1~ 3 ACTI VE -MATRI X PANEL 41 rfent | on
rel

tes to an acti've matrix:panel . A conventional active matrix
liquid crystal panel as disclosed in "SID 83 digest pp. 156 - 157,
B/ W and colour LC video displays addnessed by polysilicon TFTs"
(Morozum et al) is illustrated in Figure 19. Such an active matrix
panel 1 conprises a picture elenent matrix 10 2, which utilises thin
filmtransistors and which is forned on a transparent substrate.
Gate line drive circuits and source_ljne drive circuits 4, in the
form of MOS integrated ci rRafi¥®cofipoRed of AMBHO- cryst al
silicon, are attached to the edges of the active matrix 15 panel 1 as

shown, | each 01 ve'c syl Lodielh ABUILES, 08 o s SBERREFLBpbAT 11°
the active natrlx panhlconventaomalpa@sawe matnbunt iggidubsysted Eapeévydes

bot h Al BUOROT Ln T8z .ipy fé%% gubssgaless3, angﬁkhgnao
active natrlx pane 1 and electrical conn befmee rrve
circuits 4 and XG&ehAC cTider tdispiay Sse@ by polysilicon T¥FIs”

{Morgzumi et al) is Lllust rated in Figure 19. Such an
active matrix panel 1 ccmprises a picture element matrix
2, which utilises thin film transistcrs and which is
formed cn a transparent substrate. Gate line drive
circuits and source line drive circuits 4, in the form
of MOS integrated circuits ccmposed of m@nOaczyétal
silicon, are attached to the edges of the active matrix
panel 1 as shown, each drive circuit 4 being mounted on
a mespective flexible substrate 3 and being connected to
the picture element matrix 2 of the active matrix panel
1 at pads 5. A mounting substrate 6 provides beth
mechanical support for the flexible substrates 3 and the
active matrix panel 1 and eiectrical-connection between
the drive circuits 4 and external circuitry (not shown).
' This conventional arrangement has the following
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disadvantages:
(1) High resolution is prevented.

In the prior art, each source or gate line of the
active matrix panel ! ‘s connected to the assoc1ated
drive circuit 4 at a respective pad 5 sc that close

- pesitioning of the picture elements is limited by the
pad interval required for forming the connections during
mounting. Therefcre, mass production of the active
matrix panel with a picture element spacing of 100
micrens or less is very difficult and so high resolution
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cannot be obtained.



Thi s conventional arrangenment has the foll ow ng di sadvant ages:

(1) Hgh resolutionis prevented. 25 In the prior art, each
sour.ce or gate line of the active matrix panel 1 is connected to the
associ at ed drive circuit 4 at a respextive pad 5 so that close
positioning of the picture elements is limted by the pad i nterval
required for formng 4 he connections during” 30 nmounti ng. Therefore, nass
producti on of. tIﬁéEact Migiaturisemtenx ofande wWitdplapidawiree elemrent spaci ng
of 100 Sralanekgs €SS is very difficult and so high resol ution
cannot be obtalhe (2) Mniaturisation of the display
device is prevéft 8§e conventicnal BXIARGESGNFeRHHTRILMh FiGFeent

shown in Figureig, each9drieachidei(e Qi F%”lmbuﬂnt'eﬁ HRIHY T mw'a&lwe

active natrlx panel .1 so that the external nS|ons o;ﬁg
mount i ng substr?@@réxhaégeéo b&%a* 6hrtﬁeo?xF?FPﬁla 1mensions, tgﬁhln as

t he di nensi ons mbutibéngi stbseratenenhave to pedlr ifouth obhdridhdy as the
dlnen5|ons of t? rgésgggln as the dimensicns of the picture element
matrix 2. Therefore, the dimensicns cof the display
device employing the active matrix panel 1 must
inevitably be larger than the dimensions of the picture
element matrix 2, which is the portion contributing to
the display, and this limits the applicaticn of the
active matrix panel in a micreo-monitor, such as a view
finder for a video camera.

e e (3) The production cost is expensive.

The production of a display device employing the
arrangement shown in Figure 19 involves the process of
connecting the flexible substrates 3 with the active
matrix panel 1, the process of connecting the drive
circuits 4 with the flexible substraﬁes 3, eé&nd the
process of mounting the flexible substrates 3 and the
active matrix panel 1 on the mounting substrate 6,
which renders production expensive.

(4} The reliability is low.
Due to the many connections, £for example between

the active matrix panel 1 and the flexible substrates 3
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and between the drive circuits 4 and the flexible
substrates 3, and the stresses applied to the
connecting portiens in use, the connecting strength has
been found to be insufficient. Thus, the reliability
of the whole display device is inherently low, whereas
the expense of ensuring reliability is great.

It is an object of the invention to overcome the
above problems and to provide an improved active matrix



devi ce enploying the active matrix panel 1 nust i nevitably be | arger

than the di nensions of the picture el emrent matrix 2, which is the
portion contributing to ~ the display, and this limts the
application of the active matrix panel in a mcro-nonitor, such as
a view finder for a video canera. 15 (3) The production cost is
expensi ve. The production of a3di splay device enptoying the
arrangenent shown in Figure 19 involves the process of connecting the
flexible substrates 3 with the active matri x panel 1, t he process
of connecting the drive 20 circuits 4 with the flexible substrates 3,
and t he process of nounting the flexible substrates 3 and the

active matri x panel, 1, on the nounting substrate 6, . . . whi ¢ n ers
producti on chasehs¥iigh is !‘EGXWQW?MffH@?ém#QEW@‘}W@h%\@MOPW& Due to

t he many connegti.ons, . for e | e between the active matrix panel 1
and t he flexﬁm@u%ﬁﬁq@gﬁé’?u@ . and between the drive circuits 4 and

t he flexibl t 3 d t.he st . '

coﬁnecte;(lng Sort [ oﬁ@%gggﬁé W&Egjr‘f@@ e’r@%ﬁ?%ﬁ%ﬂ@%ﬂi@wmound

‘o be i FEDc : oot ] ok edi

qui gel in:ui n@ﬁ@h@? 39%{%@%29% M)’t e e%gﬁgg%fﬁéﬁ ‘ ggﬁgﬁél ity
Is greals (71, 86) and whfch'ilécéa&s%b#aﬁnga}%@af §418 1ihé0V@A] D)) al PluRKEY SORrded Ines

above probl ehs and to provide an ed active matrix
{26, 27, 28) and a plurality of picture elements (32, 33), cach of the picture elements

including a thin film transistor (29, 101), the active matrix panel further comprising a

gate line drive circuit (21) and a source line drive circuit (12) and being characterise : i
that at least one of the gate line drive circuit and the source line drive circuit comprises.a
10  static shift register composed of a plurality of complementary thin film transistors @7
36; 58, 59; 99, 100) provided on the transparent substrate.
Preferably the gate line drive circuit comprises a shift register amd a buffer
arranged in that order with the buffer closer to the picture clement matrix.
Conveniently, the source line drive circuit incliides a sample and hold circuit.
15 The gate length of a thin film transistor in the sample and hold circuit may be less
than the gate length of a thin film transistor in the shift register.
Typically, the source line drive circuit has a pair of clock lines, which cross cne
another. The panel may include testing means for testing each output from the gate line
drive circuit and the source line drive circuit.

20 Such an active matrix panel can advantageously be




3 ° panel , which is inexpensive and has a small size and which is

capabl e of both high resolution and high reliaility.

Accqording to the present invention, there is provided an active matrix
panel conprising a picture elenent médtrix (22), which is nounted on
a transparent substrate 5 (71, 86) and which includes a plulity of gate
lines (24, 25), a plyality of source |ines . (26, 27, 28), and a
plurality of pi cEBP&O¥REnaAt 3n(gRecszlic #agW SANERE FP& & & IGSSh&Rmera,

including a thinafibAitbanebst 8r pb2PapilflyTr! Bodatheva ikel.ri x panel further
conprising a gate line drive cirgujt (21) and_.a I | i Liv
circuit (12) and bei ng-tBatBKeBELQB(WEA- =€ Cegfiiogp Fé%gF@%hekﬁfw%ﬁbcghte
line drive circuekampllet hewsenr eefbirdredr tyether accompanyingedrawings,
static shift regl;ter.cggposed of a plurality of conplenentary thin film

transi stors (47 th Whie: 56; 58, 59; 99, 100) provided on the transparent
substrate. Figurpéeclabsyatbbrgait fiagram 9§ anr aGrdveomptrdds a

shift register angh g bhEAyving the present invention;
Figures 2 (a) to 2 (f) show examples cf the
detailed structure of a drive circuit shown in Figure 1;
"Figures 3 (a) and 2 (b) are cross sections through
parts of the active matrix panel shown in Figure 1;
Figures 4 (a) tc 4 (d) iliustrate stages in the
method of manufacturing an active matrix panel according
to the present invention;
. Figure 5 is a graph showing the characteristic of
a thin £ilm transistor employed in the inventiocn in
comparison with that of a mono-crystalline silicon
MOSFET ;
Figure 6 is a diagram for illustrating the terms
“gate length" and “gate width"; .
Figure 7 is a cross sectiocnal view through a thin
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£ilm transistor employed in the invention showing.
depletion layer width ané £ilm thickness in a layer of
silicon thin £ilm;

Figures 8, 9, 10 (a) and 10 (k) illustrate a first
nodification of the active matrix panel;

Figures 11 {(a) and 11 (b} illustrate a second

(5%
e

modification of the active matrix panel;

Figure 12 illustrate a third modification of the
active matrix panel;

Figures 13 (a) and 13 (b} illustrate a fourth
modification of the active matrix panel;

Figure 14 illustrates a fifth modification of the

active mactrix panel;



arranged in that order with the buffer closer to the picture el enent

mat ri x. Conveniently, the source line drive circuit includes a
sanple and hold circuit. 15 The gate length of a thin film
transistor in the sanple and old circuit My be |ess than the gate
length of a thin filmtransistor in the shift register.

