lines and a
plurahty of picture elements, éach of the pxcture elements mcludxng a thin ﬁlm uansxstor
the active matrix panel further compnsmg a gate lme drive circuit and a source. lme dnve
circuit and being charactensed in that at least one of the gate lme drive circuit and the
source line drive circuit compnses a plurality of complementary thln film transxstors
prov1ded on the transparent substrate having a gate length shorter than that of the thin
film transistors of the picture element matrix. |

Preferably each picture element includes a storage capacitor formed
simultaneously therewith.

Such an active matrix panel can advantageously be
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amployed in an electriz view nder for a video camera,

a monitor Icor a zortable YTR and the like.

The invention will te described. further, by way of
exampie, with reference to the accomnanylna drawings,
in Jnl-..

“igure 1 is a circuit diagram of an active matrix
panel embodying the present invention;

Flgures 2 {(a) to z (f) show examples ci the
qetalLea structure of a drive circuit shown in Figure 1;

*-gures 3 (a) ana 2 (b) are cross sections through
parts or ‘the act*ve macrix panel shown in Figure 1;

' Figures.- {a) o 4 (&) illustrate stages in the

method .of manufacturing an active matrix panel according

to the present invention;
Figure 53 is a graph showing thé characteristic of

a thin £ilm transistor employed in the invention in

cemparison with that ci & mono-crystalline silicon

MOSFET;
Tigure 6 is a diagram £for -llustratlng the terms

"cate _ength“ and "gate width':
igure 7 is a cross sectional view through a thin

tx]

film transistor employed in the invention showing

depletion layer width and Z£ilm thickness 1n a layer of
silicen thin £ilm;
FTigures 8, 9,
odification cf the active matrix panel;
Figures 11 (a) aad 12 (b) illustrate a second

-

0 {2) and 10 (b) illustrate a first

g

modification of the active matrix panel;

FTigure 12 illustrate a third modification of the
active matrix panel:

Tigures 13 (a) and.ls (b) illustrate a fourth
modification cf the active matrix panel;

Tigure 14 illustrates a fifth modification of the

active matrix panel;
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‘z) illustrate a sixth
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modificatica cf =he active patrix rcanei;
Tigures -5 (a) and .5 {b) illuscrate a seventh L

modification cf the active matrix panel; O
Tigure .7 is a diagram illustrating a first

- application of the active matrix panel;

Figure 18 is a diagram illustrating a second

application cf the active matrix panel; - and

Tigure 19 is a circuit diagram of an active matrix ¢

panel according to the prior art.. _

Figure 1 shows an embodiment ci the invention,
wherein an active matrix panel 11 ccmorlses a source
line érive circuit .2, a gate line drive circuit 21,
and a picture element matrix 22, : all being of comple-
mentary metal cxide semi-conductor structure (herein-
after referred to as a CMOS structure) made of'silicon
thin film and fcrmed on the same transparent substrate.
The source line drive circuit 12 includes a shift
register 13, = sample and hold circuit comprising thin film
transistcers 17, 18 and -9 (hereinafter referred to as
mFTs) and video signal buses 14, 15 and 16. The gate
line érive circuit 2i iaciudes a shift register 20, and
it may also incliude a buffer 23 if cccasion demands.
The picture element matrix 22 includes a plurality of
, 27, a2nd 28 connected to the source line
ality of cate lines 24 and 25

(o))

source iines 2

8]

[

drive circuit 1

ine drive circuit 21, and a .

' ap
5
-

connected tc the gate
olurality of plc:ure elements 32 and 23 formed at inter-
secticns of the source and gate lines. Each picture

element 32, 33 inciudes a TFT 29, and a liquid crystal
cell 30, which ccmprises a pictdre element electrode,
and opposite electrode 31 and a layer of liquid crystal
material ktetween the electrodes. It is possible for
other c:rcuits, such as a counter or a de-coder having

- -
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the Zunction cf seliecting the source lines and the gate
~ines iIn order, =c ze substituted for the Shlft
registers i3 and 20. A cicck signal CLX, a start
signal 2X and video sz g.als V1, V2 and V3 are supplied'
1n use to input termizals 34, 35 and 36 respectively of
the source line drive c‘* uit 2. A clock signal CLY
and a start sigral 3Y are supplied to input terminals 37
and 38 respectively cZf the gate line drive circuit 21.
The shift regiszefs 33 and 20 shown in Figure 1
can ke static or dynamic-circuits composed of comple-
mentary TFTs, fconSLStzﬁg.of P type and N type TFTS,_-or
they can be dynamic cr static circuits composed of mono-
conductive TFTs. Given the performance of a TFT as a
device, a static type cf circuit composed of comple-'
mentary TFTs is the cptimum one. Since a TFT for an
active matrix panel :s generally formed on an insulating
substrate with pcly-crystaiiine or amorphous silicon, a
smaller ON current and a larger OFF current are produced
than is the case with a metal oxide semi-conductor field
effect transistor (hereinarfter *eferred to as a MOSFET)
The reason for this is that the trap aen51ty exlstlng in
a silicen thin film is very high in comparison with that
in & mono-cr ysta;l_ne silicon whereby the carrier
mobilicy is low and :e—ccmbination of carriers at a P-N
junc:;cn which is verse biased occurs frequently. In
view cf these characteristics of the TFT as a device, a
static shift register ccmposed of ccmplementary TFTs is
preferred generally and such a shift register is also
preferred for the £fclilowing reasons:
(1) Aas a TFT has & iarge OFF current, the operating
voltage range, operating frequency range, and
operating temperature range of a dynamic circuit
consisting of TFTs is very small.
(2) A drive c;:cuz# needs to have a CMOS structure
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Zor making the best
liquid crystal

with a low ccnsumpticn cf current
use cf the advantage ¢Z the active matri
fanel, which is its low current consumption.

(3)  The ON current value can be smaller than that in a
mono-cenductive MOS'cvnamlc shift *eglster.

