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~he invention rela~es to an ac~ive macrix panel. 

A conventional ac~ive matrix liquid crystal panel 
a~ disclosed in ''SID-83 digest. pp. 156 = 151, B/W and 

eolcur LC video displays addressed by polysilican TF?s" 
(Morozumi et al) is illustrated in Figure 19. such an 

~ctive matrix panel 1 comprises a picture element matrix 

2, which utilises thin film transista~s and which is 

formed en a transparen~ substrate. Gate line drive 
circuits and source line dr~ve circuits 4, in the form 

of MOS integrated circuits .compo~ed of mono~cryst.al 

~ilicon, are attache~ to the edges of the active matrix 

p('lnel l. as shown, each drive circuit 4 being mour;ted on 
a ~espective flexible substrat~ 3 and being connected to 

the pic~ure element matrix 2 of the active matrix panel 

1 at pad~ 5. A moun~ing substrate 6 provides beth 

mechanical support for the flexible substrates 3 and the 
active matrix panel 1 and ~l~ct.riea.l connection bet.ween 
th~ drive circuits 4 and external circuitry (not shown.). 

This conventional arrangement has th~ £allowing 
disadvan:t~ges : 

(1) High resolution is 

!n the prior arb, 
aetiv~ matrix panel 1 ~s 

pr~v~mt.ed. 

each source or gate line of the 
conn~cted to the associated 

driv@ circuit 4 at a =espactiv~ pad 5 so that close 
po~iticnin9 of th~ ~ic~ur~ el~ments i~ limited by the 
pad int~rval required for forming th~ connections durimJ 

mounting. Therefore, ~ass production of the active 

matrix panel with a picture el~ment spacing of 100 

microns or !~ss is very difficult and ~o high resolution 

cannot be obtained. 

.\'· ,. 

\ 
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(2) ~iniatur!sacicn of :~e display device is 
pr~vem:ed. 

!n the conven~!onal arrangemen~ shown in Figure 
19, each drive circui~ 4 is mounted outside the active 
~~trix. panel 1 so that :~e external dimensions of the 
moun~ing substrate 6 have to be a fourth or fifth as 
large aqain as the dimensions of the picture element 
matrix 2. Therefore, th~ dimensions of the display 
d~viee employing the active matrix panel 1 must 

10 inevitably be larger than.the dimensiQns of the picture 
~lement matrix 2, which is the p~rtion contributing to 
the display, and this limits the application of the 
active matrix panel in a micrc=monito~~ such as a view 
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finder for a video camera. 
The production cos~ is expensive. 
The production of a display device employing the 

~rrangement ~hewn in Figure 19 invol~as the process of 
connecting the f lexibl~ substrates 3 with the active 
~~trix panel 1, the process of connecting the drive 
circuit~ 4 with the flexible substrates J, and the 
precess of mounting t~~ f lexihle substrates 3 and the 
a.etiv«l! matrix panel 1 on the mount·ing substrate 6, 
which renders production expensive. 
(4) The reliability is low. 

Due to the many connections, for example between 
the accive matrix panel 1 and the f lexihle substrates J 

and b~n:ween the drive circuits 4 and the flexible · 

~n.u.bstrat:es 3, and the st:.resses applied to the 
connecting portions in use, the connecting strength has 

b~en found· to be immffici~nt. Thus, the reliability 

of the whole display device is inherently low, whereas 
the ~xpense of ensuring r~liability is greac. 

!t. is an object. of the invention to overcome the 
above probl~ms and to provide an improved active matrix 
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pud, which is inexpensive and has a small size an.d which is capable of both high 

resolution and high reliability. 

According to ~e present invention, there is provided an active matrix pad, 

·comprising a picture clement matrix (22), which is mounted on a mmspumt.mmtmte 

(11, 86} and which includes a plumlity of gate lines ('24, 25~, a plurality of som:ce lines 

(26~ 21, 28) and a plurality of picture clements (32, 33), each of the picture elements 

mciuding a thin film transistor (29, 101), the active matdx pmcl further comprising a 

gue line drive circuit (21) and a source line drive circuit (12) and bcing ~ in 

Umt at least one of the pm line drive circuit ud the source line drive circuit comprises. a 

10 stati.c shift register composed of a plurality of complementary thin film mmsist.on (47 to 

56; 58, 59; 99, 100) provided on the tmnspmrent substrate. 

Preferably the gate nine drive circuit comprises a shift register and a buffer 

UIM.goo nn that order with the buffer closer to die picture clement matrix. 

CoDlveniently, the source line drive circuit inclildes a sample and hold circW.L 

15 The gate length of a tilin film tnmistor in the sample and hold circuit may be lea 

than the gate length of a thin film transistor in die shift register. 

Typically, the source Iline drive circuit has a pair of clock lines, which crou one 

ruuother. The pane! may include testing means for testing each output from the gate line 

drive cire~it and the source Hime drive circuit. 

20 Sud~ mu active matrix panel can advantageously be~~-~~~~~~~ 



~mployed in an elec~ric 71ew tinder for a video camera, 

a monitor for a por~able VT~ and the like. 

~he invention wil: be described further, by way of 

~xample, with reference co the accompanyinq drawings, 

Figure l is a circuit diagram of an active matrix 

panel embcdyinq the present invention; 

Figures 2 (a} to 2 (f) show examples cf tbe 

detailed structure of a drive circuit shown in Figure 1; 

:o Figures 3 (a) and 3 (b) are cro~s sections through 

:o 

25 

30 

parts of the active matrix panel shewn in Figure 1; 

Figures 4 (a} to 4 (d} illustrate stages in the 

method of manuf acturinq an active matrix panel according 

to the present invention; 

. Figure 5 is a graph showing the cha~aeteristie of 

a thin film transistor employed in the invention in 

comparison with that of a mono-crystalline silicon 

MOSFET; 
Figure 6 is a diagram for illustrating the terms 

'
1gat:e lenqth 11 and "gat:e width"; 

Figure ? is a c=css s~ctional view·through a thin 

film· transistor employed in the invention showin~ 

depletion layer width and film thickness in a laye~ of 

silicon thin film; 
Figures 8 1 9, 10 (a) and 10 (b) illustrate a first 

modif iea.tion of the act:.i.ve r.1at.rix panel; 

Figu.r~s 11 {a) end 11 (b} lllust.rate a second 

modification of the ac~ive matrix panel; 

Figure 12 illust::at.e a t.hi.t·d modification of the 

ae~ive matrix panel; 

Figures 13 (a) and 13 (b) illustrate a fourth 

modification of the active matrix pan~l; 

=igur~ 14 illus~rates a fifth modification of the 

~ctiv~ macrix panel; 
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'Figures ~5 (a} and :5 (b) illus~ra~e a sixth 

modif !eation of the accive matrix panel; 

Fiqures 16 (a.) and !5 (b) illusr.rau:e a seventh 

modification of the active ma~rix panel; 

~ ~igure 17 is a diagram illustraeing a first 

application of the ac~ive matrix panel; 

Figure 18 is a diaqram illustrating a second 

application of the ac~ive matrix panel; and 

Figure 19 is a circuit diagram of an active matrix 

:o panel according to the prior art. 

Figure 1 shows an embodiment of the invention, 

wherein an· active matrix panel 11 comprises a source 

line drive circuit 12, a gate line drive circuit 21, 

and a picture element matrix 22, all being of ccmple~ 

13 m~n~ary metal oxide semi-c9nductor structure {herein~ 

after referred to as a CMOS structure} made of silicon 

thin film ~nd for.ned on the same t=anscarent substrate. 