Typically, the sourc I|ne drive circuit has pair of cl ock es, which
crdss one anotHigrureshe halfel «rﬂcqféuﬁel%%ﬁ?%ﬁ%%n%;"*&n t esting

each output fremdire @fﬁ@d id® the actiVd a€fifUpan&lgd the source line

drive circuit. 20 an actj ty anel c ageously
be SRR (i RS BT Lhr P aftte (4 s E0dR0L
camer a, mdmﬂndam;.dmrcfa J;mramlm et mixl parsel § ke. " The

invention will be de !ﬁ%d f,urtsh ﬁd‘%ygggg & 1 ustrac ity AP frsthi th

referencé to the accd
' application of hhe active matrix panel;

Figure 18 is a diagram illustrating a second
éppLication of the active matrix panel; and
Figure 19 is a circuit diagram of an active matrix
g 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 comple-
mentary metal oxide semi-conductor structure (herein-
after referred to as a CMOS sttuctuxe) made of silicon
thin £ilm and formed on the same transparent substrate.
The source line drive circuit 12 includes a shift

[
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register 13, a sample and hold circult comprising thim film
transistors 17, 18 and 19 (hereinafter referred to as
TFTs) 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 coccasion demands.
The picture element matrix 22 includes a plurality of
source lines 26, 27, and 28 connected to the scurce line
drive circuit 12, a plurality of gate lines 24 and 25
connected to the gate line drive circuit 21, and a
plurality of picture elements 32 and 33 formed at inter-
sections of the source and gate lines. Each picture
element 32, 33 includes a TFT 29, and a liquid crystal
cell 30, which comprises a picture element electrode,
and opposite electrode 31 and a layer of liquid crystal
materzal between the electrodes. It is possible for
other circuits, such as a counter cr a de-coder having

[£9}
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in whi ch: Figure 1 is a circuit diagramof an active matrix

panel enbodyi ng the present invention; Figures 2 (a) to 2 (f)
show exanpl es of the detailed structure of a drive circuit shown in
Figure 1; 10 Figures 3 (a) and:ﬁ(tﬁ are cross sections through
parts of the active matrix panel shomn in Figure 1; Figures 4
(a) to 4 (d) ill, rate stageg met hod aof. manuf acturin

active matrix péﬁ SRR selecq 3G e SSUHRRe | AT | chie ‘gate

Figure 5is a giaphssh@wmm@emhe cleaac etbsatiitntedd for tnaianuﬁtfllrn
transi stor enpl ' he i Ntis0N in rg&g W t of a
nono- crystallln%éggfglcgrrs 13' b FET; a clock 51 iF ur’ I'S dlagram
for iliustratin§ignalt 8Xmend video' gagealiengith” Vanandy am&nsuppléed

Figure 7 ks a cigsasgeeb %B%hc.v't@ﬁ’mtm.?zraﬁ%ghéa BRi Bna 38 rés@e@.;tﬂv@ly gor
enpl oyed -in the | nvention showi n depl etion | ayer wdth and film
thi ckness in a EBfepogFce line §FEP@0§&FﬁMﬁ§f@@wl # clock 5igmﬁﬁg§2@% 8,

9, 10 (a) and lanéiba kthust kakARad bk ske supgl'i@ﬁ' ot abniptit Yeriadel |3vz§
con

ggéf%fcgfpgh ofa?ﬁegch§§@eﬁﬁgyﬁiyp9% ?ﬁé gate *g%)drﬁﬁéﬁ%é%%gigl trate
a third nodification Dhet bBRift regastexe 08t end @8nshpwn in Figure 1Fi gures
15 (@) and 15 (o' LUSEARLE 8r' BPhkRsc cxrclRh' LoABRA be! RonBlblve
mentary TFTs, consisting of P type and N type TFTs, or
they can be dynamic or static circuits conposed of mono-
cenductive TFTs. Given the performance cf a TFT as &
device, a static type of circuit composed of comple-
mentary TFTs is the optimum one. Since a TFT for an
active matrix ?anel is generally formed on an insulating
substrate with poly-crystalline or amorphcus silicon, a
smaller ON current and a larger OFF current are produced
than is the case with a metal oxide semi-conductor f£ield
~n ‘effect transistor (hereinafter'referxed to as a MOSFET).
The reason for this is that the trap density existing in
a silicen thin £ilm is very high in ccomparison with that
in a mono-crystalline silicon whereby the carrier
mebility is low and re-combinaticn of carriers at a P-N
junceion which is reverse biased occurs frequently. In
view of these characteristics of the TFT as a device, a
static shift register composed of complementary TFIs is
preferred generally and such a shift register is also

[N
(1)

preferred for the following reasons:

1 (13 As a TFT has a large CFF 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 circuit needs to have a CMOS structure



Figure 14 illustrates a fifth nodification of the active matrix

panel ; Figures 15 (a) and 15 (b) illustrate a sixth
nDdelcatlon of the active matrix panel; Figures 16 (a) and 16
(b) illustrate a seventh modi ficatiBn of the active matrix panel ;
Figure 17 is a diagramillustrating a first application of the
active matri x panel ;. . Figure 18 is a dia n1|II stratlng a
second iﬁ&ﬁ} Etih Qﬂﬁﬁ"}‘i@%&x}g\ré et 7 S&parfet ; g“a?k the

Figure 19 is ause @f tohh aﬁwnmgarmhcﬁ‘ie/@m:aave et ix .bmmld acxysthihg to
‘the prior art QUE- ho Hﬁ&ﬁ' t he invention,
wherei n an actgﬁggnﬂr whlch(ﬂ %1 cﬁﬁgglses a sour Léﬁ line drive '

circuit 12, a dadle |iThe @N waingensuivalie can be wlﬁlblféﬁﬂ dhaenignta
matrix 22, al ﬁ@?ﬂ%%n@uc&%@é 08 dvnam @fg&ﬁr@# rg.g% st de sem - conduct or

structuré (herel n- er ref rre to as 5 structure made of
silicon thin fﬂ’lil%l’?%(? fl@rnedays tﬁw@%ﬁ? § s i tSIAHIER e

The source |inged iwRiCigfC tile bhifC|redas A and 20 in Figure 1.
Inverters 41 and 42 in Figure 2 (a) consist of a P type
TFT 47 and an N type TPT 48 as shown in Figure 2 (b).
Further, clocked inverters.43 and 46 in Figure 2 {a)
consist of P type TFTs 49, 50 and of N type T¥Ts 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 TPT 49. Likewise, clocked inverters 44 and 45 in
Figure 2 {a) consist of P type TFTs 53, 54 and N type
TFTs 55, 56, respectively, as shown in Figure 2 (d).
The inverted clock signal CL 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 S3. An alternative possibility
is for a circuit made up of an analog switch consisting
of an inverter 57, an N type TFT 58 and a P type TFT
59, 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 consisting cf an inverter 60, an N
type TFT 61 and a ¥ type TST 62, as shown in Figure 2
(£), %o be substituted for the clocked inverters 44 and
45 .
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As described above, it is very beneficial to
construct a drive circuit for an active matrix panel
from TFTs having a CMOS structure. However, the mere
application of a complementary TFT integrated circuit in
the pr:or art has disadvantages as described below:

30

(1) A method of production for integrating both a ?



regi'ster 13, a sanple and hold circuit conprising thin film

transistors 17, 18 and 19 (hereinafter referred to as TFTs) and

vi dep signal buses 14, 15 and 16. The gate line drive circuit 21

i ncludes a shift register 20, and i® may also include a buffer 23 if
occasi on demands. The picture elenent, matrix 22 includes a plurality
of - source lines 26, 27, and 28 connected to the source line

drive circuit type ZFH @ndl aﬂyﬂoﬂ:m@t &Nl pos the samersubstrate;d@hect éd to
the gate line dggy ?L&b&%&@taﬁé r%&ﬁe%s the ov@%&@i'%&%ﬁﬁ&tpEﬁﬁﬁhﬁzﬁ@e”ﬁnts