Figure 2 (a) shows a suitable circuit structure:
for each of the shift registers 13 and 20 ih-Figure 1.
Inverters 41 and 42 :in Figure 2 (a) consist of a P type
TFT 47 and an N type TFT 48 as shown in Figure 2 (b).
Furcher, = clocked iaverters.43 and 46 in Figure 2 (a)
censist of P type TFTs 49, 30 and of N type TFTs 51, 52,
respectively, as shown in Figure 2 (c). A clock signal
CL is input to the gate of the N type TFT 52, and an
inverted clock signal CIL is input to the gate of the P
type TFT 49. Likewise, clocked inverters 44 and 45 in
Figure 2 (a) consist of P type TFTs S3, 54 and N type
TFTs 55, 56, respectively, as shown in Figure 2 (d4).
The inverted ciock signal CL is input to the gate of the
N type TFT 36 and the clock signal CL is input to the
gate ¢ the P type TFT S3. An alternative DOSSlbllltY
is for & circuit made ﬁp cf an analog switch consisting
of an inverter 37, azn ﬁ'ty~e_TET S8 and a P type TFT
39, as shown in Figure 2 (e), to be substituted for the

clocked inverters 43 and 46, and for a circuit made up
of an analog switch c~ns;sc1ng of an inverter 60, an N
type TFT 61 and a ? type TFT 62, as shown in Figure 2
(£), <o be substituted for the clocked inverters 44 and
45.

As described apcve, it is very beneficial to
construct & drive circuit Zor an active matrix panel
from T¥Ts having a CMOS structure. However, the mere
applicatiocn of a comclementary TFT integrated circuit in
che przor art has disadvantages as described below:

(1) A method of production for integrating both a P
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type TFT and an N type TFT cn the same substrate is

ccmplicated and renders the overall circuit expensive.
{2) It is difficuit to form a P type TFT and an N type.

- d - e
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TFT having balanced characteristics,; which is essential
Zfor Zcorming a complementary TFT integrated circuit.
{3) A P type TFT and an N type TFT do not have enough
driving ability for realising a drive circuit.

Such disadvantages are solved in the present
instance by employing a method of manufacture, and a
structure having dimensions and utilising materials as

-desc:ibed below.

Figure 3 (a) is a section through a pair of
complementary TFTs for forming either the source line
drive circuit 12 or the gate line drive circuit 21 shown
in Figure 1, and Figure 3 (b) is a section through the
respective picture element 22 of Figure 1, which
includes a iiquid crystal cell.

In Piqure 3 (a), a P type TFT 99 and an N type
TET 100 are formed on an insulating substrate 71 made of
glass, guartz crystal or the like. Silicon thin £ilm
regicns 13, 76 are cnannel'rggions'of the TFTs 99, 100
and silicen thin.film regions 72, 74, 75, 77 are'source
and drain regions. The silicon thin film regions 72
and. 74 are impurity doped to be P type, and the silicon
thin Ziim regions 75 and 77 are impurity doped to be N
type. 2Zate insulating film regions 78 and 79 are made
of "silicon oxide (for example Sioz), silicon nitride or
the like, and gate electrcdes 80 and 81 are made of
poly-crystaliine silicon, metal, metal silicide or the
like. The TFTs furtaer comprise an insulating film
layer 82 made of silicon oxide (for example 5102),
silicen nitride or the like, a line layer 83 made of
metal cr the like, an insulating film layer 84 made of
silicon cxide (for example Sio;}, silicon nitride or
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the iike, and a passxvat;on Zila layer 85.

In Figure 2 (b), the reference numeral 86 .
indicates the same :asulating substrate 71 as in Figure .
3 (a), a picture eiement electrode 94 consisting of '
transparent conductive film made of ITO (indium tin
oxide) or the ;ike, and a picrture element TFT 101 being
formed thereon.  The reference numerals 87, 88 and 89
indicate silicon thin £ilm regions which are formed from .
the same layers as the regions 72, 73, 74 and 75, 76,
77, the silicon thin £ilm region 88 forming a channel
region and the silicon thin f£ilm regions 87 and 89

 forming source and drain regions, respectively, of the

TFT 101. The regions 87 and 89 are impurity doped to
be P type or N type, the impurities in such regions
being the same as those included in the regions 72 and
74 or the regions 75 and 77. The reference numeral 90
indicates a gate insulating £ilm region, which is formed
from the same layer as the gate insulating £film regions
78 and 79, and the reference numeral 9i indicates a
gate eiectrode, which is formed from the same layer as
the garte elec;rqdes 80 and 81. The reference numeral
92 indicates an insulating £ilm region which is formed
from the same layer as the insulacing film region 82,
the reference numeral ¢3 indicates a line layer, which
is formed from the same layer as cthe line layer 83, and
the reference numeral &5 indicates an insulating film
rom the same layer as the

th

layer, which is fcrmed
insulacting £ilm layer 84. A layer 96 of liquid crystal
1s provided between the insulating film layer 95 and a
counter electrode 97, «which includes a transparent
conduct:ve £ilm layer and which is provided on a
transparent substrate 98.

Accordingly, the source/drain region, the - .

\G

channel regicn, the gate insulating film region and the
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gate electrode of each cf the TFTs 99 and 100 forming
the drive circuit are provided by the same thin film
layers as the corresponding ragions of the picture
element 7FT 101. Turcker, <=he TFTs in the source line.
drive circuit and the gate iine drive circuit are
connected through the iine layer 83, which is designed
t0 have a low sheet resistance (being fprmed, for
example, from a metal such as aluminium), and the line
layer 93 consisting of the same layer as the line layer
83 provides a source line in the picture element matrix.
A picture element electrode 94 is made of a transparent
conductive film layer such as ITO. In the case that
the line layer 93 is made of aluminium or alumi-silicide
and the transparent conductive £ilm layer is made of ITO
and no :nsulating film layer is arranged therebetween,
through holes 102 and 103 opened simultaneously can be
used Ior connecting the iine layer 93 and the electrode
94 and the silicon thin £ilm regions 87, 89 whereby the
manufaccturing process can be simplified. In this case,
che aluminium and the ITO are processed in respective
etching solutions and the ITO is formed for pétternipg
in the stage prior to the aluminium, taking advantage’
of the Zfact that the ITO is not soaked in the etching
soluticn for aluminium.

igure 3 (b), the insulating film layer 95

orovides a capacitor for preventing application of a DC

-
.d

21}

voltage to the liquid crystal layer 96 and the
capac:tance value thereof should be large enough in
compar.son with that of the picture element for this
ourpose. Thus, tne thickness of the layer 95 should
be a predetermined value (for example, ~approximately
3000 Angstrom) or less. On the other hand; the TFTs
99, 100 of the drive circuit shown in Figure 3 (a) need
to be ccvered by the passivation Zilm layer 85, which
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is designed tc have a thickness larger than a pre-
determined value {Zor example, appreximately 1

-micron) Zor ensuring wet-preoiing. Tor Zforming the

passivation £:ilm layer 85, <it.is most effective to form

a film all cver the active matrrix substrate and then. to

o e ol ~-ad

remove the film except in the region of the drive
circuics. Hence, the passivation £ilm layer 85 is
made from a material such as po;ylmzde or the like
processed with an etching solution, in which the
insulacing film layer 84 is not soaked.’