20 

30 
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The source line drive circuit 12 includes a shift 

r~gister 13, a sample ~nd hold circuit couprisin1 thimi film 

transistors 17, lB and 19 (hereinafter referred to as 

TFT~} and video signal buses 14, 15 and 16. The gate 

line drive circuit 21 includes" a· shift register 20, .and 

it may also include a buffer 23 if occasion demands. 

The picture element matrix 22 includes a plurality of 

~ouree lines 26, 27, and 28 connected to the source line 

driv~ circuit 12, a plurality of gate lines 24 and 25 

conn~c~ed to the gat~ line drive circuit 21, and a 

plural!ty cf picture elem~nts 32 and 33 formed at inter-

~~ctions of the source and gate lines. Each picture 

~lement:. 32, 33 includes a TFT 29, and a. liquid crystal 

cell 30, which comprises a picture element electrode, 

and opposit~ electrod~ 31 and a layer of liquid crystal 

It is possible for 

other circuits, such as a counter er a d~-coder having 



s 

the function of select.!~g ~he source lines and the gate 
lin~s in order, ::o he subm:it.uted for the shift 
reqis~ers 13 and 20. A clock signal CLX, a start 
signal DX and video signals Vl, V2 and VJ are supplied. 
in use to inpu~ term.ir.als 34, 35 and 36 respectively of 
th~ ~ouree line drive circuit 12. A clock signal CLY 
and a s~art signal DY are supplied to input terminals 37 
and 38 respectively of the gate line drive circuit 21. 

The shift regis~ers 13 and 20 shown in Figure 1 
10 can be static or dynamic circuit~ comp~sed of comple~ 

m~ntary T!'Ts, consiseing of P type and N type TFrs, or 
they can be dynamic or static circuits coaposed of mono~ 
cenductive TFTs. Given the performance of a TFT ~s a 
d~vice~ a static type of circuit composed of comple~ 

15 m~ntary TFr~ is the op~imwn one. Since a TFT for an 
active matrix panel is generally formed on an ~nsulating 
~uhstrat:.e with p·oly-ccystalline or amorphous silicon, a 
~mall~r ON current and a larger OFF current are produced 
than is the case with a metal oxide semi-conductor field 

-o ~ffect: transistor ( hereinaft~r referred to as a MOSFET}. 
=Y 

25 
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The reason·for this is that the trap density existing in 
a ~11.:.ccn thin f i"lm. !.s very high in ~omparison with that 
in a mono~crystallin~ silicon whereby the carrier 
mobility is low and re-combination of carriers at a P-N 
june~ion which is reverse biased occurs frequently. In 
vi~w of these eharac~eristics of the TFT as a devicef a 
~tat.ie ~hi:f t regi~t.er composed of complementary TFTs is 
pref erred generally and such a sbif t regist~r is also 
p~eferred for the following reasons: 
(l} As a TFT has a large OFF. current, the operating 

voltage range, apera~ing frequency rang~, and 
operal:ing temperatau:e range of a dynamic circuit 
consi~tinq of TFTs is very small. 

(2) A drive circuit n~ed~ to have a CMOS 5tructure 
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with a low ccnsump~ion cf ~urren~ :or ~aking the best 
use of the advantage of the active ma~rix liquid crystal 
panel, which is its low c~rrent consumption. 
(J) The ON curren~ value can be smaller than that in a 

q mono=conductive MOS dynamic shift register. 

15· 

20 

30 

Figure 2 (a) shows a suitable circuit structure 

for each of the shift reqis~ers 13 and 20 in Figure 1. 
Inverters 41 and 42 in Figure 2 (a) consist cf a P type 

TFT 47 and an N type TFT 48 as shown in Figure 2 (b). 
Fu.rt.her, clocked inverters.43 and 46 in Figure 2 (a.) 

consist of P type TFTs 49, 50 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 CL is input to the gate of the P 
type TFT 49. Likewise, clocked inverters 44 and 45 in 
Figtn:-e 2 {a) consist ~·f P typ{! TFTs 53, 54 and N type 

TFT~ 55, 56, respectively, as shown in Figure 2 {d). 
The inverted clock signal ct is input to the gate of the 
N type TFT 56 and the clock signal CL is input to the 
gate of the P type TFT 53. An alternative possibility 
i~ for a circuit ma.de up o-f an analog switch consisting 
of ~n ~nverter 57, a~ N type TFT 58 and a P type TFT 
59, as shown in Figure 2 (e), to be substituted for the 
clocked inver~ers 43 and 46, and for ~ circuit made up 
of an analog switch consisting cf an inverter 60, an N 
type ~FT 61 and a P type T~T.62, as shown in Figure 2 
(f), ~o be substituted for the clocked inverters 44 and 

45. 

As described above, it i~ very beneficial to 
eonstruc6 a drive circuit for an active matrix panel 
from TFT:s having a C~.fOS ~truct.tu·:~. However, the mere 
~pplica~ion of a complementary TFT integrated circuit in 
the prior art has disadvantag~s as described below: 
(1) A method of production for int~gratinq both a P 

I . 
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~yp~ TFT and ~n N type TFT on the same substrate is 
complicaced and renders the overall circuit expensive. 
(2) !t is difficult ~o form a P type TFT and an N type 
TFT havinq balanced charac~eristies, which is essential 

~ fer ~o:t'Ming a ccmplemen~ary TFT integrated circuit. 
(J) AP type TFT and an N type TFT do not have enough 
driving ability for realising a driv~ circuit. 

such disadvantaqes are solved in the present 
in~tance by employing a me~hod of manufacture, and a 

10 ~t.ruc-cure having dimensi.ons and uti~ising materials as 

d~seribed below. 

Figure 3 (a) is a section through a pair of 
complementary TFTs for forming either the source line 
drive cireuit 12 or the gate line drive circuit 21 shown 

13 in Figure 1, and Figure 3 {b) is a section through the 
respective picture· element 32 of Figure 1, which 
.includes a liquid crystal cell. 

In Figure 3 (a}, a P type TFT 99 and an N type 
TFT 100 are formed on an insulating substrate 71 made of 

20 glass, quartz crystal or the like. Silicon thin film 
regions 13, 76 are channel regions of the TFTs 99, 100 
~nd siliccn t!iin film regions 12,· 74, 75, 77· are source 

and drain regions. The silicon thin film regions 72 

and 14 are impurity doped to be P type, and the silicon 
25 thin film reqions 15 and 71 are impurity doped to be N 

type. Gate insulating film regions 78 and 79 are made 
of· ~ilicon oxide ·(for examol~ SiO ) , silicon nitride or 

~ 2 

the like, and gate ~lectrod~s 80 and 81 are made of 

poly-crystalline silicon, metal, metal silicide or the 

30 like. The TFTs further compri~e an insulating film 
l~yer 82 made of silicon oxide (for exanple SiO }, 

2 
silicon nitride or the like. a line layer 83 made of 
mebal or the like, an insulatinq film layer 84 made of 

~iliccm oxide ! for example SiO p. silicon nitride or • 
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~he like. and a passivat:ion :Eilm layer 85. 