32 and 33 forned_a sections of the source and gategllnes
Each picture 30%2) | dkedf Siffigulficcodésra #FP sype IXT 204

cel.l 30, which @E@pba$@&gahﬁ&@h&éa ehafabtetlieticage, wh;ch L&néssnn@iame
el ectrode .31 and _a Ia er. _of

mat eri, e t he
el ect rodes. P s %?gbﬁe iem@%taEﬁhmﬁTcﬁﬂgﬁgFg % %%Eg%a count er
or ‘a de-coder h#é2i))ng A P type TFT and ahemeypelWEToﬁ@sabechaﬂg ehougbur ce

lines and the g : hi; nes AR o I o S for the shift
regi sters 13 an%&gggng a%}éﬁegkfé?g%égiéf§?§ a §F§§E Ei&&bﬁﬂ i gnal DX and
video signals V1, V2 Sueh\@ismdvsnppyredare sclved in the present

instance by employing a mechod of manufacture, and a
10 struccture having dimensions and utilising materials as
described 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
in Figure 1, and Figure 3 (b) is a section through the
respective picture element 32 of Figure 1, which

[
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includes a liquid crystal cell.
In Pigure 3 (a), a P type TFT S% and an N type
TFT 100 are formed on an insulating substrate 71 made of
20 glass, quartz crystal or the like. Silicen thin film
regions 73, 76 are channel regions of the TFTs 99, Loq
and silicon thin film regions 72, 74, 75, 77 are source

and drain regions. The silicen thin £ilm regions 72
and 74 are impurity cdoped to be P type, and the silicon
25 thin film regions 75 and 77 are impurity doped to be N

type. Gate insulating film regions 78 and 79 are made
of "silicon oxide {(for example Si@zy, silicon nitride or
the like, and gate electrodes 80 and 81 are made of
poly-crystalline silicon, metal, metal silicide or the
30 like. The TFTs further comprise an insulating £ilm
layer 82 made of silicon oxide (for example 5102),
silicon nitride cor the like, a line layer 83 made of
metal cr the like, an insulating film layer 84 made of
silicon oxide {for example Si@sb, silicon nitride or



In-use to input termnals 34, 35 and 36 respectively of t he source

line drive circuit 12. A clock signal CLY and a start signal DY
are supplied to input tern1na|s 37 and 38 respectively of the gate
line drive circuit 21. The sfift registers 13 and 20 shown in
Figure 1 can be static or dynamic circuits conposed of conple-

mentary TFTs, consisting of P type and N typq TFTs t hey can be
dynami ¢ ‘or staffe diKeuit $ncoAp5ead YRt lm.];a’vegbﬁ(?uctlve TFTs.
G ven the perfor WHHCanOfF;@uEET3a$ba, the referemce avgexdilc 86 pe of

circuit conposed l@g%%ge 6§§§ﬁg%iné£gﬁd%%t%&%bgﬁﬁ@EP@MPTQ gureS nNce

a TFT for an nera Qn _an sul ati ng
substrate mnth3p@ay crps@abtume amemgnmpﬁd@§§§ @b@ﬁ copsistings @8 | or ON

current and a Lanag, ORCUptalteals RiodUsRde of rTMqiidtsheimse with a

met al oxide seﬁf

ect transistor att
referred to asoxilBJFBE) the likeTheanado@ifERireni eF‘?ﬂtth%ﬁ' 55 ng
density existigg g ther&%n§'|'@9% trhire ronlcd numedalshiedh @8 emdp&S son

wi th that In a nmono-crystalline silicon wher C
mobi lity is | oknddgate &%B»icﬁ&t F@‘Fr“ofmig‘r FREAERG ¥, Eﬂ%“wg% iﬁﬁ%@ctﬁlrgf?

which is revergggblsa&@d L(a%@&ssa&r Qmeeln'élg)mnsl w2, 73, \?%\ﬁf@‘ #hedé .

characteristic he TET.as_a | G§, 13 drginsdler
conposed°@f coﬁgle a t%lﬁ tiin prgﬁ%rre generally gg such a

shift reglsterzeglamsand the gmétepnedhmm'ﬂmiwiﬁﬁg&ﬁﬁﬁw
As a TFT has ag %% O’ Eagﬁt dr%@ﬁ Q% ;ﬂﬁsng res ect\i@iél%e rzﬁl@:&ne

operating freq Safige. at'l ng tenperatu&_ r
dynami ¢ circui @FT 10L.con$het |rﬁgl@n$T5'?sain§1 B pregEpursty &2%% %f,&) drive

circuit needs g3 RAY§HR GYOR typeS! Uke impurities in such regicns

i3 being the same as chose included in the regions 72 and
74 or the regions 75 and 77. The zefegence numeral 90
‘indicates a gate insulating f£ilm regicm, which is formed
from the same layer as the gate insulating £ilm regions
78 and 79, ané the reference numeral 91 indicates a
gate electrode, which is formed from the same layer as
the gate electrcdes 80 and 81l. The zgﬁerance numeral
.62 indicactes an insulating £ilm regicn which is formed
from the same layer as the insulating film region 82,
the reference numeral 93 indicates a line layer, which
is formed from the same layer as the line layer 83, and
the reference numeral 95 iﬁdicat@s an insulating £ilm
layer, which is formed from the same layer as the
insulating £iim layer 84. A layer 96 of liquid crystal
is provided between the insulating £film layer 95 and a
30 ceunter electrode 97, which includes & transparent

(1)

(18]
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conductive £ilm layer and which is provided on &
transparent substrate 98.

Accordingly, che source/drain regiorn. the
channel region, the gate insulating film region and the



e

7 with a | ow consunption of current for naking the best use
of the advantage of the active matrix liquid crystal panel, which
is its low current consunption. (3) The ON current value can be
smal l er than that in a nono- conduct iie MOS dynam c shift register.
Figure 2 (a) shows a suitable circuit structure for each of the
shift registers 13 and 20 in Figure 1. * Inverters 41 and 42 in Figure
2 (a) consist ofagepeigpsrode of ®ETh4pLaileaTFs: P andr 149 £8X8i&%h in

Figure 2 (b). the drEUétE@&c"L€|aiﬁe%zbﬂ&ﬁhh¢b§ i&ea%%méﬁﬁh&angghﬁ 2 (a)
-consist of P type TFIs % e TFTS 51 e pictur
respectively, a§a¥ﬁ5§na§n“F?QGPEIESPEFQL gAE@S&@ﬁsspgngh P & is input
to the gate of ehembntymeTTES152, =negther, the m@@ermadtmbosbuxcyndmnperr]
nverters 44 anfease; fcelfe ag ppe WREe T1ine rike BUSRASERE 2" 54 ang
N type TFEsnB6ct88, thespght thel §ineadayrawsdi;n wngahelg @eplgned
The Laverted ol @6knavand! 1ha bhebt LBRYLrLACEN?HAIHG 2brkE, for N type
-example, from a metal such as aluminium), and the line
layer 93 consisting of the same layer as the line layer
i0 83 provides a source line in the picture element matrix.
a pictuﬁe elenent electrode 94 is made of a transparent
conductive £ilm layer such as ITC. In the case that
the line layer 93 is made of aluminium or alumi-silicide
and the transparent conductive film layer is made of ITO
and no insulating film layer is arranged th@rebetweég,
through holes 102 and 103 opened simultanecusly can be
used for connecting the line layer 93 and the electrode.
94 and the silicon thin film regions 87, 89 whereby the
manufaceuring process can be simplified. In this case,
20 the aluminium and the ITO are processed in respective
etching solutiocns and the ITO is formed for patterning
in the stvage prior to the aluminium, taking advantage
of the fact that the ITO is not soazked in the etching
solution for aluminium.

In Figure 3 (b), the insulating £ilm layer 93
provides a capacitcr for preventing application of a DC
voltage toc the liquid crystal layer 96 and the
capacitance value thereof should be large enough in
comparison with that of the picture element for this
10 purpose. Thus, the cthickness 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 covered by the passivation £ilm layer 85, which

[
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20 ° gate of the P type TFT 53. An alternative possibility is for a

circuit made up of an anal og switch consisting of an inverter 57, an
N type TFT 58 and a P type TFT 59, as shown in Figure 2 (e), to be
substituted for the clocked inverters 43 and 46, and for a circuit
made up 25 of an anal og switch consisting of an inverter 60, an N

type TFT 61 and a P type TFT 62, as shown in Figure 2 (f), to be
substituted for ; %h%e%|%%@ﬁg“bnﬁﬁkéBEStﬁﬁcﬁﬂéss largdy than a pre- As
descri bed above,. it is vezy ?f|C|aI to 30 construct %,%{lve circuit
for an active 2lua £PEMe1Rre by i APRFEHER Rt ur e

However, the nem@ecron} f@@plem@atumg ofe ta proyf ienent am:TE@m:@rtﬂx@d

(1)"'A nethod oPSHRITAEEREn 0P LAY, 8 ng “Soeh ?m%a"sese“ffe%%“@'&”fom
8

stype #FFidmdaddl NveypeheFZceiveheesaix sustrate and then to
conplicated and E&quriﬁkh§%§¥9 gggﬁ'r&u“hep&%ﬁﬁﬁnng the dride It is

difficult to forn1a aV|n%%2§$anced
characterlstlcschﬁLéﬁsls edengeial the Qa5§@W ti&ry TFT

integrated circihlie from a material such as polylmlde or the like
processed with an etching solution, in which the
10 insulacting film layer 84 is not socaked.