The method of manufacture for such a structure and
the characteristics of the complementary TFTs obtained
therefrocm are descriked kelow. In a method of
manufacturing a CMOS integrated circuit utilising
cenventional moné-crystalline silicon, at least four
choto rrocesses are needed (a srocess for forming a low
concentration P well, & process for forming a P type
stoppér layer, a rrccess for forming the source/drain
regicns of each P type MOSFET. and a process for
forming the source/drain regacns of each N type MOSFET)
in ccaparison with a method of manufacturlng an N type
MOSFET Integrated circuit. <Contrary to th;s, a
complementary TFT integrated circuit according to the
invent:=on can be realised by adding no more than one
photo process as compared with a method of manufacture
mono-ccnductive TFT integrated circuit.
igures 4 (a) =c 4 (&) illustrate an example of

- -

for

]
4
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the main stages in & mecthcd cof mapufacturlug the active
matrix canel according tc :the present invention. First,
as shown in Figure 4 (a), a desired pattern is formed
aftter accumulating a layer of silicon thin film over a
transcarent insulating supstrate 110 and thereby forming
a channel region L1l of a P type TFT and channel regions
112 ané 1i3 of N type TFTs. dNext, gate insulating film
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regicns -14, 115 and -.16 are formed ty means of thermal

oxidation or chemical vapour deposition, and then gate

2lectrcdes 117, 118 and 119 are formed.
'~ Next, as shown in Figure 4 (b), acceptor
impurizies 120, -for example coron, are implanted all;_
over the surface utilising ion implantation techniques.
Implanted acceptor impurities in regions 121, 122 are

activated by subsequent heat treatment to form a P type

semi-conductor. Acceptor _mpurltles are also added to_]‘

regions 123, 124, 125 and 126, which are to be the
source/drain regions of N type TFTs. _

After this, as shown in Figure 4 (c), the P type
TFTs covered. by a mask material such as photo resist
128, and donor'zmpurlties 127, such as phosphorus or .
arsenic, are implanted elsewhere with a higher
concentration than that of the acceptor impurities 120.
implanted donor impurities in the regions 123 to 126 are
activated by subsequent heat treatment. If the implant

dosage cf the acceptor iocns is 1 x 107 cm and the

implant cosage of the donor ions is 3 x 10°° em™?,

then the regions 123 to 126 contain the equivaient of an.

:mplant dosage of the donor ions having a concentration
’ nhis way, source/drain regions

=13 -2 -

of 2 x 10 cm . in t
123 to 126 of the N type TFTs are formed.

Subsequently, as shown in Figure 4 (d), an
insulacing film layer 129 is accumulated after removing
mask material 128, =hrough holes are opened, a picture
element electrode 131.made of transparent conductive
film is Zformed and a line i20 made of metal or the like
is formed.

As described. a P type TFT 132 and an N type TFT
133 for Zorming the drive circuit and an N type TFT 134

- for forming a picture element TFT of the matrix panel

are chus produced. It is a matter of course that a P
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type TFT Zor the matrix panel can also be produced. The
TFTs thus obtained :incltde a P type TFT having acceptor
impurities in its source/drain region, and N type TFTs
having toth acceptor :impurities and donor impurities in
their source/drain regicns but with the latter having a
higher concentration than the former. o

In the above process of manufacture, if donor
impurities 127 are substituted .for acceptor impurities
120 in ?igure 4 (b) and acceptor impurities 120 are
substituted for the donor impurities 127 in Figure 4
(c), an N type TFT 122 and P type TFTs 133, 134 as
shown in Figure 4 (4) are pbtained instead. The TFTs
thus obtained include an N type TFT having donor
impurities in its source/drain region and P type TFTs
hév1ng both decnor impurities and acceptor impurities in
their source/drain regions but the latter having a
higher concentraticn that the former.

A complementary TFT integrated circuit can thus be
formed ty adding the single photo process required to
form the mask pattern 128 in Figure 4 (c), as compared
with the method of manufacture for a mono-conductive TFT
integrated circuit. As a result, an active matrix
sanel with a built-in drive circuit één be realised.
From an econcmical roint of view, the above method of
manufacture is an improvement, and it is not
inconvenient to Zform a mask pattern independently for
the icn implantation cf acceptor impurities and donor
impuricies. FurtXer, -n the compleméntary TFT
integrated circuit manufactured by the above method,
each TFT is separated in the form of an island on the
insulating substrate 110 so that a specific process for
element separation is not required. Furthér, being
different f£rom an lntegratéd circuit made of mono-
crystailine silicon, qo parasitic MOSFET is produced so
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that a channel stopper coes 1ot have to be formed.

Next, a means for reaiising a P type TFT and an N

type TFT having talanced characteristics as required for,

a ccmplementary integrated'circuit will be described.
- 7FTs making use cf the groups IiI to VI semi-conductor
compouhds have been xnown in the art for a long time.
- However, a complementary TFT making use of a compound
semi-conductor has not teen realised for the following
two reasons:- _ _
(1) It is actually impossible to control and realise
‘both F type and N typé semi-conductors in the semi-
conductor compound. S
(2) It is very difficult to control the interface
between the semi-conductor compound and the insulating
Zilm for a MOS construction. '
Accordingly, source/drain regions and a channel
region are made of silicen thin films. The carrier
mobilities of amorphous silicon thin film and of poly-
crystaliine silicen thin £ilm are shown in Table 1. As
shown by the Table, the poly-crystalline thin film is
the tetter for réalising a complementary TFT integrated
circuit because cﬁaraCter;scics of P'type and of N type
semi-conductors can easily be made well balanced and the
current supply cavacity of the TFT can be made larger.