In Figure J (b), the reference numeral 86 

indicate~ the same insula~ing substr~te 71 as in Figure 

3 (a), a picture element electrode 94 consisting of 

-~ transparent conductive film made of ITO (indium tin 

oxide) or the like, and a pictur~ element TFT 101 being 

formed thereon. The referenc~ numerals 87, 88 and 89 

indicate silicon thin film reqicns which are formed from 

the same layers as the regions 72, 73, 74 and 75, 76, 

10 11~ tne silicon thi~ film region 88 f~rming a channel 

r~gion and the silicon ~hin film regions 87 and 89 

fonaing source and drain rag~ons, respecti~ely, of the 

TFT 101.. The regions 87 and 89 are impurity doped to 

b~ P type or N type, the impurities in such regions 

13 being the srul!le as bhose included in the regions 12 and 

14 or the regions 75 and 77. The reference numeral 90 

·indicates a gate insulating film region, which is formed 

from the same layer as the gate insulating film regions 

18 and 79, and the reference numeral 91 indicates a 

20 gate electrode. which is formed from the same layer as 

th~ ga~e electrodes 80 and 81. The reference numeral 

.92. indicat:es an insulating film region wbich is formed 

fEom the same layer as ~he insulacing film region 82, 

the reference numeral 93 indicates a line layer, which 

25 is formed from the same layer as the line layer 83, and 

thG reference numeral 95 indicates an insulating film 

layer, which i~ formed from the same layer as the 

insula~ing film lay~r 84. A layer 96 of liquid crystal 

i~ provided be~ween th~ insulating film layer 95 and a 

30 eoun~er el~e~rode 91, which includes a transparent 

conduct:.ive film layer and which is provided on ~ 

transparen~ subs~rat~ 98. 

Accordingly, ~he §Ource/drain =egior.. the 

channel ~eqion. ~h~ gate insulating film region and the 
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gr~te electrode of each cf ~he '!"FTs 99 an.d 100 form.ing 
the drive circuit are provided by thft same thin film 
layers as the corresponding .regions of the picture 
element TFT 101. Further, the TFTs in the source line· 

drive c~rcuit and the qa~e line drive circuit are 
eonnec~ed through the line layer 83, which is designed 
~o have a low sheet resistance (being formed, for 
-~xample, from a metal such as aluminiwn), 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 pic~ure element electrode 94 is made of a transparent 
eonductive film layer such as ITO. In the case that 
the line layer 93 is made of aluminimn or alluii~silicide 
and the transparent conductive film layer is made of !TO 

15 . ami no i.~un.lllatinq film layer is arranged therebetween, · 

through holes 102 and 103 opened simultanecm.sly can be 

u~ed for connec~ing the line layer 93 and the electrode. 
94 and the silicon thin film regions 87, 89 whereby the 
raanufac~uring process can be simplified. In this case, 

10 the aluminium and the ITO are processed in respective 
~tching ~olutions and the ITO is formed for pattem:L.'lg 

in the ~t:age prior 1:0 the aluminiwu, taking advantage 
of the fact that the !TO is no~ soaked in the etching 
~olution for aluminium. 

25 :n Figure 3 (b), the insulating film layer 95 
provides a capacitor for preventing application of a DC 

volt.age tc the liquid crystal layer 96 and the 
e~paci~ance value thereof should be large enough in 

eompariscm with that of the picture element for this 

zo purpose. Thus, the thickness of the layer 95 should 

be a predetermined value {for example. approximately 
3000 Ar.gs~rom> or less. On th~ other hand, the TFT's 

99, 100 of the drive e1rcuit. :r.umwn in Figure 3 (a) need 
to be coveired by the passivc:u.:ion film layer 65, which 



is designed to have.a thickness larger than a pre­

determined value (for example, approximately 1 

micron) for ~nsurinq wet:~proofing·. For forming the 

passiva~ion film layer 85, it is most effective to form 

= ~ film all over the active ma~rix substrat~ and then to 

remove t:he film except: in the region of the drive 

circuits. Hence, the passivation film layer 85 ~s 

made from a material such as polyimide or tbe like 

processed with an e~ching solution, in which the 

:;.o insula:cing film layer 84 i~ not soaked .. 

15 

The· method of manufacture for such a structure and 

the characteristics of the complementary TFTs obtained 

_tht!ref rom are described. below. In a method of 

m~nufac~urinq a CMOS integrated circuit utilising 

ec:mventional mono-crystalline silicon., at. least. four . 
phot:o processes are needed (a process fer forming a low 

concentration P well. a process for forming a P type 

~topper layer, a process for forming the source/drain 

regions of each P type MOSFET, and a process for 

forminq ~he source/drain regions of eac~ N type MOSFET) 

in comparison with a method of manufacturing an N type 

MOSFET inteqra~ed circuit. Contrary to this,· a 

eomplement:ary TFT integrated cireu:tt according to the 

inven~ion can be realised by adding no more than one 

23 . photo process as compared with a method of manufacture 

far a mono~conduc~ive TFT integrated circuit. 

FiqurGs 4 {a} EO 4 (d) illus~ra~e an example of 

the ma1n staqes in ~ met~od cf manufacturing the active 

matrix panel accordinq to ~he presen~ invention. First, 

30 as shown in Figure 4 (a}, a desired pattern is foaled 

after accumulating a layer cf ~ilicon thin film over a 

transparen~ insulating substrate 110 and thereby forming 

a channel r~g1on 111 'of a P typ~ TFT and channel regions 

112 and llJ of ~ type TFTs. Next. gate insulatinq film. 
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regions 114, 115 and 116 are formed hy means of ttiermal 
oxidacion or chemical vapour deposition, and then gate 
~lee~rcdes 117, 118 and 119 are foz.:med. 

Next~ as shown in Fiqure 4 (b), acceptor 
impuriti~s 120, for example boron, are implanted all 
over the surface utilising ion implantation techniques. 
Implanted acceptor impurities in reg~9ns 121, 122 are 
activated by subsequent heat treatment to form a P type 
~~mi=conduetor. Accep~or·impurities are also added to 
regions 123, 1~4, 125 and 126, which ~re to be the 
souree/dra~n regions of N type TF!.'s. 

After this, as shown in Figure 4 (e), the P type 
TFT~ covered by a mask material such as photo resist 
128, and donor impurities 127, such as phosphorus or 

15 ~rsenic. are implanted elsewhere with a higher 

20 
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concen~ration than that of the acceptor ;i.mpurities 120. 
Implanted donor impurities ·in the regions 123 tc 126 are 
~ctivated by ~ubsequent heat treatment. If the implant 
dosage of the acceptor ions is 1 x 10! 5 cm-

2 
and the 

implan~ dosage of the donor ions is 3 x 10l
5 cm=~, 

then the regions 123 to 126 conhain the equivalent of an 
implan~ dosage of the donor ions having a concentrati~ 

= Ui -~ of 2 x 10 cm . rn tnis way, source/drain reqions 
123 to 126 of the N ~ype TFTs are formed& 

Subsequen~ly, as shown in Figure 4 (d), an 
insulatinq film layer 129 is accumulated after removing 

ma~k ma~~rial 128, ~hrough holes are opened, a picture 
element ~lec~rode 131 made of transparent conductive 
film is formed and a line 130 made of metal or the like 
i~ formed. 