The method of manufacture for suchk a structure and
the characteristics of the complementary TFTs cbtained
therefrom are described below. In a method of
manufaecuring-a CMOS integrated circuit utilising
conventional mono-cxystalline silicon, at least four
photo processes are needed (a process for forming a low
concentration F well, a process for forming a F type
stopper layer, a process for forming the scurce/drain
regions of each P type MOSFET, and a process for
20 forming the source/drain regions of each N type MOSFET)

" in comparison with a method of manufacturing an N type
MOSFET integrated circuit. Contrary to this, a
camplementary TFT integrated circuit according to the
invention can be realised by adding no more than one
photo process as compared with a method of manufacture
for a mono-conductive TFT integrated circuit.

figures 4 (a) to 4 (d) illustrate an example of
the main stages in a method cf manufacturing the active
matrix panel according to the present invention. First,

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

after accumulating a layer of silicon thin £ilm overx a

transparent insulating substrate 110 and thereby forming

a2 channel region 111 of a P type TFT and channel regions

112 and 113 of N type TFTs. WNext, gate insulating film

[
[

[18)
e



(3)° AP type TFT and an N type TFT do not have enough driving
ability for realising a drive circuit. Such di sadvant ages are
solved if the present i nstance by enpl oying a nethod of manufacture,
and a 10 structure having dinmensions andggtilising materials as

descri bed bel ow. . Figure 3 (a) is a section through a pair of
conplenmentary TFTs for formng either the sdurce |ine drive circuit
12 or the gate kegeoflsi ¥e4¢i LCHi bndl1sBowrel Formed 5§gmmank,ofammuﬁm@uUe 3

b) i ti t h th ; t | cr.ur | {
i L A
a P type TFT 9%eaedtrnaddlst ypé, 118 aﬁﬁTllGOa&eefbam&ﬂd on an insul ating
substrate 71 made of %ng gl gags hg&ﬁrgg %£§§%%|4OQE§ %Eéggt@§ l'icon thin

if {

film regi ons 73, ar & cRannel regi 6ns of 100 . and
silicon thAin flim@u§§téﬁ§ 320, 74fcxsexampiercbosonce are imglanged gil

regions.  The ébétceﬁetQﬁfﬁ&éé”&ﬁeﬂiﬁﬂﬁg7§oa &m@i@ﬁ@aﬁioﬁngCEaiquéﬁ doped
to be P type, and the silicon m r egi ons

nd

i npurity doped ¥Bebanked acceppar Eﬁ?@r#ﬁéﬁﬁa%ﬁnﬁgg@9@§1%§ Gico ié27§§3nd 79
?Le rage . Oéf@i%%ﬁ@@ E%lﬁﬂgééQMeﬁﬁaﬁéhﬁ Srehemehk, tosEbemoa autyFée or

e like, an at e, el ectrodes C ne
ST con.” oot SeRHSeERAGRESR, G0 cREcRarah® lBRERhen ppel B bor BURR bo
conprise am |nsn$gimmg 123n1124 12yean821p6de whiehl arentoxbdetheor
exanpl e S|C{errgé ce/d Qi} 6ﬁlr6$eN°£¥%E Fﬁ a line layer 83 nade

?? { 1% yer

of net al or an TR 84 made of
silicon oxide (for exafeer &Wﬁﬁer&#)SHOSHIi@oﬁigugﬁlée g}, the P type

TFTs covered by a mask material such as photec resist
128, and doncr impurities 127, such as phosphorus cor
15 arsenic, are implanted elsewhere with a higher
concentration than that of the acceptor impurities 120.
Implanted donor impurities in tke regicms 123 tc 126 are

activated by subsequent heat treatwment. If the implant
: -2
dosage of the acceptor ions is 1 x 10 cm  and the
< " . . 18 -2
20 implant dosage of the donor icms is 3 x 10 om ,

then the regions 123 to 126 contain the eguivalent of an
implant dosage of the donor icns having a concentration

of 2x 10 ' em®. 1In this way, source/drain regicns
123 wo 1286 of the N type TPFTs are formed.

. Subseqguently, as shown in Figure 4 (d), an
insulating film layer 129 is accumulated after removing
mask material 128, =chrough hcles are opened, a picture
element electrode 131 made of transparent conductive '
film is formed and a line 130 made of metal or the like
20 is formed.

As described, a P type TFT 132 and an N type TFT
133 for forming the drive circuit and an N type TFT 134
for forming a picture element TFT of the matrix panel
are cthus produced. It is a matter of course that a P

(3]
Ly



the Tike, and a passivatiob filmlayer 85. In Figure 3 (b),
the reference nuneral 86 I ndi cates the sane insulating substrate 71
as in Figure 3 (a), a picture elenment electrode 94 consisting of
transparent conductive filmnade of 1TO (indiumtin oxi de) or the
like; and a pitture elenent TFT 101 being formed thereon. The
reference nunerals 87, 88 and 89 i ndicate silicon thin filmregions

which are fornedyheOfey for LHE REER:kAYENE19TaN1% IR0 produced. 74Tnd
75, 76, 10 77 the silicon thin film.region 88 formng a channel
region and the SFFRcSHIBhPREPEPAS  égFiHEesh Ingvee TFT h%ﬁ?ﬁﬁh&%ﬁﬁﬁgﬂg'and
drain regions, teppectiwel ¥n 10k kb@rce/driih ¥ehicn|heahepNomyps/ THMs 89
Feaions 15 " boRRlHReoeE e Ge P REEc RREF HESS: AP SRy JRETFs ey B
74 or theZregi otkeif sodrZé/drdhe refiomscbutumdtal the latter bevinges a
The gate i noul SEF0EF; FaPPRaFEREESn EnbBLRRL fogmen 0T\ 0% Sherence.
numeral 91 indicates &n20he ghoeecprocesdepfwmeohfastiigered ifr §onole sanme
layer as tDen@2i £185€855 0488 S0n@Pitfited £62CakRRBEBRCENPUFRELkS
120 in Figure 4 (b) and acceptor impurities 120 are
10 substituted for the donor impurities 127 in Figure 4

{e), an N type TFT 132 and P type TFIs 133, 134 as
shown in Figure 4 (d) are obtained instead. The T¥Ts
thus obtained include an N type TFT having donor
impurities in its source/drain regicn and P type TFTS
having both donor impurities and acceptor impurities in
their scurce/drain regions but the latter having a
higher concentration that the former.

A complementary TFT integrated circuit can thus be
formed by adding the single photc process required to
20 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

panel with a built-in drive circuit can be realised.

From an eccnocmical point of view, the above method of

)
(%)

manufacture is an imprevement, and it is not

25
inconvenient to form a mask pattern independently for
the ion implantation of acceptor impurities and denor
impuricies. Further, in the complementary TFT
integrated circuit manufactured by the above method,
29 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. Furtker, being
different from an integrated circuit made of monoc-
crystalline silicen, uo parasitic MOSFET is produced so



92 indicates an insulating filmregion which is forned fromthe sanme

| ayer as the insulating filmregion 82, the reference nuneral 93
indjcates a line layer, which 25 is formed fromthe sanme | ayer as the
line | ayer 83, and the reference nurkdral 95 indicates an insulating
film | ayer, which is fornmed fromthe sane |ayer as the

insulating filmlayer 84. A layer 96 of liquid crystal .S prOV|ded
bet ween t he i ns@hati agcheprelagepprosrafges 96T héden &eePsde o

whi chdl gcl udes a trangpgkent a meangcﬁaifuﬁ‘blﬁ\lﬁs&m@d @y@yp@d:mmﬁ k'm N
provi ded on a rent st rat he
source/ drain reg??ﬁs%%%h§QVL b@ﬁﬁﬁﬁgp F@&%@ﬁcezgﬁglggtg |ns§Pat|ng£P

region and the a complementary integrated circuit will be describ

el ect r ode cof eag??%fgéggnéFE§39 aeﬂelggcpégnﬁggto VI S%Ei@@bh&@cgb&CUIt

are provided by~ hi'nf as the correspondi ng
regi ons of the pomporeds haveebeapnknTwE lﬁlthe Boet for, a LRBITELRS.n t he

source |ine € Clr 03t @Ergub band
connect ed throug wgﬁgfl h %Bh%ié@%n&%%y % g%%Fgrhéé il aye a | ow
sheet - res.stancge@ggpﬁgdg§ﬁﬁ§dhasf@@t been realgse@ for the following

two reaseons:-
i¢ (1) It is actually impossible to control and realise
both P type and N type semi-conductors in the semi-
conducter compound. _

(2) It is very difficult tc control the interface .
between the semi-conductor compouﬁd and the Lnsulatxng
film for a MOS ccnstructicn.