TABLE 1

2
carrier mobility (cm /V .sec)

N type P type
amorphous silicon 0.r - 1 107" - 107’
poly-crystalline silicon 5 - 50 5 - 50

Next will be described a means for increasing the
current supply capacity of a TFT, ‘especially P type and
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N type TFTs for forming a drive circuit as in the
oresent lnvention. As described above, the trap

density is high in a TFT made cf silicon thin film which. -

is not aono-crystalline silicon so that the ON current
is 'smail and the OFF current is large in comparison with.
a mono-crystalline siliccn MOSFET. Figure 5 is a graph
showing a characteristic 140 of a mono-crystalline
silicon MOSFET and a characteristic 141 of a TFT made of
silicon thin film in the case in which the gate length,
gate width and source/drain voltage VDS are the same.
The abscissa represents the voltage VGS based on the
source as the reference, and the ordinate'rep:esents
the current IDS between the source and the drain. As
shown by the graph, since the ON/OFF ratio of the TFT
is small, the TFT 29 for the picture element matrix and
the TFTs forming the drive circuit 12 and 21 in Figure 1
respectively should te fcrmed with the optimum
dimensions. For instance, when an image is to be
displayed making use of an NTSC video signal, the TFT
29 for the picture element matrix should satisfy the
following equations within the entire temperature range
wherein the active matrix paneli is used.

0.1 x C_ x R OFF1 > 1/60 (sec) .... (1)
. . < .
5 xC xRON1 = 10 (p sec) .... (2)

where C_ represents the total capacity of a picture
element, and R CN1 and R OFF1 represent ON resistance
and OFF resistance of the TFT, respectively. Equation
(1) is a condition to be satisfied by all of the picture
2lements in the matrix panel during a holding operation
{holding condition). and 90% and more of the electric
charge which is written into any picture element can be
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held over for one fieid if i1t is satisfied. Equation
{2) s a writing condit:cn to ce satisfied by all of the
Sicture elements in the matrix panel during a writing
operation (writing cendition), and 99% and more of a
7ideo signal can be writfen into a picture element if it
is satisfied.

On the other hand, a TFT for forming a drive
circuit should satisfy the following equation within the
entire temperature range wherein the active matrix panel

is used. -
K x {C2RON2 + cC2RON3) - £ 1726 .... (3)

where C2 and C3 represent the capacities of junctions
142 and 143 in Figure 2 (a), RON2 and RON3 are the
output .resistances of the clocked inverter 43 and the
inverter 41 of Figure 2 (a) respectively, £ is the
clock frequency of the shift register 13 or 20, and K
is a constant (X is approximately from 1.0 to 2.0, by
experience). Accecrding to the ‘actual survey or
simulat;on.performgd, RON2 -and RON3 of the TFT for
forming the drive circuit should be a tenth or less of
RON1 of a picture element TFT in order to realise a
shift register with approximately 2 MHZ of the clock
frequency £. E "

For realising sucn low output resistance, the
-gate length of the TFT for the drive circuit can be
formed as short as cossible within the limits of the
breakdown voltage permitted. Further, TFTs for the sample and
nold circuit 17, 18 and 19 shown in Figure 1 permit a
lower breakdown voltage than the TFTs for the shift register
13 so that the gate lengths of the former can be shorter
than those of the latter. Figure 6 illustrates the |
definition of gate length L and Table 2 shows an example
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of the cate lengths Zcr each of the TFTs. In Figure 6,
a gate electrcde 142 and a silicon thin £ilm 143 making
up a channel region :together cdefine a gate length 144
and a gate width 145.

TABLE 2
: . - | . Gate length L (um) '
i P type TFT ¥ tvype TFT
E-T?T for picture element zatrix P 20.0
i -
i-TFT for shift register o 4.0 : 5.5
_T=T for samole and hold circuit' 4.5

It is also possible to raise the current supply
. capacicy of a P type TFT and an N type TFT by
constructing the TFT such that the thickness of the

silicon thin f£fiim forming the channel region is smaller
than the maximum width of the &epletion_layer extending
over the surface cf the silicon thin f£fil

~ The maximum width )::“-x of the depletion layer of
4 P type TFT made oI silicon thin film and the maximum
w#idth X =~ of the depierion layer of an N type TFT are
represencted by the fcliowing equations, respectively.

= (2¢x 2 p =P % x (g x ND)-.'/z ces. (4)

2MaA X

-i1/2
y p i I &
oA X (g x NA) (5)
where g represents & unit electric charge, gis a
dielectric constant cf silicon thin £ilm, @ FP
represents a ferm: Zfunction for a P type TFT, @ FN
represents a fermi funcrtion for an N type TFT, and ND
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and NA represent equivalent donor and acceptor densities
for the channei regions, respectively. Further,
equivaient donor and accépcor densities are determined
5y the cdensity cf the dcnor impurities existing in the
region, the density of the acceptor impurities and the
trap density acting as donor and acceptor.. According to
the present invention, :the thickness of the silicon
thin £ilm of the channel region in a P type TFT and an- N
type TFT is formed to be smaller than either X uax OF
Figure 7 is a cross sectional view of a TFT

NMAX
where a depletion layer is formed. An insulating

substrate 146 carries a silicon thin film region 147
forming a channel region, and silicon thin film regions
148, 149 forming source/drain regions; A gate
insulating film layer 150 is formed on the regions 147,
148 and 149, and a gate electrode 151 is provided on
the layer 150. The thickness of the silicon thin film
is indicated by tsi, and the width of the depletion

con thin film surface is

layer formed on the sili

ve
indicated by X. ]

The basic criteria for proyiding the preferred
drive circuit for an active matrix panel are thus
established as follows:- -

{1) Bach drive circuit is given a static form composed
of complementary TFTs.

(2) A method of manufacture and a structure for a
complemenﬁary TFT integrated circuit are provided.

(3) The characteristics of the P type and of the N
Type semi-conductors are made to be well balanced.

(4) The TFT design is improved so as to enhance the
capacity for driving the load.