As described. a P ~ype TFT 132 and an N type TFT 
133 for ~arming th~ drive circuit and an N type TFT 134 

for forming a picture ~lement T!'T of the matrix panel 
rt i~ a matter of course that a P 
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type T!'T for the matrix panel can also be produced. The 
T~'"T~ thu5 obtained include a P type TFT havinq a~cep&or 

impurities in its source/drain region, and N type Tl'Ts 
h~vinq both acceptor impurities and donor impurities in 

their source/drain regions but with the latter having a 

hiqher concentra~ion than the foxmer. 
In the above process of manufacture, if donor 

impurities 127 are substituted for acceptor impurities 
120 in Figure 4 (b) and acceptor impurities 120 are 

10 ~ubstituted for the donor impurities 127 in Figure 4 

(e), an N type TFT 132 and P type TFrs 133, 134 as 

~hown in Figure 4 (d) are obtained instead. 
thus ob~ained include an N type TFT havinq donor 
impuritie~ in its source/drain region and P type TFTs 
having both donor impurities and acceptor impurities in 
their source/drain regions but the latter having a 
higher concentration that the former. 

A complementary TFT integrated c.ircuit can thus be 

formed. by adding the single photo process required to 
20 fo:on the mask pattern 128 in Figure 4 (c), as compared 

with the method of manufact~re for a mono-conductive TFT 
inteqra~ed circuit. As a result,. an activ~ matrix 

panel with a built~in drive circuit can be realised. 
From an ~conomical point of view, th~ above method of 

25 . roamlfact:t.u:e i·s an imprcvemen~, and it is not 

ineonv~nient to form a mask pattern independently for 

the ion i~plantation of accep~cr impurities and dcnor 

impuri6~~~- Fur~her. in the complementary ~FT 
inteqra~ed circuit manufactured by the above method, 

3~ ~ach TFT is s~parated in the form of an island on the 

insulating substrate 110 so that a specific process for 

elemene separation is not required. Further, being 
differenr. from an inteq:rated circuit made of mono~ 
crym:alline ~ilicon. no parasitic MOSFET i~ produced so 



6hat a channel stopper does no~ have to be formed. 

~ext, a means for =ealisinq a P type TFT and an N 

type TFT having balanced charac~eristics as required for 

a complementary inteqrated circuit will be described. 

T!"'Ts making use of the groups II to VI semi=ccnductor 

compounds have been known in the art for a long time. 

However, a complementary TFT making use of a compound 

~emi=conductor has not been realised for the following 

two rl!asons:-

10 (1) !t is actually impossible to con~rol and realise 

both P type and N type semi~conductors in the semi­

cond~ctor compound. 

(2) It is very difficult to control the interface . 

b~tween the semi-ccnduct:or compound and the insulating 

~5 filM for a MOS ccnst:ruction. · 

Accordingly, source/drain regions and a channel 

r~gion are made of silicon thin films. The carrier 

mobilities of a.l'morphous silicon thin film and of poly~ 

crystalline silicon thin film are shown in Table l. As 

~o ~hown by the Table, the poly~crystalline thin film is 

the be~ter fer realisinq a complementary T!'T integrated 

circuit because cb~rac~e~istics of P type and of N type 

~emi~conductors can easily be made well balanced and the 

c·1.u:renl:. ~upply capac.t ty of the TFT can be made larger. 

25 

:rn ~morphous silicon 

poly-crys~alline silicon 

TABLE 1 

:!! 
carrier mobility {cm /V sec) 

N type P type 

1 .R - " l.R - l 0.1 1 v v 

5 - 50 5 50 

~~x~ will be described a means for increasing the 

curr~n~ ~upply capacity of a TFT, ~specially P type and 



N type T!'Ts for forming a drive circuit as in the 
present invention. As described above, the trap 
density is high in a TF.r made of silicon thin f il.m which 
i~ not mono~crystalline silicon so that. the ON current 
is small and the OFF current is large in comparison with 
a mono~crystalline silicon MOSFET. Figure 5 is a graph 
showing a characteristic 140 of a moco=crystalline 
~ilicon MOSFET and a cbaraeceristic 141 of a TFT made of 
silicon thin film in the case in which the gace length, 

10 gate width and source/drain vol~aqe VD$ are the same. 
The abscissa represents ~he voltage VGS based on the 

source as the reference, and the ordinate represents 
the current IDS between the source and the drain. As 
shown by the graph, since the ON/OFF ratio of the TFT 

15 is ~mall, the TFT 29 for the picture element matrix and 
the TFTs forming the drive circuit 12 and 21 in Figure 1 
r~spectively should be forzned with the optimum· 
dimensions. For instance, when an i!mage i~ to be 
di~played makinq use of an NTSC video signal, the TFT 

20 29 for the picture element matrix shmild satisfy t:he 

2~ 

f cllowing equations within the entire temperature range 
whe?:ein the active ma1:rix panel i5 used. 

0.1 x c x R OFF1 ::> 1/60 (sec} (1) 
l -=' 

5 x c x R CNl < 10 {_P sec~ (2) -=-=' 
~ 

where c. represen~s the total capacity of a picture 
eleJ001ent, and R CNl and R OFFl represent ON resistam:e 

:rn and. OFF r~sist.ance of the TFT, respectively. Equation 
(1) is a condition to be satisfied by all of the picture 
el~men~~ in the mat:ix panel during a holding operation 

(holding condition}. and 90% and more of th~ electric 
~harge which is written in6o any picture element can be 
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held over for one field it ~b ~s satisfied. Equati.on 
{2) ~s a w~iting condition to be sa~isfied by all of. the 
pic~ure elemen~s in the matrix panel during a writing 
operaicion (writinq condition), and 99i and more of a 

~ video signal can be written into a picture element if it 
i~ sat:isf ied. 

On the other hand, a TF'T for forming a drive 
eireuit should satisfy the following equation within tbe 
~ntire temperature range wherein the active matrix panel 

10 is used. 

K x {C2RON2 + C3RON3) l/2f (3) 

where C2 and CJ re~resent the capacitie~ of junctions 

L~ 142 and 143 in Fiqure 2 (a~, RON2 and RONJ are the 
©utpu~ resistances of the clocked inverter 43 and the 
inver~er 41 of Figure 2 (a) respectively, f is the 
~lock frequency of the shift register 13 or 20, and K 
i~ a constant (K is approximately from 1.0 tc 2.0, by 

2c ~xperience). Acccrd.ing tc the actual survey or 
~i~ulation performed, RON2 and RO~J of the TFT for 
forming ~he drive circuit should be a tenth or less of 
RON1 cf a picture elemem: '!'FT in order to realise a 
~hif t register with approximately 2 MHZ of the clock 

25 fb~quency f. 
For =ealising ~ucn low output resistance, the 

gate length of the TFT for th~ drive circuit can be 
fon~ed as short.as possibl~ within the limits of the . 

briM.kdown .v@ltage uf!nd.tt:ed. Further, TFTs for the sample amd 

~o hold circuit 17, 18 and 19 5hown in Figure l permit a 
low~n: bir«!.l!!lufown voltage tilt.aim th@ Tf1'$ for the shift ire~iRter· 

·!J so chat the gate lengths of the former can be shorter 
than those of the latter. Figure 6 illustrates tbe 
definition of gate length L and Tabl~ 2 shows an example 
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of the gate lengths for each of the TFTs. In Figure 6, 

~ gate electrode 142 and a silicon thin film 143 makring 

up a channel reqion toqether define a gate length 144 

~nd a qa~~ width 145. 

TABLE 2 

~~~~ ~~=- ----, 

~ _ _ _ l J!ate!!n~tn Lf (!ml·- J 

I ™~~ L _P ~tv_p!., TFT~ ~ tvpe TIT j 
~~~~ictuire element:. matrix ! __ 2Q Jl r= - -- - -

It is also possible to raise the current supply 

eapa~ity of a P type TFT and an N type TFT by 

cons~rueting the TFT such that the thickness of the 

~ilicon thin film f c;ming the channel region is smaller 

10 than the maximWll.t width of the depletion layer extending 

over ehe surface of the silicon thin film. 