Accordingly, source/drain regions and a channel
region are made of silicon thin films. The carrier
mobilities of amorphous silicon thin £ilm and of poly-
crystalline silicon thin film are shown in Table 1. As
20 shown by the Table, the polymcgystalline thin £ilm is

the better for realising a complementary TFT integrated

" circuit because characteristics of P type and of N type
semi-conductors can easily be made well balanced and the
current supply capacity cf the TFT can be nade larger.

)
[®1}

25
TABLE 1
carrier mobility (cmz/V sec)
N type f type
30 amorphous silicon 0.1 - 3 10 - 10
poly~-crystalline silicon 5 - 50 5 - 5¢

Yext will be described a means for increasing the
current supply capacity cof a TFT, especially P type and



exdﬁple, froma netal such as alumnium, and the |ine | ayer 93

consisting of the sane |ayer as the line | ayer 83 provides a source
line in the picture elenment matri Xx. A picture elenment electrode 94 is
made of a transparent conductive fil §El ayer such as I TO In the
case that the line layer 93 is nmade of alum niumor alum-silicide

and the transparent conductive filmlayer is made of |1TO 15 and no
insulating fil ¥l ayee TETarfamgédmmhageaedméﬁa cireuitt Asoéghthel es 102 and

103 opened si milighegus yobgesde.  asU38McloheRCRBLL ngnéheragne | ayer

93 and the el ectrode 4 and the silicon m r egi ons

wher eby t he gn%%ﬁﬁf%%t%#@@mﬁ%w%d@@% pafe et sEapieprehi in ﬁﬁl@hV§¢€§se
the al um ni um agel fde ﬂn&z@s%egﬁwgmcbiﬂﬁé@pﬁétthﬁt tm ORt el pent

| ut dthe IT f (L
The al um Bt um TX A AR REgnd i araendt eReeaREree poEk |
?g;akedtihn t he fﬁcﬁmmc:*ystabhmélmimn MOSFET UM 2fgure 5§ 1is angfagb[e 3
e insu i e vj de reventin
application of Q{%‘g‘é é étegrtsj’osﬁﬁe ﬂ% é% % @%ﬁ%ﬁgﬁ%ﬁélg‘%&%ﬁd t he :
capaci t ance valfidigan msmmm e dhaxpcesoigpicnldl of carPER imake wE h
that.of the pi i Lﬁ{fc&i edﬂgﬁe £ z,hi S ca f@? eﬂ_hléﬁe %p@@ idngkgpess of

the layer 95 shoul d a pre det er ni ne ?or exa

appr oxi meltlkl y gate sysdinind sayran/qraian VG@ﬁﬁ@leVQﬁ HeFe HelR), SaR%e TFTs
99, 100 of the g \g@msaﬂs*sa tre'ﬁi@ﬁéxﬂﬁ% R Bedge VeEthased d:P thge covered
by the paSSIVatgm%églas g@é referégéei] and the cordinate represents
4 .
the current IDS between the source and the drain. As
shown by the graph, since the ON/OFF ratioc of the TFT
15 is small, the TFT 29 for the piétur@ element matrix and
the TFTs forming the drive circuit 12 and 21 in Figure 1
respectively should be formed with the optimum “
dimensicns. For instance, when an image is to be
displayed making use of an NTSC videc signal, the TFT
20 29 for the picture element matrix should satisfy the
following equaticns within the entire temperature range
. wherein the active matrix panel is used.

0.1 x C x R OFFL 2, 1/60 - (sec}) .... (1}

18]
L

5 xC xRONI = 10 (p sec) .... (2)

where C, represents the total capacity of a picture
@l@ment; and R ON1 and R OFF1 represent ON resistance
20 and CFF resistance cf the TFT, respectively. Equaticn
(L) is a condition tc be satisfied by all of the picture
elements in the matrix panel during a holding operaticn
f{holding ceonditicn). and 50% and more of the electric
charge which is written intc any picture element can be



I s designed to have a thickness larger than a pre- determ ned val ue
(for exanple, approximately 1 m cron) for ensuring wet-proofing.
For.form ng the passivation filmlayer 85, it is nost effective to
form afilmall over the active matri& substrate and then to

renove the filmexcept in the region of the drive circuits. Hence,
t he passivation filmlayer 85 is made froma nmaterial such as

pol yi mi de or tield kwwer for muerdSiseld vii hianistodt bsf bed ut | Fguatkiomi ch

the | nsulghy ngs g '%i‘iﬂ%@ﬁe and&% ’S&he g%am.sﬁ;ed by aﬂfe@feéﬂ@d of

manuf acture for' suth a str aracteristics of t e
conpl enent ary WF@% Aipments 1o (Hhe daWARAMRE GIHNE o WGy o

met hodt of. | t Wi i dféz%;alt ecgztm ][m tart lniaz?é nge &5
conventi ana nDno crys al |ne si’licon eas our
processes are HS&E&Y SO G fq@or”moﬁﬁfhg%q d%vplc:uf%cﬁ?cgﬁﬁqtaﬁ%rﬁ’tb
well, a process secifsFidadg a P type st opper |ayer, a process for
forning t he source/drai regio of t ype NOSFET, ‘a process
for 20 f or mi ng thg%%&ﬁc@% %H\K@I oﬁs%é@% %W&Q M in
conpari son wi t kizcmeth sthosfldrmadiiadiyu tivey fol Idwime equatiaOSAEhimithe at ed
circuit. Contrapy;tQ mperdture range wherein the active matrix panel

10 is used.

X x (C2RONZ + C3RON3) £ 1728 .... (3)

where C2 and C3 represent the capacities of junctions
142 and 143 in Figure 2 {a), RONZ2 and RON3 are the
output resistances cof the clocked inverter 43 and the
inverter 41 of Figure Z (a) respectively, £ 1is the
clock frequency of the shift register 13 or 20, and K

is a constant (K is approximately f£rom 1.0 tc 2.0, by

froe
(.1

20 exXxperience}. According te the actual survey or
simulation performed, RONZ and RON3 of the TFT for
- forming the drive circuit should be a tenth or less of
RON1 cf a picture element TFT in order to realise a
shift register with approximately 2 MHZ of the clock
235 frequency £.
~ For realising such low output resistance, the
gate length of the TF? for the édrive circuit can be
formed as short as possible within the limits of the
breakdown voltage vermitted. Further, T¥FTs for the samplé and
310 hold circuit 17, 18 and 19 shown in Figure 1 permit a

lower breakdown voltage than the TFTs for the shift register

13 so chat 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



conpl enentary TFT integrated circuit according to the I nventi on can
be realised by adding no nore than one 25 phot o process as conpared with
a nmef hod of manufacture for a nono-conductive TFT integrated circuit.
Figures 4 (a) to 4 (d) illustrate an exanplg; of the main stages in a
met hod of manufacturing the active matri x panel according to the
present invention. Figst, 30 as shown in Figure 4 (a), a desired pattern

is for med t @}‘ft s:rhea%ﬁb@'![l@zg[ sadfload%ra#ﬁ{ éﬁb| z:g@nri'iﬁg n fid mmeasl |
ransparent insul ating substrate an er.e oL n ne
region 111 of a2P%KSe eiif’f: I'F##nélndr @glsonri!s“yo thlsy “a‘?%n 1]1@ M‘?
TFTs. Next, oQapea m%dnﬂgﬂu;d@ﬂam together define a gate length 144

12 reg|§%§t§%%§t£; % ikg are formed by neans of thernal

oxi dation or ch apou ep03|t|on and then gate - el ectrodes
117, 118 &nd 119 are forned. Next, as shown in Figure 4 (b),
accept or I mpurities 120, for exan&l %g , are inplanted al
over the surface utilising ion inplanta echni ques. | mpl ant ed
acceptor inpurities in regions 121, 122 are activated by subsequent
heat treatnment te—ferma—P-itype : - ]
Gate Length L (um) |
10 P tvpe TFT N tvpe TFT
TFT for picture element matrix | 20.0
[ TFT for shift register 4,0 3.5
" TST £or samsle and hold circuit 4.5

foet
[V}

it is also possible to raise the current supply
capacity of a P type TFT and an N type TFT by '
constructing the TFT such that the thickness of the
silicon thin film forming the channel regicn is smaller

20 than the maximum width of the depletion layer extending

over the surface of the silicon thin film.