Various further improvements will now be described.
A first modification in the form of a layout for

an active matrix panel is shown in Figure 8, which is a
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nlan view of an act:ve matrix vanei 160 showing the
layout of each of the circuit blocks. A source line
drive circuic 161 {and/or 162) is formed act the
periphery of the active matrix panel 160 at the top
{and/or bottom) as :iliustrated, in order to form a
normal :image, and a shift register 163, a buffer 164,
a video signal bus 165 and a sample hold circuit 166 are
arranged one inside the other relative to the periphery
within the source iine drive circuit 161. A gate line
‘drive circuit 167 (and/or 170) is fqrméd at the left
(and/or the right) hand periphery.ofgfhe active matrix
panel 160 and a shift register 168 and a buffer 169 are
arranged in order inwardly from the periphery within the
gate line drive circuit. A piéiﬂté element matrix 171
is formed at the centre of the active matrix panel 160
for connection to the source line drive circuit 161
(162) and the cate iine dérive circuit 167 (170), and
input terminals 172, 173, 174 and 175 are arranged at
the corners of the panel. Signals are transmitted
within the panel in use in the directions indicated by
arrows 176 to 180. Limited space can be put to the
most effective prabtical use by the'layouf as described
above. ' .

Further, & layout as shown in Figure 9 is
utilised within the source line drive circuit and/or the
gate line drive circuit for forming unit cells within a
limited dimension equivalent to the spacing between
picture elements (or twice such spacing). In Figure'g
the cells 196 to 198 have a width D corresponding to the
spacing between picture elements (or twice such
spacing). Arranging the drive circuit in repéating
cells having a cell width D, while also employing the
layoutr -n Figure 8 makes ‘effective use of the overall
space available. in rigure 9, the cells 196 to 198
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are shown surrounded -y brcken :ines. A positive power
source line 184 and a negative rower source line 185 are.

connected to regions 186 to 191 of silicon thin f£ilm

forming the source/drain and channel regions of a P type - -

TFT and to regions 192 te 195 of silicon thin film
forming the source/drain and channel'regions of an N

type TFT. The elements of each TFT can be separated'by;u-"

etching the silicon thin £ilm to form isolated areas

regardless of homo-poliarity and hetero-polarity. There- .. -

fore, for instance, a distance a between the region
192 of silicon thin £ilm of the N type TFT and the
region 187 of silicon thin film of the P type TFT and a -
distance b between the two regions 187 and 188 of |
silicon thin film of the P type TFT can be made substan-
tially equal to each other. According to the invention,
.the numper of eiements in the direction in which a unit
cell is repeated can be increased by arranging an

isolated area of silicon thin film of the P type TFT and

an isolated area of silicon thin f£ilm of the N type TFT
alternately, dtilising the above characteristics
positively. .

- In order to increase the number of elements
further, the following means may also be employed.
.Figures 10 (a) and 10 (b) illustrate an inverter
composed of complementary TFTs and formed between a
Dos1tive power source iine 199 and a negative power
source iine 200. In Figures 10 (a) and 10 (b),
through holes 201 and 202 are provided for forming
contact between a source region and a gate electrode
203. at first, a P type region 204 and an N type
region 205 are provided in an isolated area of silicon
thin Zilm with a boundary 208. Next, a contact with
the drain region is formed by a through hole 206 and an
output line 207 for zhe inverter is added.
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A second modificaticn cf the invention concerns
the reduction of clock noise in the source line drive
circuit. As shown in Figure 1, the source line drive
circuit 12 is provided with video signal buses 14 to 16
and a2 iine (connected tc the terminal 34) for trans-
mitting at least a pair of relatively inverted clock
signals CL and CT for driving the shift register 13.

The line shown connected to the terminal 34 is in fact a
pair of lines and if there is a difference between the
stray capacitance formed between .any video signal bus
and the CL line and that formed between the same video
signal bus and the Ez'line, - noise in the form of a
spike synchronised with the clock signal is added to the
video signal.. As a result. unevenness occurs in the
display in the form of a line in the picture produced by
the active matrix panels.

As shown in Figure 11 {(a), the above described
clock noise may be reduced by a twisted arrangement for
the CL and CL lines. Figqure 11 (a) illustrates a source
iline drive circuit ccmpriéing'a shift register having
unit cells 210 to 213, &a sample hold circuit comprising
TFTs ‘214, 215, a picture element matrix 216, and a
video signal bus 217. CL and CL lines 218 and 219
cross each other (i.e. are twisted) at their centres
approximately. Hence, the average distance between the
CL lire 218 and the video signal bus 217 and the average
distance between the CL line 219 and the video signal
bus 217 are made to be approximately equal to each
other. As a resulc., the value for the stray capaci-
tance (CS1 + CS3) wnich is formed between the CL line
218 and the video signal bus 217 is made to be equal to
the vaiue for the stray capacitance (CS2 + CS4) which is
formed between the CL line 219 and the video signal bus
217. Further, as shown in Figure 11 (b), the rising
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edge of the clock signal CL corresponds to the trailing
edge of the clock signai CL, and vice versa. Conse-
quéntly, Cclock noise added to the video signal can be
reduced sharply to realise a clear display in the
picture. Further, the CL and.EE lines may be twisted
(cross over) a plural number of times.

A third modification of the invention seeks to
make the resistance of the connections to the sample
hold circuit uniform. Figure 12 illustrates the parts
of a source line drive circuit such as the one shown in
Figure 1, including a shift register 230, video signal
buses 231 to 233, a sample hold circuit comprising TFTs
234 to 236, and a picture element matrix 240. Picture
‘element signals corresponding, for example, to the
primary colours red (R), gfeen (G) and blue (B), are
transmitted to the three video signal buses 231 to 233
and then the combination is changed by a single
horizontal scan. Since these three video signal buses
require a low resistance. a metal such as aluminium is
preferably used for eaca line. On the other hand, when
the structure of Figures 3 (a) or 3 (b) which is
considered to ke the most effective from an economical
point of view is adopted, the same material as that
employed for the gate electrodes 80 and 81, such as
poly-crystalline thin £ilm, is used for lines 237 to
239 £rom the video signal buses to the sample hold
circuzirt. In this case, the sheet resistance of poly-
crystalline silicon thin £ilm is much higher than the
resisctance of the video signal buses, and the lengths
of the lines 237, 238 and 239 cannot be equal to each
other i1f these lines are straight, whereby the
resistance of the lines 237 to 239 also will not be
equal to each other. Aas a result, the picture
displayed may be uneven and include lines. However, in
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the present invention, <che lines 237, 238 and 239 are

formed such that their resistances are made equal to

each other. For example, the line width W may be kept

constant and the line iength L of each line 237 to 239
may  be made equal, or che line length L of each line
may differ and the liné width W may vary respectively
between the lines 237 to 239.