The ·maximum width X of the depletion layer.of 
:;} 114 A JC 

a P type TFT made of silicon thin film and the maximum 

width X of the deple~ion layer of an N type T!'T are 
~MAX . ~ 

25 represeneed by the following equations, respectively. 

:rn 

X g ( 2 e X 2 ~ FN ~ : / 21 
X ( q X N'A) - t I 2l • • • • ( 5 ) 

!\IMA lit C. 

where S rt'!preserrn:s a unit. elec:tric eharqe, E. is a 

dielec~ric constant of silicon thin film, ' FP 

r~presen~s a fermi func~ion for a P type TFT, ' FN 

r~prcsen~s a fermi funccicn for an N type TFT, and ND 
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and NA represent: equivalent donor and a.ccepeor densities 

for the channel regions, respectively. Further, 

equivalent donor and accep~cr densities are dete:r:mined 

by the density of the donor 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 film of the channel region in a P .type TFT and an N 

type TFT is formed tc be smaller than either X or 
PMAX 

!O X Figure 7 is a cross sectional.view of a T!T 
NMAX 
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where a depletion layer is formed. An insulating 

~ubstrate 146 carries a silicon thin film region 147 

fo~-minq a channel reqion, and ~ilicon thin film regions 

l48, 149 forming source/drain regions. A gate 

insulating film layer 150 is formed c:m the regions 147, 

148 and 149, and a gate electrode 151 is provided on 

the layer 150. Th~ thickness of the sili~on thin film 

i~ indicated ~y tsi, and the width cf the depletion 

layer formed on the silicon thin fil~ surface is 

indicat:ed by ~· 

. The basic crit~ria for providing the preferred 

·drive circuit for an activ~ r.m.'t·rix panel are thus 

establi~hed as follows:-

(1} Each drive circuit is given a static form composed 

25 of complementary TFTs. 
(2) A method of manufactur~ and a structure for a 

complem~ntary TFT integrated circuit are provided. 

(J} Th~ characteris6ies of the P type and of the N 

type semi-conductors are made to be well balanced. 

30 {4} T~e TFT design is improved so as to ~nhance the 

eapaeity for driving the load. 

Various further improv~mem:s will ir.ow be described. 

A first modif ic:at:.ior! in t.he form of a layout for 

an aeeive ma~rix panel is shown in Figure S, which is a 
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plan view of an acbive ma~rix panel 160 showing the 

l~you~ of each of the circuit blocks. A source line 

drive circuit 161 (and/or 162) is formed at the 

periphery of the active matrix panel 160 at the top 
(and/or bottom) as illustrated, in order to fo:rm a 

normal image, and a shift reqister 163, a buffer 164, 
a video signal bus 165 and a sample hold circuit 166 are 
~rranqed one inside the other relative to the periphery 

within the source line drive circuit 161. A gate line 

drive circuit 167 (and/or 170) is for:m~d at the left 

(and/or the right) hand periphery of the active matrix 

pane~ 160 and a sbif t register 168 and a buff er 169 are 
@rranged in order inwardly f ~om the periphery within the 
g~te line drive circuit. A picture element matrix 171 

15 i~ formed at the centre of the active matrix panel 160 

for connection to the source line drive circuit 161 
(162) and the qate lirie drive circuit 167 (170), and 
input terminals 172, 173, 174 and 175 are arranged at 

th~ corners of the panel. Signals are trw..~smitted 

20 within ~he panel in use in the directions indicated by 

arrows 176 to UHL Limited ~pace can be put to the 

most effective practical. -use by the layout. as des.eribed 
abov~. 

Furth~r. a layout as shown in Figure 9 is 

25 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 ~wic~ ~ueh spacing). In Figure 9 
the cell~ 196 to 198 have a width D corresponding to the 

30 ~pacing between picture elements (or twice such 
~pacing). Arranging the drive circuit in repeating 
cell~ having a cell width D, while ~lso employing the 

layou~ in Figure 8 makes effectiv~ use of the overall 
~pace available. In Figure 9, the cells 196 to 198 
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·. 
are shown surrounded by broken lines. A positive power 
smu:ce line 184 and a neqa.ti ve power source line 185 are 
connected to reqions 186 to 191 of silicon tbin film 

1 fotming the source/drain and channel regions of a P type 
TFT and to regions 192 to 195 of silicon thin film 
f c~"ming the source/drain and channel regions of an K 
type TFT. The eleaents of each TF.r can be separated by 
~tching the silicon thin film to form isolated areas 
reg~rdless of homo~polarity and hetero~polarity. There~ 

l~ fore. for instance, a distance ! be~ween the region 
192 of silicon thin film of the N type TFT and the 
region 187 of silicon thin film of the P type TFT and a 
distance b between tbe two regions 187 and 188 cf 
~iliccn thin film of the P type TFT can be made substan~ 

13 tially equal to each other. According to the invention, 
the number of elements in the direction in which a un~t 
c~ll is· repeated can be increased by arranging an 
i~olated area of silicon thin film of the P type TFT and 
an isolated area of silicon thin film of the N type TFT 

20 ~lternat~ly, utilising the above characteristics 
po~itively. 

In order to ~ncrease the number of elements 
further, the following means may alse be· employed. 
Figures 10 (a} and 10 (b) illustrate an inverter 

23 eo~posed of complement~ry TFTs and formed between a 
po~itive power source line 199 and a negative power 
~ource line 200. In Figures 10 (a} and 10 (b), 
t~rough holes 201 and 202 are provided for forming 
con~ac~ between a source region and a gate electrode 

3~ lOJo At first, a P type region 204 and an N type 
r~gion 205 are provided in an i~olated area of silicon 
thin film with a boundary 208. Next, a contact with 
the drain region is formed by a through hole 206 and an 
outpu~ li~e 207 fer the inverter is added. 
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A second modif ica~ion of the invention concerns 
the reduction of clock noise in the source line drive 
circuit. As shown i~ Figure 1, the source line drive 
circuit 12 is provided with video signal buses 14 to 16 

~ and a line (connected to ~he terminal 34) for trans­
mitting at least a pair of relatively inverted clock 
signals CL and CL 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 

:o stray capacitance fo:nmed between any v~deo signal bus 
and the CL line and that formed between the same video 
~ignal bus and the CL line, noise in the foJ.ll of a 
spike synchronised with the clock signal is added to the 
video signal. As a result~ unevenness occurs in the 

15 display in the form of a line in the picture produ~ed by 
the .ac~ive matrix panels. 

As shown in Figure 11 {a}, the above described 
clock noise may be reduced by a twisted arrangement for 

~.==sat 

th~ CL and CL lines. Figure 11 (a) illustrates a source 
~O line .drive circ~it comprising a shift register having 

unit cells 210 to 213, a sample hold circuit comprising 
T~""Ts 214, 215, a pi.cture element matrix 216, and a 

video signal bus 217. CL and CL lines 218 and 219 
cross each. other ( i .. e. are tw1sted) at their centres 

25 . ~pproximat.ely. Eence, the average distance between the 
CL line 218 and the video signal bus 217 and the average 
distance between the CE line 219 and the video signal 
bus 217 ar~ made to be app~oximately equal to each 
other. A5 a result. the value for the stray capaci-

30 ~ance (CSl + CSJ) which is fo~ed between the CL line 
218.and the video signal bus 217 is made to be equal to 
the value for the scray capacitance (CS2 + CS4) which is 
formed between the CL line 219 and the video signal bus 
211. Further, as shown in Figure 11 (b), the rising 
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edge of the clock signal CL corresponds to the trailing 

~dqe of the clock signal CL, and vice versa. Cans&.-­

quently, clock noise added to the video signal can be 

reduced sharply to realise a clear display in the · -3 picture. Further, the CL and CL lines may be twisted 

(cross over) a plural number cf times. 