The maximum width X wax of the depletion layer of
a P type TPFT made of silicon thin £film and the maximum
width XMMAX of the depletion layer of an N type TFT are

-5 . represented by the following equations, respectively.
peay = L2ex2gFRY ' x (@x W) T oL ()
X = (2gx 28 P x (g Nt L (8)
NMAX .

where g represents a unit electric charge, gis a
dieleczric constant of silicon thin £iim, @ FP
represents a fermi function for a P type TFT, # FN

represencts a fermi functicn for an N type TFT, and ND



seni - conduct or. Acceptor inpurities are also added to 10 regi ons 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 resi st 128, and donor

I mpurities 127, such as phosphorus or i{Barsenic, are inplanted

el sewhere with a higher concentration than that of the acceptor

i mpurities 120. ] | npl anted donor inpurities in the regions 123 to 126
are . activad®d ¥) cepregenntegeivalentidener anfiackePrap gRASitles

dosage of the acegpt@hel SREnhEL lrdgiOhg! M tespbetiledpd t heuZBhexi npl ant
dosage of the donor iops is.3 x 10 grrlﬁcn&err%, ... then %hg re%ioas 123
to 126 contain tHEIEYRTSAF FERGF acceptah) AaPsibigde2t? PRECHBABPS ons
havi ng a concentpttion densitpfof 2tke 1dpetr] iaphetties ekbsthing daythe
source/drakn regions 12 . 126 of the N T ce.for )
Subsequent 'y, a.e%+EQWIi§P?ﬁ%%ﬁé@éy(' tan aQCégggﬁsg%g%?%gléglﬁg a§§§ 129

i s accunul at ed dfrap demsityggcting assdkomear cand| agg8ptorhr obgtionéing toe
opened, a pictuyr e en glectro f ok 'BRSPRE £0E

conductive - Jlgﬁ?%ef%rne %ﬁﬂ&%’li%@eig%iﬁgggs%feéeﬁgé o%ggﬁgnlike
30 ' is forned.thin £ilm of /ghejcchannell regiorype FHT .4¥pe RET AN 25p¥

TFT 133 forpfui Mg {dOFSHiei® €4 Mb&E Ubtha Bl 38N t¥PERdETX 134 or for
formng a picture el enent_TFT of_the matri x panel ar e thg%“ﬁ%g%uced.
lt-is a Ger %WQQUTse Figyre b is a cross sectional view of a

where a depletion layer is formed. An insulating
substrate 146 carries a silicon thin film regiom 147
forming a channel region, and silicon thin £ilm regicns
148, 149 forming source/drain regions. & gate
insulating f£ilm 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 cf the depleticn

- layer formed on the silicon thin film surface is

pe=d
(%)

20 indicated by X.

The basic criteria for providing the preferred
drive circuit for an active matrix pahel are thus
established as follows:- _

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

{2} A methcd of manufacture and a structure for a
complementary TFT integrated circuit are provided.

{3} The characteristics of the P type and of the N
type semi-conductors are made tc be well balanced.

30 (4) The TFT desigrn i1s improved so as to enhance the

fd
(8

capacity for driving the load.
Varicus further improvements will now be described.
A first medificaction in the form of a layout for
an active matrix panel is shown in Figure 8, which is a



*

type TFT for the matrix panel can al so be produced. The TFTs thus

obt ai ned include a P type TFT havi ng acceptor Impurities inits
sour,ce/drain region, and N type TFTs havi ng both acceptor inpurities
and donor inpurities in their source/#%ain regions but with the
| atter having a hi gher concentration than the forner. In
t he above process of jmnufacture, if donor I mpurities 127 are

substituted for HAEHIAYiGHAD 13ELIVe matidy paALEighfe aberingnEt8ccept or
i4rrpuri ti (es) 120 @.@&re@c a@rléé;rﬁiwl%téﬁ %éhép%géél?@r@_?_ﬁ%i%kgpligié}hi esuidd ngﬁéi gure
c), a type _ an e S, as shown in
Figure 4 (d) ar %’%ﬁ%i%q%t%%.\awggF ) is g?%%‘%ﬁ?a?%%d i ncl ude an
N type TFT havi merigimry of thenagdiveesndtrit Spawel ceédiratnthegtop and P
type TFTs 15 | b _ or. I npuritjes, and accep. | JRUELiies in
their sourte/ drgi%:éﬂ&qrégﬁ g#skrgo the ;I‘%Ir"t‘%";eé’rre%%%dfhg ;éﬁ 8éé)é£hj€%)hfeér’ﬁ g
concentration tmsrmale imager . and a2 shift registernk®il ar ya BALiex olf4i ed

Scirouit can thus Bdeo sidfiyked M @140 4 Nt 1) o PIOEOr e 069566 are

required to 20 formthe pattern Igure 4 (c),. as conpared

wi th the net hod 2SEaRGAG Aneuiasige &%Mmfa%verﬂq@ the pexipherv .
circuit. As a resithlin tHe 3duré® MBiid ¥rive circuit 161. A gate line

10 drive circuit 167 (and/or 170) is formed at the left
{(and/or the right) hand periphery of the 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 picture element matrix 171

15 is formed at the centre of the active matrix panel 160
for connection to the source line drive circuit 161
(162} and the gate line drive circuit 167 {178), and
iaput terminals 172, 173, 174 and 175 are arranged at
the corners of the panel. Sigrals are transmitted

20 within the panel in use in the directions indicated by
arrows 176 tc 180. Limited space can be put to the
most effective practical use by the layout. as described
above.

Ffurther, a layout as shown in Figure 9 is
25 utilised within the source line drive cirecuit and/or the

gate line drive circuit for forming unit cells within a
limited dimension eguivalent to the spacing between
picture elements (or ctwice such spacing). In Figure 9
the cells 196 toc 198 have a width D corresponding to the
30 spacing between picture elements {(or twice such
spacing}. Arranging the drive circuit in repeating
cells having a cell width D, while alsoc employing the
layout in Figure 8 makes effective use of the overall
space available. In Figure 9, the cells 196 tc 198



paﬁél with a built-in drive circuit can be realised. From an
econom cal point of view, the above nethod of 25 manuf acture i s an

i nprovenent, and it is not i nconvenient to forma mask pattern

i ndependent |y for the ion inplantati @®% of acceptor inpurities and
donor | mpurities. Further, in the conplenentary TFT I nt egrated
circuit manufactured by the above nethod, ~ each TFT is separated in the

formof an isl ase showhe surrounsad &y Myrakessthines 110 & @asitiive fawer i c
process for  gouek@M@iheSaRY AHOR 'n%ﬁ?ié&%ﬂr%@dseuféé ti8le lltﬁ Wre

different froman integrated circuit .. crystall,ine
silicon, no pgpggssﬁggwm:g?g@% d@bcé@ 491 of silicon ehin i@ o

channel stoppéfodneagnehehavarice /deaior @d channel regidiexiof a Feafpe or

realisin%_a P @§§eaTFT and _an Ns 192 téy@g TEJ h_min 3?@%?%&&@ _ _

char act eri st i c&* as2P8qhPr E8IEGR | %M circuit

will be descriBemring theTEdareeldiginsend chaan@loueyions ofVen N .

oL o TR AT A giBABnR SR AR it Nce Wbz ™
etching the silicon thin film to form isolated areas
regardless of homo-polarity and hetero-polarity. There-

i0 fore, for instance, a distance a between the region

192 of silicon thin film of the N type TFT and the .

regicn 187 of silicon thin £ilm of the P type TFT and a

distance b between the two regions 187 and 188 cf

silicen thin film of the P type TFT can be made substan-

tially equal to each other. Accordiﬁg to the invention,

the number of elements in the direction in which a unit

cell is repeated can be increased by arranging an

isolated area of silicom thin film of the P type T¥FT and

an isclated area of silicon thin film of the N type TFT

30 alternately, utilising the above characteristics

pet
L

pesitively.

In crder to 4ncrease the number of elements
further, the follcwing means may alsc be employed.
Figures 10 (a) and 10 (b) illustrate an inverter
composed of complementary TFTs and formed between a
gositive powér source line 199 and & negative power
source line 20GC. In Pigures 10 (a} and 10 (b),

_ through holes 201 and 202 are provided for forming
contact between a source region and a gate electrode
30 203. at £irst, a P type region 204 and an N type
region 205 are provided in an isclated area of silicon
thin £ilm with a boundary 208. Next, a contact with
the drain region is formed by a through hcle 206 and am
output tine 207 for the inverter is added.