A fourth modification of the invention is directed
towards increasing the slow speed of a drive circuit
composed of TfTs. As shown in Figure.5, since the
performance of a TFT is inferior to the performance of
mono-crystalline silicon MOSFET, the speed of a shift
register made from TFTs is hot fast enough to drive an
active matrix panei. in order to make up for this slow
speed, the circuit structure as shown in Figure 13 (a)
and operation as shown in Figure 13 (b) may be utilised.

Ina Figure 13 (a), a start signal DX and clock '
signals CL x 1 and CL x 1 are applied to a first shift

. register 250 included in a source line drive circuit for

generating sampling pulses 252, 254 and so on. Further,

a startc szgnal DX and.clock signals CL x 2 and EE—E-E_
are applied to a seccnd shift register 251 included in
the source line drive circuit for generating sampling
pulses 253, 255 and so on. A video signal bus 265 is
connected by way of TFTs 256 to 259 of a sample hold
circuit and source iines 261 to 264 to a picture element
matrix 260. The signals V, DX, CL x 1, CL x 1, CL x 2,

CL x 2, and the pulses 252 to 255 output from the shift

registefs 250 and 251 are shown in Figure 13 (b).

The source line drive circuit shown in Figure 13
(a) is provided with the two shift registers 250 and
251, wnich are driven by clock signals CL x 1 (EE_E_ET
and CL x 2 {(CL X 2) which are approximately 90° out of
phase. When the source iine drive circuit is provided
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with a number N of shif: registers, each shift register
should be driven by a respective clock signal and the
inverted clock signal wherein the phases lag by approxi-.
mately 180°/N. If the frequency of CL x 1 and CL x 2
is taken as £, the sampling pulses 252 to 255 are
generated sequentially at intervals of 1/4f hours. The
video signal V is sampled at the trailing edges 266 to
269 of the sampling pulses and is held at the source
lines 261 to 264. As a result, sampling with a
frequency 4f is realised by means of shift registers
which are driven by-a'clock signal of fiequency £, which
results in an effective compensation for the slow speed
of a shift register made up of TFTs. When the above
described source line drive circuit is provided with a
number N of shift registers, sampiing with a frequency
2Nf can be realised by means of shift registers which
are driven by a clock signal of frequency £.

A fifth modification of the invention provides
ﬁeans for testing each output from the source line and
gate line drive. circuit. Figure 14 illustrates this
modification, which includes a shift register 280 as
part of the source line drive circuit, a Vvideo .signal _
bus terminal 281, a sample and hold circuit comprising a
TFT 282, a source line drive test circuit 283, a
control terminal for the test circuit 283, a test
signal output terminal 285 and a source line 286. A
respective test circuit 283 is added to each source line
286. Likewise, a shift register 287 forming part of a
gate line drive circuit is connected to a gate line test
circuit 288 having a test signal input terminal 289 and

a test signal output terminal 290. A gate line 291
leads from the gate line drive circuit to a picture
element matrix 292. A respective test circuit 288 is

added to each gate line 291.
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The test circuits.cperate as follows: the test
e terminal 284 for

th

circuit 283 is turned CN by way of th
testing operation of the source line drive circuit. 1In
this ccndition, the shift register 280 is scanned after
a predetermined test signal :s supplied to the video '
signal bus termihal 281. At this time, if a signal
which meets standard requirements is serially outpdt at
the test output terminal 285, the result is considered
as "Good" and, if not, it is considered as "Poor". |
For testing the gate'line drive circuit, the shift
register 287 is likewise scanned when a predete:minéd
test signal is inguf. At this time, if a signal which
meets standard requirements is serially output at the
test cutput terminal 290, the gate line drive circuit -
is considered as "Good" and, if not, it is considered
as "Poor". In this way, electrical testing of an
active matrix panel, can be done automatically, whereas
in the prior art testing has been by visual observation
cf a displayed test pattern. "

' A sixth modification of the invention involves
providing a storage capacitor in a picture element
without an additional prccesé during manufacture.

Figure 15 (a) illustrates the circuit of such a picture
elemenc, and Figure 15 (b) is a cross section through
the picture element. As shown in Figure 15 (a), the
.picture element comprises a TFT 302, which operates as
a switch and which is ccnnected to a source line 300 and
a gate line 301, a liguid crystal cell 303, a counter
electrode terminal 304, a metal oxide semi-conductor
capacitor 305 (hereinafter referred to as a MOS
capacitor) having a gate electrode 306. Turning to
Figure 15 (b), transparent insulating substrates 310
and 324 have sandwiched therebetween silicon thin film
regions 311 to 315, gate insulating film regions 316
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and 317, gate electrodes 218 and 319, an insulating
£ilm layer 320, a line layer 321 which forms a source
iline, a ctransparent conductive film layer 322 which
forms a picture element electrode, a counter electrode
323 including a transparent conductive film layer, and
a layer of liquid crystal material 32S.

The TFT 302 formed by the portion indicated by the
reference numeral 326, the regions 311 and 313
providing the source/drain regions thereof and the
region 312 forming the channel region. -- The MOS
capacitor 305 is formed by the portion indicated by the
reference numeral 327, ~with. the regions 313 and 315
providing the source/drain regions thereof and the
region 314 forming the channel region thereof.