A third modif ieation of tbe invention seeks to 

make the resistance of the connections to the sample 

hold circuit uniform. Figure 12 illustrates tbe· parts 

10 of a source line drive circuit such a5.tbe one shown in 

Figure 1, including a shift register 230, video signal 

buse~ 231 to 233, a sample bold circuit comprising TFTs 

234 to 236, and a picture element matrix 240. Picture 

el~ment signals correspondi~g, for exampl~, to the 

15 primary colours red (R), green (G) and blue (B), are 

tr~nsmitt~d to the three video signal buses 231 to 233 

and then the combination is changed by a single 

horizcnu::a.1 scan. Since these three video signal buses 

r~quire a low resistance, a metal such as alwninium is 

2(] pr~ferahly used for each line. On the other hand, when 

the·s~rueture of Figures 3 (a) or 3 (b) which is 

considered tc be the most effect..ive· from an economical 

pain~ of view i~ adopted, the same material as that 

employed for the gate electrodes 60 and 81, such as 

25 poly~crystellline thin f i.J.nu, i.s used for lines 237 to 

239 f rcm ~he video signal buses to the sample hold 

circuit. Ir. this case. the sheet resistance of poly~ 

crys~alline silicon thin film is much higher than the. 

r~sistanee of the video siqnal buses. and the lenqths 

JO of ~he lines 237, 238 and 239 cannot be equal to each 

other if these lines are straigh~, whereby the 

r~sistance of the lines 237 to 239 also will not be 

equ~l ~o each other. As a result, the picture 

displayed may be uneven and include lines. However, in 
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the present invention, the lines 237, 238 and 239 are 
fo::med such that their resi8tances axe made equal to 
~ach other. For example, the line width w may be kept 
constant and.the line length L of each line 237 to 239 

~ may be made equal, or the line length L of each line 
may differ and the line width w may vary respectively 
b~tween the lines 231 to 239. 

A fourth modification of the invention is directed 
towards increasing the slow speed of a drive circuit 

10 composed o~ TFTs. As shown in Figure.5, since the 
perf oraance of a T!"'T ·is inferior to the performance of 
mono~crystalline silicon MOSFET, the speed of a shift 
register made from TFTs is not fast enough to drive an 
active matrix panel. rn order to make up for this slow 

15 ~peed, the.circuit ·struc~ure as shown in Figure 13 (a). 
and operation as shown in Figure 13 (b) may be utilised. 

In Figure 13 (a), a start signal DX and clock 
~ignals CL x 1 and CL x 1 are applied tc a first shift 
reqist~r 250 included in a source line drive circuit fer 

20 g~nerating sampling pulses 252, 254 and so on. Further, 
- ---::EE;;;;;;i 

a start signal OX and clock signals CL x 2 and CL x 2 
are applied to a se·comi 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 

25 connected by way of TFTs 256 to 259 of a sample hold 
circuit and source lines 261 to 264 to a pictu~e element 
matrix 260. The ~ignals v, DX, CL x l, CL x 1, CL x 2, 
CL x 2, and the pulses 252 to 255 output from the shift 
registers 250 and 2S1 are shown ·in Figure ll {b) . 

.:rn The source line drive circuit shown in Figure 13 
(a) is provided with the two ~hift registers 250 and 
251, which are driv«Hl by clock signals CL x 1 (CL x ·-n3 

and CL x 2 fCL''i-iJ wlhich are approximately 90c out of 
ph~s~. When che 5ouree lin~ drive circuit is provided 
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with a number N of shift registers, each shift register 
should be driven by a respective clock signal and the 
inveri:ed eloek signal wherein the phases lag by appraxi~ 

0 . 
mately 180 /N. If the freaueney of CL x 1 and CL x 2 

d is ~a.ken as ~, the sampling pulses 252 to 255 are 
genera~ed 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 

10 frequency 4f is realised by means of shift registers 
which are driven by a clock signal of frequency ~, which 
results in an effective compensatio11 for the slaw speed 
of a shift register made up of TFTs. When the above 
described source "line drive circuit is provided witll a 

15 number N of shift registers, sampling with a frequency 
2Nf can be realised by means of shift registers which 
are driven by a clock signal cf frequency f. 

A fifth modification of the invention provides 
means for testing each output f rem the souree line and 

20 gate line drive circuit. Figure 14 illustrates this 
modification, . which includes a shift register 280 as 
par~· of the source line drive circuit, a video· signal 
bus te~inal 281. a saJ!lllple~nd hold circuit ccmprisinq ~ 
TFT 282, a source line drive test eireuit 283, a 

25 control terminal for the test circuit 283, a test 
~ignal output terminal 285 and a source line 286. A 
respective test circuit 283 is ~dded to each source line 
286. Likewise, a shift register 287 forming part of a 

gat~ line drive circuit is eonn~cted to a gate line test 
JO eircuit 288 having a test ~ignal input telt'm.inal 289 and 

a test signal output terminal 290. A gate line 291 
leads from the gate line drive circuit to a picture 
~lemen~ matrix 292. A respe~tive test circuit 288 is 
add~d to each gate line 291. 
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The test circuits operate as follows: the test 

eireuit. 283 is turned ON by way of the terminal 284 'fer 

testing operation of the source line drive circuit. In 

this condition, the shift register 280 is scanned after 

d a predetermined test siqnal is supplied to the video 

9ignal bus terminal 28le At this time, if a signal 

which meets standard requirements is serially output at 

the test output terminal 285, the result is considered 

as n Good n and, if not, it is considered as "Poor1
• • 

10 For testing the gate line drive circuit, the shift 

register 287 is likewise scanned when a predetermined 
test signal is input. At this time, if a signal which 

meets ~tandard requirements is serially output at the 

test output terminal 290, the gate line drive circuit 

15 is considered as 11 Good11 and·, if not, it is considered 

as "Pooru. In this way, electrical tE!sting of an 

active matrix panel, can be done automatically, whereas 

in the prior art testing has been by visual observation 

of a displayed test pattern. 

A sixth modification of the invention involves 

.previding a storage capacito= in a picture element 

wit:h(n.n: an additional precess durin·g manufacture. 

Figu~e 15 (a) illustrates the circuit of sueh a picture 

~lemen~, and Figure 15 (b) is a cross section through 

25· the pie~ure element. As shown in Figure 15 (a), the 

picture element comprises a TFT 302, which operates as 

a switch and which is connected to a source line 300 and 

a gate line 301, a liquid crystal cell 303, a counter 

electrode terminal 304, a metal oxide semi-conductor 

:rn capacitor 305 (hereinafter referrad to as a MOS 

capacitor) having a q~te ~l~ctrode 306. Turning to 

Figure 15 (b), transparent insulating substrates 310 

~nd 324 have s~ndwiched therebetween 5ilicon thin film 

reg~ons 311 to 315, gate insulating film regions 316 
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and 317, ga~e electrodes 318 and 319, an insulating 
film layer 320, a line layer 321 which forms a scuJ:Ce 
line, a transparent conductive film layer 322 which 
forms a picture element electrode, a counter electrode 

5 323 including a transparent conductive film layer, and 
a layer of liquid crystal material 325. 