2 ¥
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sen - conductor has not been realised for the follow ng two reasons: -
10 (D) It is actually inpossible to control and realise both P
type and N type sem -conductors in the sem - conduct or conpound.
(2) It is very difficult to control the i2iterface bet ween t he

sem - conduct or conpound and the insul ating filmfor a MOS
constructi on. . Accordi ngly, source/drain regions and a channe
regi on are nmade of siAi senctitii moflifnsatidhe ofathiecinvent iom lsichiceiras of

f T are shown - BeEpRubbiBh289 CloBR Hoige in SHEBRHrcH 1ind G2l N
pol y-crystal | | n@i¥ERAtsi | nhFsshown iphEiguteed .f othecSPUSCRyl4ne drive

conpl enentary TédrénieoLat €8 providéd Gith egads8ighanaghgelssiiyCeaotsP
type and gf N éé&% 13 ané-condu tgrstcanteasilé bg qﬁge WE|| bglanced
and t he eht 230 pf GORBPGERE tof ChRCOPRIRGL &) EBE FERBSEF. 25
TABLE 1 mitting at least a pair of galatevelPbihveyteancleek]/V sec)
Vi 008 o crt{EmiPE G gn@ BEPRRLSASLL LG8 ue ahige sefubtiriia.g o
Next wi |l be desueibime ashesmscémmected cbsi thet berminalcddr éat isufpey a
capacity of a Thly SEPEEIGL! ¥n& 1¥PEn&PE is a difference between the
0 stray capacitance formed between any video signal bus
and the CL line and that formed between the same video
signal bus and the CL 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
15 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. Figure 11 {(a} illustrates a source

20 line drive circuit comprising a shift register having
unit cells 210 to 213, a sample held circuit comprising
TFTs 214, 215, a picture element matrix 21€, and a
video signal bus 217. CL and CL lines 218 and 219
cross each other {i.e. are twisted] at their centres

25 = approximately. Kence, the average distance between the
CL line 218 and the video signal bus 217 and the average
distance between the CL line 216 and the video signal
bus 217 are made to be approximately egqual to each
other. As & result, the value for thé stray capaci-

10 tance (C81 + CS3) which is formed between the CL line
218 and the video signal bus 217 is made toc be equal to
the value for the stray capacitance {CSZ + CS4) which is
formed between the CL line 219 and the video signal bus
217. Further, as shown in Figure 11 (b}, the rising



15 " N type TFTs for formng a drive circuit as in the pr esent

I nventi on. As descri bed above, the trap density is high in a TFT
made of silicon thin filmwhich i's not nono-crystalline silicon so
that the ON current is small and the, OFF current is large in
conparison with a nono-crystalline st4i con MOSFET. Figure 5is a
gr aph showi ng a characteristic 140 of+~a nono-crystalline

silicon MOSFET cieristic 141 of £ 6%55% 441 thin
filmin the Cag@éﬁ%ﬂ%ﬁﬁ@%@%&éé@q@g& (%)J’”é-%a. e vmp%? ht%eﬁdtsoiﬁlfce drain
vol tage VDS ar @dge afartthe clock Higneds dlssa anprekentEe¥f. v R VGs
based on the entSQHN C& Bk Mo Ifd URNLE to e VRIS O Dqriel reum dsent s

the current Iugﬁxnween t he source and the drain. . by the
graph, since tHRSUS§OSRATREY 5 Hadd iRer aiBCij;zr'séAggFN?Y "@MFT 29 for
the pictue el giptur@t ri Fafther, thd T Bnkd dhridmes towey dbe Viwistedi t 12
Spd 21 in F'guk§gﬁﬁﬁﬂgy re§£&ﬁ@#¥ I¥qs_oul%¥?%%£%%gyd with the optinum
i mensi ons. . Q%hﬁgl t di spl ayed maki ng
use of an NTSC vi deo ssitdniald wtotd fi€R1Z@n o Herinvenpicn weeks dient
'[meltr{ola)r( ats B?gl ? a%%é&eﬁt)hé Nesistande® ! dP U G ObndV 4 thd Nauiiiid r e
hold circuit uniform. Figure 12 illustrates the parts
10 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 cireuit comprising TFIs
234 to 236, and a picture element matrix 240. Picture
element signals corresponding, £or example, to the
15 primary colouxs red {R), green (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
20 preferably used for each line. On the cther hand, when
the structure of Figures 3 (a) or 3 (b) which is
- considered tc be 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
25 poly-crystalline thin film, is used for lines 237 to
239 from the video sighal buses to the sample hold
circuit. Irn this case, the sheet resistance of poly-
crystalline silicon thin £ilm is much higher than the
resistance of the video signal buses, and the lengths
of the lines 237, 238 and 239 canmot be equal to each
other if these lines are straignt, whereby the
resistance of the lines 237 to 239 alsc will not be
equal to each other. Aas a result, the picture
displayed may be uneven and include lines. However, in

30



wherein the active matrix panel is used. 0.1 x (Jerr] x R CFF1

[err] 1/ 60 (sec).... (1) 25 5 x (Jerr] x R ONL
[errq 10 ([err] sec) .... (2) where C represents
elenmenty and R ONlL and R OFF1

the total capacity of a picture
represent ON resistance 30 and OFF resistance of the TFT, respectively.

Equati on (1) is.a condition to be satisfied by all of the picture

el enents in the whier prepenel itweintg.ca ,holgenq :0pRer (370N 238 an%ngléﬁtt
ichis witten

fg?g';k;nélC?B?e%§#%%§g§ﬂgée %f th%h%&%p%%gigtancescg%%g%a e equal to
16 hel d eaeh bghesne f Folrdexbmpdesat t&él Qdne witdira Womay be kedk iS
"n"the mat rix pasg %ﬁ??ﬁgﬁat kP Hipe 18bord p, bE gpon, ARELZYTCRE 2950)
and 99% and nor e®8Y be made equal or the ane length L of each line
may differ and the line 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
16 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 not fast encughk to drive an
active matrix panel. In order to make up for this slow
15 speed, the circuit structure as shown in Figure 13 (a) .
and operation as shown in Figuré 13 (b) may be utilised.
In Pigure 13 (a), a start signal DX and clock
signals CL x 1 and CL x L are applied tc a f£irst shift
register 250 included in a source line drive circuit for
29 generating sampling pulses 252, 254 and so on. Purther,
a start signal DX and clock signals CL x 2 and CL X 2
are applied to a second 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 picture element
matrix 280. The signals v, DX, CL x L,‘EEE:E?, CL x 2,
CL x 2, and the pulses 252 to 255 output from the shift
registers 230 and 251 are shown in Figure 13 (b).
The source line drive circuit shown in Figure 13
(a) is provided with the twc shift registers 250 and
231, which are driven by clock signals CL x 1 {(ctx 17
and CL x 2 (CL x 2} which are approximately $0° ocut of
phase. When che source line drive circuit is provided

30



vi deo signal can be witten into a picture elenent if it IS

sati sfi ed. On the other hand, a TFT for formng a drive-
circuit should satisfy the follow ng equation within the entire
tenperature range wherein the active matrix panel 10 is useful.

K x (CRON2 + C3RON3) [err] 1/2f ...24 (3) wher e
C2 and C3 represent the capacities of junctions 142 and 143 in
Figure 2 (a), RON2 and RON3 are the out put resistances of the

cl ocked i nverter YA§iadq nugber N of) shdfte regisiens qukdch (S§§ Lt JREdstaY v,

fis the Cant (ﬁlsmlamrwaw&f a %@s dzﬁg:lestc@rcdészrgn& il e

is a constan r,0Xi, M8 . rience
According to theL§§F%§ S }9@% gnal'w %@§h§%%¥¥%%&fﬁf %HakK}B
of the TFT for matelfyomﬁﬂngm.he aEi tﬁecﬁmau’enﬁwmmﬁﬁemmmcﬁ A &s of
W th approg mtels YARED 8F Ene thBcgeasblibE pliRek 252 £o’Hss ARSI E
real i sing such. | ganegeped seghensdedlyt he LntezvgéSecﬁédgﬁﬁ douziss TIThef or
5 1L £ B el b i S

limts of the br ea age*permt
sanpl e and 30 #&6PJofi £hei eampling mudses §ﬁ§wﬁ5|ﬁe¢ﬁg§ﬁet e SpHECe,

| oner breakdown yehesgesihes 2bg. TFTﬁszrréQﬁlﬁhl f bakepdigketrith al3 so that
the gate |gggthsfgéqéggc§0£59£sngafgsgg éy means of shift registers
which are driven by a clock signal of frequency £, 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
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 of frequency £.
& fifth modification of the inventicn provides
means for testing each output from the source line and
20 gate line drive circuit. Figure 14 illustrates this
modification, which includes a shift register 280 as
part of the source line drive circuit, a video signal
bus terminal 281, a sample and hold circuit cemprising a
TFT 282, a source line drive test circuit 283, a
25 control terminal for the test circuit 283, a test
signal ocutput terminal 285 and a socurce line 286. A
respective test circuit 283 is added to each source line
288. Likewise, a shift register 287 forming part of a
gate line drive circuit is connected to a gate line test
30 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 tc each gate line 291.




than those of the latter. Figure 6 illustrates the definition of gate

| ength L and Table 2 shows an exanpl e of the gate |engths
for ,each of the TFTs. In Figure 6, a gate electrode 142 and a
silicon thin film 143 nmaki ng up a ch%gnel regi on together define a
gate length 144 and a gate w dth 145.