‘As shown clearly in Figure 15 (b), since the MOS
capacitor 305 has entirely the same cross sectional
structure as the TFT 302, it is not ﬁecessary to add
any special extra manufacturing process in order to form
the MOS capacitor 305. However, if the MOS capacitor
305 is to be used as a srorage capacitor, it is’
neceséary to maintain a condition wherein a chanhel;"
that is an inversion layer, is formed-at the region 314.°
A predetermined voltage potential is appliedlto the gate
eleccrode 306 (319) of the MOS capacitor 305 so as to
turn the latter on for maintaining this condition. For
example, a positivé potential in the case of an N type
MOS capacitor or a negative potential in the case of a P
type MOS capacitor is appropriate for this. Since a
gate insulacing film is normally formed to be extremely '’
thin, a storage capacitor produced as described above
can be from five to ten times as large as a storage
capacitor making use of a conventional insulating £ilm-
layer. This is very effective for economising on the
area employed by the storage capacitor. Therefore, it
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becomes possible to increase the aperture ratio of the
active matrix panel. '

A last modificaticn of the invention concerns the .
mounting of an active matrix panel having a built-in
drive circuit. Figure 16 (a) is a cross section through
an arrahgement for the mounting, which features a
transparent substrate 330 wherein a picture element
matrix and a drive circuit composed of TFTs are formed,
a transparent substrate 331 wherein a counter electrode
is formed, a sealing member 334, a filling of liquid
crystal material 333, a mounting substrate 335 having
an aperture 340, a wire 338 made of a metal such as
gold or aluminium, and a pro;ég;ive member 339. A
recess 336 in the mounting substrate 335 adjacent the
aperture 340 is effective for ensuring a strong
connection by the wire 338. A shading member 337 is
advantageously provided over all or a part of the
mounting substrate 335, and a further shading member
332 in the form of a strip surrounding a portion of the
picture element matrix is advantageously provided on the
transparent substrate 330 for improving -the external
appearance of the active matrix panel wheﬁ used as a
display device. Figure 16 (b) is a plan view of the
arrangement showing the picture element matrix 341
supported by the mounting substrate 335 over the
aperture, which is indicated by the dotted line 342.

Since the stress on the wire 338 "is uniform with
this arrangement, :the strength of the connection is
improved. Further, when the active matrix panel in
accordance with this embodiment is utilised as a trans-
mission ctype display device and a light source is
provided at its rear face, the leakage of unnecessary
light f£rcm the periphery of the picture element matrix

can be prevented and an improved external appearance is
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cbtained.

TWwo applications of the invention will now_ be
described.

A first application cof the invention is in an
electric view finder (hereinaiter referred to as an EVF)
of a video camera or the like. By integrating a drive
circuit made of complementary TFTs with the picture
element matrix as described'above, a small, inexpensive
and reliable active matrix panel having a low power
consdﬁption and a high resolution densiéy can be
obtained. As a.resulﬁ an EVF having the structure shown
in Figure 17 can be realised. This EVF 353 is connected
to an image sensing device 350, recording apparatus
352, and a video signal processing circuit 351 arranged
to supply a composite video signal on & line 362. ‘The
TVF 353 comprises a drive circuit 354, including a
chroma circuit, a synchronised timing signal formation
circuit, a liquid crystal panel driving signal
fcrmation-circuit, a power source and a back light
driving circuit. The EVF further comprises a light
source 356 for providing the back light, a reflector
355, a diffuser 357, polafisers 358 and 360, an
active matrix panel 359 according to the invention and a
lens 361.

. Such a structure offers the following benefits,
which have not been obtained by an EVF employing a
conventional cathode ray tube.

(1) A colour EVF having an extremely high resolutioh
with a picture element spacing of S0 microns and

less can be produced if the active matrix panel is
provided with a colour filter.. Low power consumption
is also promoted.

(2) An extremely small, light weight, space saving
design of EVF can be realised.
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(3) The shape of zhe EVF can te more freely chosen,
and even a novel design in which the EVF is flat is
possible.

Another application is in a colour display |
projector, in which the active matrix panel is employed:
as a liquid crystal light valve. Figure 18 is a plan
view of such a colour display projector. White light
emitted from a light source 370, such as a halogen
lamp, is condensed by a parabolic mirror 371 and is
filtered to cut out heat rays in the infra-red region by
heat ray cutting filter 372 so that only light rays in
the visible spectrum enter the dichroic mirror system of
the projector. First, blue light (light having a
wavelength of about 500 nm) is reflected by a blue light
reflection dichroic mirfor 373, ‘other light (e.g.
yellow light) being transmitted therethrough. The
reflected blue light is directed by a reflection mirror
374 into a blue light modulation liquid crystal light
valve 378. The light transmitted through the blue
light refleétion dichroic mirror 373 strikes a green
light reflection dichroic mirror 375, and green light
(light having a wavelength of about 500 nm to 600 nm) is
reflected while the other light, that is red light
(light having a wavelength of about 600 nm and longer),
is transmitted therethrough. The reflected green light
enters a green light modulation liquid crystal light
valve 379. The red light transmitted through the green
light reflection dichroic mirror 375 is directed by
reflection mirrors 376 and 377 into a red light
modulation liquid crystal valve 380.

The blue light, green light and red light are
modulated by the liquid crystal light valves 378, 379
and 380, each of which comprises an active matrix panel
according to the invention driven by a primary colour
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signal, such as blue, zreen and red, and are then
synthesised by a dichroic praism 383. The dichroic
orism 383 is so constrdcned that a blue light reflection:
surface 381 and a red light reflection surface 382 cross
one. another at right anglés. The thus synthesised
colour image is magnified and projected onto a screenfby;
a projection lens 384. ' |

Such a structure offers the following benefits;“
which have not been obtained by a colour display
- projector employing a conventional cathode ray tube as a.
projection tube.

(1) A projection lens with a small aperture can be
used for the projection lens 384 because the liquid
crystal llght valve can be made smaller and of hlgher
resolution than is possible with a cathode ray tube.
Thérefore, a small, light weight and inexpensive
projector can be realised.

(2) =Having a high aperture ratio, the active matrix
panel of the invention permits a light display even if a
projection lens with a small aperture is utilised.

(3) Good registration of the three colours can be
obtained because the optical axes of the red, green and
blue light valves are fully aligned relative to each
other by the dichrcic mirrors and dichroic prisms.

The present invention, therefore, provides a
aumber ¢f benefits and advantages.

Firstly, the following advantages can be obtained
by forming the gate l;ne/source line drive circuit made
of complementary TFTs on the same transparent substrate
as the picture element matrix in accordance with the
invention.