The Tr! 302 fo?:med by the portion indicated by the 
reference nuaeral 326, the regions 311 and 313 
providing the source/drain regions thereof and the 

10 region 312 fanning the channel region. _ The MOS 
eapaeitor 305 is formed by the portion indicated by the 
reference numeral 321, with the regions 313 and 315 
providing the souree/drain regions thereof and the 
region J14 forming the channel region thereof. 

15 A~ shown clearly in Figure 15 (b), since the MOS 
c~paeitcr 305 has entirely the same cross sectional 
struc~ur~ as the TFT 302, it is not necessary to add 
any special extra manuf aeturing process in order to foI.'m 
the MOS capacitor 305. However, if the MOS capacitor 

20 305 is to be used as a storage capacitor, it is 

necessary to maintain a condition wherein a channel, 
that is an inversion· layer, is formed.at the. region ll4e 
A predecermined voltage potential is applied to the gate 
electrod~ 306 (319) of the MOS capacitor 305 so as to 

25 turn ·the latter on for maintaining this condition. For 
@Xml!!lple. a positive 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 insulatinq film is normally formed to be extremely 

JO thin, a storage capacitor produced as de~cribed above 

can be from five to ten times as large as a storage · 
capacitor making use of a conventional insulating film 

layer. This is very effective for economising cm the 

area employed by the s~oraqe capacitor. Therefore, it 
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becomes possible to increase the aper~ure ratio of the 
~ctive matrix panel. 

A last modification of the inven~ion ccncerns the 
mounting of an active matrix panel having a built~in 

: drive circuit~ Fiqure 16 (a) is a cross sec~ion through 
an arrangement 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 

10 is fo::med, a sealing member 334, a filling of liCJUid 
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.protective member 339. A 
r~eess 336 in the mounting substrate 335 adjacent the 

15 · aperture 340 is effective for ensuring a strong 
connection by. the wire 338. A shading member 337 is 
advantaqeously 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 

20 picture element matrix is advantageously provided on the 
transparent substrate 330 for improving the external 
@ppear.am::e. of the activ~ mat:r·ix panel when used as a 
display· device. Figure 16 (b) is a.plan view of the 
arrangement showing the picture element maerix 341 

25. supported by the mounting substrate 335 over the 
aperb~re, which is indicated by the dotted line 342. 

Since the stress en the wire 338 is uniform with 
this arrangement, the strength of the connection is 
improved. Further. when the active matrix panel in 

30 aecordanee with this embodiment is· utilised as a trans­
mission typl! dis.play device and a light sotl!rce is 
provided at its rear face, the leakage of unnecessary 
liqnt f rcm ~he periphery of the picture element matrix 
can be prevented and an improv~d ~xternal appearance is 



obtained. 
Two applications of the invention will now be 

described. 

A first application of the invention is in an 

~ electric view f ihder (hereinafter referred ta as an EVF) 

of a video canera or the likee 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 

10 consumption and a high resolution density can be 

· obtained. As a. result. 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 

15 to supply a composite video signal on a line 362& The 

EV!' 353 comprises a drive cireuit 354, including a 

chroma circuit, a synchronised timing s1gnal fo.r:mation 

circuit~ a liquid crystal panel driving signal 

formation circuit, a power source and a back light 

20 driving circuit. The EVF further comprises a ligbt 

source 356 for providing the back light, a reflector 

355, a _diffus~r 357, polarisers.JS& and 360, an 

active matrix panel 359 according to the invention and a 

lens 361. 

25 Such a structure offers the following benefits, 

which have not been obtained by an EVF employing a 

conven::ion.al cathode ray tll!be. 

(1) A colour EVF havinq an extremely high resolution 

with a picture element spacing of 50 microns and 

J~ 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. liqht weight, space saving 

desiqn of EVF can be realised. 
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(3) ·The shape of the EVF can be more freely chosen, 
and even a novel design in which the EVF is flat is 
possible. 

Another application is in a colour di&play 
5 projector, in which the active matrix panel is_ employed 

as a liquid crystal light valve. Figure 18 is a plan 
view of sueh a colour display projector. White light 
emitted from a light source 370. such as a halogen 
lamp, · is condensed by a parabolic mirror 311 and is 

10 filtered to cut out heat rays in the i~fra~red region by 

heat ray cutting filter ~72 so that only light rays in 
the visible spectrum enter t~e d!chroic mirror system of 
tbe projector. First, blue light (light having a 
wavelenqeh of about 500 nm) is reflected by a blue light 

15 reflection dichroic mirror J 13 '· other light (e.g. 

yellow light) being transmitted therethrough. The 
r~f lec~~d blue light is directed by a reflection mirror 
314 into a blue light modulation liquid crystal light 
v~lve 378. The light transmitted through the blue 

20 light reflection dichroic mirror 373 strikes a green 
light reflection dichroic mirror 375, and green light 

.. (light having a wavelength of ·about 500 · r..m to 600 mn) is 

r~flected while the other light, that is red light 
(light having a wavelength of about 600 nm and longer), . . 

25 i~ transm.itt.ed therethrouqh. The reflected green light 

~nters a gr~en light modula~ion liquid crystal light 

valve 379. The red light transmittGd through the green 
light raf lcction dichroic mirror 375 is directed by 

reflection mirrors 376 and 377 into a red light 
30 modulation liquid crystal valve 380. 

The blue light, green light and red light are 
modulat~d by the liquid crystal light valve~ 378, 379 

and 380. each. of which compri~es an aet..ive matrix panel 
accordir.q to the invention driv~n by a prirnary colour 
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signal. such as blue, green and red, and are then 
~ynthes1sed by a dichroic prism 383. The dicbraic. 
prism 383 is so constructed that a blue light reflection 
~urface 381 and a red light reflection surface 382 cross· 

: on~ another at right anglese The thus synthesised 
colour image is nag'llif ied and projected o~to a screen by 

a·projeetion lens 384. 
such a structure offers the following benefits, 

which have not been obtained by a colour display 
1~ projec~or employing a conventional cathode ray tube as a 

project:ion tube. 
(1) A projection lens with a small apertQre ean be 
used for the projection le:;m.s· 384 Jb_ecause the liquid. 

crystal light valve can .be made smaller and of higher 
15 resolution than is possible with a cathode ray tube. 

Therefore, 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 

20 projection lens with a smail aperture is utilised. 
(J) Gocd registration of the three colours can b~ 
obtained because the optical axes of the red, green and 
blue light valves are fully aligned relative to each 
other by the dichroic mirrors and dicbroic prisms. 

The present invention, therefore, provides a 
number of benefits and adva:nta.qes. 

Firstly, the following advantaqes can be obtained 
by f orr.\ing the gate line/source linG drive circuit ma.de 
of complementary TF'l's on the same transparent substrate 

30 as the picture element matrix in accordance with the 
inventlcm. 
{1) In the prior art, the degree of resolution is 
limited by the mmmtinq of the drive integrated circuit. 

Thi5 limitation i5 removed by the built-in drive 
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.. 
integrated circuit of the invention. As a result, a 
liquid crystal panel.having a picture element spacing cf 
500 microns and less can be obtained in accordance 
with the invention. 