(1) In the prior art, the degree of resolution is
limited by the mounting of Ehe drive integrated circuit.
This limitation is removed by the built-in drive

- bl
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integrated circuit of the invention. As a result, a
liquid crystal panel having a picture element spacing of
SO0 microns and less can te optained in accordance

with the invention.

(2) The external dimensicn of the mounting substrate
of the matrix panel can be miniaturised so that a
display device employing a ligquid crystal panel
according to the invention can be made smaller, thinner
and lighter. '

(3) Since the step of attaching an external drive
integrated circuit is unnecessary, a low cost display
device can be obtained.

(4) Since the connecrion of an external drive
integrated circuit is not reguired, the reliability of
the display device can be improved.

(5) The low current consumption which is an intrinsic
feature of the present active matrix panel obtained by
forming the drive circuit with complementary TFTs
results in low current consumption in the whole display
device. This is an :iImportant feature, which makes the
app;icationﬂof the invention in an EVF for a video
camera and a portable image monitor feasible.

Secondly, not only is low power consumption
achieved but aiso the voltage range and operating
frequency range can be extended by the use of
complementary TFTs and a circuit structure with a static
type of shift register. A TFT has a high OFF current
characteristic as shown in Figure 5 and the temperature
dependency of the OFF current is also large. This
defect of the TFT is compensated by a static type of
shift register, and so the voltage range and frequency
range can be expanded.

Thirdly, due to the structure wherein first polar
impurities are included in the first polar TFT source/
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drain region and both first and second polar impurities,
with the latter having a higher density than the former,
are included in the seccnd polar TFT source/drain
segion, an inexpensive ccmplementary TFT integrated
circuit can ke obtained by the addition of a single
photo process to the conventional process for manu-
facturing a known mono-conductive type TFT. Further, P
type and N type TFTs with well balanced performances can
thus be obtaihed, :

Fourthly, the gate which forms the drive circuit
is formed to be shorter than that of the TFT which forms
the picture element matrix, = so that the actuating speed
of the drive circuit can be improved and the writing and
holding of electric charge in each picture element can
be maintained in the optimum condition.

Further, the various modifications of the
invention described above provide the following
beneficial effects.

Firstly, the pattern layout as.shown in Figures
8, 9. 10 (a) and 10 (b) enhances the arrangement within
the drive circuit(s) so that unit cells can bé formed
within a defined pitch éorresponding to the spa&ing of
the picture elements.

~ Secondly, clock noise in the video signals can be
removed to the point of rendering any corresponding
unevenness or unwanted line in the picture displayed
below the level of visibility.

Thirdly, the resistances of the connections to
the sample and hold circuit are made uniform along each
source line so that the writing level of the display
signal to all the source lines is rendered uniform,
which avoids unevenness in the form of a line in the
picture display. '

Fourthly, the source line drive circuit as shown
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in Figure 13 (a) and driven by the signals as shown in
Figure 13 (b) allow sampling of the video signal with a
frequency 2Nf by -means of a system of N shift registers
which are driven by a clock signal having a frequency £f.
Therefore, an active matrix panel having a built-in
drive circuit of high resolution can-be obtained even
when TFTs, whose ON current is not necessarily 1arg§
enough, are employed.

Fifthly, ﬁy providing a test circuit for the
output of each drive.circﬁit, Checkiné the active
matrix panel, which has previcusly been carried out by
visual examination of a display test pattern, can be
carried out electrically-and'autcmatically.

_ Sixthly, the structure for a storage capacitor-
as shown in Figures 15 (a) and 15 (b) may be employed in
each vpicture elément to hold the electric charge in each
picture element more steadily but without either
increasing the cost of prcduction or decreasing the
aperture ratio.

Seventhly, %the mounting structure as shown in
Figures 16 (a) anc 16 (b) not oqu improves the
connection strength and the reliability- of the panel but
also prevents the leakage of unnecessary light around
the periphery of the picture element matrix in the event
that back lighting is used with the active matrix panel
of the invention to construct a transparent display
device.

Finally, the application of the invention to the
particular display systems described has the following

advantages.
Firstly, effects which cannot be obtained by the

use of a conventional cathode ray tube in an EVF can be
obtained by the application of the invention to the EVF

of a video camera.
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(1) An extremely high resolution colour EVF with a
picture element spacing of S0 microns cr less can be
realised by the use of an active matrix panel which is
provided with a colour.Zilter. ~Further, low power
consumption results. .

(2) An extremely small and light weight EVF can be
realised in a space saving manner. -

(3) The shape of the EVF can be selected more freely
so that a novel design, £or example a flat EVF, can be
providéd.. ' . .

Secondly, effects which cannot be obtained by the
use of a conventional cathode ray tube can be obtained
by the application of the invention to a colour display
projector. :

(1) since the liquid crystal valve can be made smaller
and of higher resolution than in the case of the cathode
ray tube, a projection lens with a small aperture can
be used. Therefore, a small, light weight and
inexpensive colour display projector can be realised.

(2) Due to the high aperture ratio of the active
matrix panel, light display can be obtained even with a:
projection'lens with a small aperture.

(3) Unlike the projection tube emplcying the cathode
ray tube, the optical axes of the light valves for each
colour, namely red, green and blue, can be made to
coincide by the dichroic mirrors and dichroic prisms so
that the registration cf the three colours can be

achieved satisfactorily.
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CLAIMS

1. An active matrix panel comprising a picture element matrix (22), which is
mounted on a transparent substrate (71, 86) and which in_cludes a plurality of gate lines
(24, 25), a plurality of source lines (26, 27, 28) and a plu;'ality of picture elements (32;-
33), each of the picture elements-inclﬁding a thin film transistor (29, 101), the active

_ matnx panel further comprising a gate line drive circuit (21) and a source line drive
_circuit (12) and being characterised in that at least one of the gate line drive circuit and
the source line drive circuit comprises a plurality of complementary thin film transistors
(47 to 56; 58, 59; 99, 100) provided on the transparent substrate, and having a gate
length'.shorter than that of the thin film transistors of the picture element matrix.

2. An active matrix panel according to claim 1, characterised in that each picture

element includes a storage capacitor (305) formed simultaneously therewith.
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