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

10 (3) Since the step of attaching an external drive 
integrated circuit is unnecessary, a low cost display 
device can be obtained. 
(4) Since the connection cf an external drive 
integrated circuit is not required_, the reliability of 

15 ~he display device can be improved. 
(5) The low current consumption which is an intrinsic 
f ~ature of the present active matrix panel obtained by 

foi-ming the drive circuit with complementary TF'ts 
results in low current consumotion in the whole display 

20 d~vice. This is an important feature, which makes the 
application of the invention in an EVF for a video-

. eamera and a portable imaqe monitor feasible .. 
Secondly, not only is low power con:1mmjption 

achieved bu~ also 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 regis~er. A TFT has a high OFF current 
charae~eristic as shown in Fiqure 5 and the temperature 
dependency of the OFF current is also large. This 

3~ defect of the TFT is compensated by a static type of 
~hift reqister, and so the voltage range and frequency 
range can b~ expanded. 

Thirdly, due to the structure wherein first polar 
impurities are included in the firs~ polar TFT source/ 



32 

~. 

drain reqion and both first and second polar .impurities, 
with the latter having a higher density than tbe foliller, 
are included in the second polar TFT source/drain 
region, an inexpensive complementary TFT inteq~ated 

5 circuit can be obtained by the addition of a sin9le 
photo process to the conventional precess for aanu~ 
facturing a known mono-conductive type TFT. Farther, P 
type and H type TFTs with well balanced perfo::mances can 
thus be obtained. 

10 Fourthly, the gate which fonim the drive circuit 
is f o~ed to be shorter than that of tbe TFT which forms 
th~ pieture element matrix, so that the actuating speed 
of the drive circuit ean be improved and the writing and 
holding of electric charge in each picture element ean 

15 b~ maintained in the ~ptimum condition. 
Further, the various modifications of the 

invent.ion described above provide the f ollcwing 
beneficial effects . 

. Firstly, the pattern layout as shown in Figures 
20 8, g, 10 {a} and 10 (b) enhances the arrangement within 

the drive circuit(s) .so that unit cells can. lbe fo.rm~d 

within a defined pitch corresponding to the sp~cinq o~ 
the picture elements. 

secondly, clock noise in the video signals can be 
25 r~moved to the point of rendering any corresponding 

unevenness or unwanted line. in the picture displayed 
below th~ level of visibility. 

Thirdly, the resistances of the connections to 
the sample and hold cb:cuit mni mmde uniforM alou11g each 

JO ~ource line so that the writing level of the display 
signal to all the source lines is rendered uniform., 
which avoids·unevenness in the fo:r:m 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 
Figur@ 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.· 

5 Therefore, an active matrix panel having a built~in 
drive circuit of high resolution can b~ obtained. even 
when TFTs, whose ON current is not necessarily large 
enough, are employed. 

Fifthly, by providing a test circuit for the 
10 output of each drive circuit, checking the active 

matrix panel, which has previously been carried out by 

visual examination of a display test pattern, can be 
carri~d out electrically and automatically. 

Sixthly, the structure for a storage capacitor 
15 as she~ in Figures 15 (a) and 15 (b) may be employed in 

each picture element to hold the electric charge in each 
picture element more steadily but without either 
increasing the cost of production or decreasing the 
aperture ratio. 

20 seventhly, . the mounting structure as shown in 
Figu:n.~s- 16 (a) and 16 ( b) oot only imp-roves the 

ecnnecticn strength and the reli~bility_of the panel but 
also prevents the leakage of unnecessary light ·around 
the periphery of the picture element matrix in the event 

25 that back lighting is used with the active matrix panei 
of the invention to construct a transparent display 
device. 

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

30 advan~agcs. 

Firstly, effects which cannot be obtained by the 
use of a conventional cathod~ ray tube in an EVF can be 
obtain~d by the application of the invention to the EVF 
of a video camera. 
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(l} An extremely high r~solution colour EVF with a 

picture element spacing of 50 microns or less can be 

realised by the use of an active matrix panel which is 

provided with a colour filter. Further, low power 

~ consW!lption results. 

(2) An extremely small and light weight EVF can be 

realised· in a space saving manner. 

{J) The shape of the EVF can be selected more freely 

so tha~ a novel design, for example a flat EVF, can be 

10 provided. 

Secondly, effects which cannot be obtained by the 

use of a conventional cathode ray·tube can be obt.a.ined 

by the application of the invention to a colour display 

projector. 

15 (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. 

20 {2) Due to the high aperture ratio o~ the active 

matrix panel, light d~splay can be obtained even with a 

~rejection lens wi~h a s~ll aperture. 

(3) Unlike the projection tube employing the cathode 

ray tube, the optical axes of the light valves for each 

25 colour, namely red, green and blue, can be made to 

coincide by the dichroic mirrors and dichroic prisms so 

that the registration of the three colours can be 

achieved satisfactorily. 

:rn 
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1. . An active matrix pand comprising a picture element matrix (22), which is 

mounted on a tmmparent substrate fll, 86) mtd which includes a plurality of gate lines 

(24, 25)~ a plumity of source lines (26, 27, 28) and a plurality of picture elements (32~ 

33), each of the picture elements incb.tding a thin film tnnsistor (29, 101), the active 

matrix pmel further co~prising a gate line drive circuit (21) and a source· fuae drive 

circuit (12) and being· characterised in that at Reast one of the gate line drive circuit and 

the source li.ne drive c~uit comprises a static shift register composed of a plurality of 

oompiemmtuy thin film transistors (47 to 56; 58, 59; 99, 100) provided on the 

transparent substrate. 

2. A pancl ·according to claim n, characterised in that the gate line driv~ circuit 

(167) comprises a:·shlft regis;er (168) and a buffer (169) armged in that order with the 

buffer closer to the picture element matrix. 

3. A panel according to any p~ing cnaim, characterised in that the source line 

drive circuit includes a sample and hold circuat (166). 

4. A pruael according to claim 3, characterised in that the gate length of a thin film 

~sisror in the sample and! hold circuit ( 166) is Ress than the gate length of a thin film 

transistor in the shift register 063). 

5. A pand according to any preceding daim, characterised in that the source iine 

drive circ11Jit has a pair of clock Hnes (218. 219), whnch cross one another. 
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6. A panel according to any preceding claim, ~ by testing means (283, 

288) for resting each output from the gate line drive circuit and the source line drive 

circuit. 

1. A pmcl according to any preceding claim, whemm the shift register of at least 

one of the pt.e line drive circuit and the source Une drive circuit is in the CMOS 

oonfigumtioo and includes thin film transistors of P type mid N type, each having a 

~g region for separating source and drain, the separating region of the P type 

·nnsistor having a thickness which is 1~ than a maximum calcuimted depletion layer 

1 O tt:hiclmess XpMAX, mul the separating region of the N type transistor having a thlckaas 

which is less than a maximum calculated depletion layer tl!Uclmess XNMAX, where: 

· aL UL 
XPMAX = (ls. x 2 4>t'P) 0 • x (q x ND) - n 

XNMAx = (2& x 2 4»fN) 1h x (q x NA) -nn 

15 ·q = a unit of electric charge, 

& = the didecti.c constant of a thin silicon film 

tfP = the fermi energy of a P type TFT, 

tfN = the fermi energy of an N type TFT, 

ND = equivaD.ent donor density of the thin smron mm formed between the 

UsoCiatm gate insulating I.ayer Md the SUbSb:1lle, 

NA = equivalent acceptor density of the thin silicon film formed between the 

associated gate immhiting layer and the substrate. 