TABLE 2 B Gate length L (un)

P type TFF N type,‘_,a T for Pictur I t

20. 0 TET for ¥ gﬁIFFsFea;ggg%gs op@rate’h %oil%@%n ”%%@‘Qest

circuit 283 is turned ON by way of the term&nal 284 for

testing operation of the source line drive circuit. 1In

this condition, the shift register 280 is scanned afteg

a predetermined test signal is supplied to the video

signal bus terminal 281. At this time, 1f a signal

which meets standaxd requiremeﬁts is serially ocutput at
the test output terminal 285, the result is considered
as "Good"” and, if net, it is considered as "Poor".

10 For testing the gate line drive cireuit, the shift
register 287 is likewise scanned when a predetermined
test signal is input. At this time, if a signal which
meets standard requirements is serially cutput at the
test output terminal 290, the gate line drive circuit

18 is considered as "Gocd” and, if not, it is considered
as "Poor”. In this way, electrical testing of an
active matrix panel, can be d@ﬁe automatically, whereas
in the prior art testing has been by visual observaticn
of a displayed test pattern.

20 A sixth modification of the invention involves
.providing a storage capacitor in a picture element
withour an additional prccess during manufacture.

Figure 15 (a) illustrates the circuit of such a picture
element, and Figure 15 (b) is a cross section through

25. the picture 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 ceil 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

490



TFT for sanple and hold circuit 4.5 It is also
possible to raise the current supply capacity of a P type TFT and an
N type TFT by constructing the TFT such that the thickness of the
silicon thin filmformng the channel regiongzss snaller t han t he
maxi rum wi dt h of the depletion | ayer extending over the surface of
the silicon thin film The maxi min width X err] of the

depletion | ayer oépd 317, gaE@tgﬁeaEEE?eadeleraadlBQQD t bnn ibsudasdagt he
maxi mum W t e n r n L,e 25
represented by thgi |ro§%% 3géuat§og§8 Héﬁ%%t?ég wﬁ cf ﬁyr&gpg g

(2[err] X 2 [err]limg[era]cransnazenﬁ»gendpcﬁive éélm layer 322 Whi Eirr]‘:
(2[err] x 2[err] f ré]gic Gxd &éﬁF]glectéé&e 3. ¢ unt¥PChtectrode

repr esents a uni t ectri ar ge ectric constant of
silicon thi# fil n$23 [bw;uq&mg trapsproenht goadaétﬁwef fhdmi daYREr a2pd

type TFT,  [err]aFlhyer of 1EREE8CEEPsealchiitelyagt 599 for an N type TFT,

and ND The TFT 302 formed by the porticn indicated by the
reference numeral 328, the regions 311 and 313
providing the source/drain regions therecf and the

10 region 312 forming the channel region.. The MOS
capacitor 305 is formed by the portion indicated by the
reference numeral 327, with the regicns 313 and 315
previding the source/drain regions thereof and the
region 314 forming the channel region thereof.

18 As shown clearly in Figure 15 (b), since the MOS
capaciter 305 has entirely the same cross sectional
structure as the TFT 302, it is not necessary to add
any special extra manufacturing proeess in crder to form
the MOS capacitor 303. However, if the MOS capacitor

20 305 is te be dsed as a storage capacitor, it is
necessary té maintain a condition wherein a channel,
that is an inversibn;laye:, is formed.at the region 314.
A predetermined voltage potential is applied to the gate
electrode 306 (319) of the MOS capacitor 303 so as to

25 turn the latter on for méintaining this conditicn. For
example, a positive potential in the case cof 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 insulating f£ilm is normaliy formed to be extremely

30 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 conventicnal insulating £ilm
layer. This is very cffective for economising on the
area employed by the storage capacitor. Therefore, it



18 and NA represent equival ent donor and acceptor densities

for the channel regions, respectively. Furt her, equi val ent donor
and-acceptor densities are determ ned by the density of the donor

i mpurities existing in the region, theg density of the acceptor

I mpurities and the trap density acting as donor and acceptor.
According to the present invention, the thickness of the silicon
thin filmof thebebemasl poegiblei BoaiRckppeeTthedapedtule ratic LEPEHEFT is

formed to be sma h h Xgerr] or 10 Xerr]. Figure 7 is a
cross sectional %%eﬁ?é @QEE#% Sén & where a depletion layer is forned.

An insul ating ;&bé&satnaéﬂSLGQtiGESoﬁ shE|anwenhmmﬁfcbnse§gsomhg47
formng a channelskfEiRg, o£2BH §§#i98”m%§f&x P } gh@@ﬁ 11&4§T 149°
nsul a 50 is

form ng source/drain regions. I ng ayer
formed on the rc&Fbne gipcuit. Figﬂgaahﬁ {ad, Lsaﬁdcﬁﬁgﬁt§@§Fé§@r§§€3@gh is

provi ded on an éfﬁaﬁgﬁﬁéné5§er tﬁQQméﬁhﬁiﬁﬁss théﬂeféhéhﬁél &h'n film
is indicated by tsi t he th étion i orned on
the sil.icon th|ﬁt$¢@%?§§$$§c%u?§t§@te 33%dV@§F@énb§ picture e £ The

basic criteria fmatpiovasdng dhEvereiecitt composddi ¥€ ywsuai:efﬁ@m@d
et ve MU PSSl sy BRLE T e RRhoh Blfnter srockbbas
1¢ is formed, a sealing member 334, a f£illing of liquid
erystal 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 33%. A
recess 336 in the mounting substrate 335 adjacent the
aperture 340 is effective for ensuring & strong '
connection by the wire 338. & shading member 337 is
adﬁantage@usly 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 extermal
appéarance_cf the active matrix panel when used as a
display device. Figure 16 (k) is a plan view of the
arrangement showing the picture element matrix 341
25 supported by the mounting substrate 335 over the
apercture, 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
29 accordance with this embodiment is utilised as a trans-
mission type display device and a light scurce is
provided at its rear face, the leakage of unnecessary
light frem the periphery of the picture element matrix
can be prevented and an improved external appearance is

=2
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25 of conpl ementary TFTs. (2) A nmet hod of manufacture and a
structure for a conplenentary TFT integrated circuit are provided.
(3) - The characteristics of the P type and of the N type

sen -conductors are nade to be well bal anced. 2830 (4) The TFT design
I's inproved so as to enhance the capacity for driving the | oad.
Various further inprovenents will now be descrt bed. A first
modi fication in thebtainedf a | ayout for an active matrix panel is

shown in Figure 8, WwhichyhSagplications of thePlaveNtE¥hOkidD S6Fi N
matrix panel 160 show ng the | ayout of each of the circuit bl ocks.
A source line degeri®edircuit 161 (and/or 162) is formed at the

periphery of the active xegirxtpapslidefices éhethopinventidmniis otnbant om) -
Fogister 1030 a butiEreats vied Fliner (hetPiiBreefPites i S M 4 wur)
circuit 166 are eof aavidegecameraiasititet hiket herBy einteguating he drive
peri.phery W AN i DG RMT S LbhS1 SRk En B} Fhd Hin tnd PALEutd e
' element matrix as described above, a small, inexpensive
and reliable active matrix panel having & low power
10 consumption and a2 high resolution dens;ty can bhe
- 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 apgaratus
352, and a video signal processing circuit 351 arranged
1§ to supply a composite video signal on a line 362. The
EVF 353 comprises a drive circuit 354, dincluding a
chroma circuit, a synchronised timing signal formation
circuit, a liquid crystal panel driving signal
‘formaticn circuit, a power source and a back light
20 driving circuit. The EVF furthexr cemprises a light
source 356 for providing the back light, a reflector
355, a diffuser 357, polarisers.358 and 360, an
active matrix panel 359 according to the invention and a
lens 381.
25 Such a structure offers the following benefits,
which have not been cbtained by an EVF employing a
conventional cathode ray tube.
{(3) A colour EVF having an extremely high resocluticn
with a picture element spacing of 50 microns and
30 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.



10 drive circuit 167 (and/or 170) is fornmed at the left (and/or the
right) hand periphery of the active matrix panel 160 and a shift
register 168 and a buffer 169 are arrggged in order inwardly fromthe
periphery within the gate line drive rcuit. A picture el enent

matrix 171 15 is formed at the centre of the active matrix panel 160
d the

for connection t urc ine_drjve rcuit, 161 2
gate line drive §$§CUIf g?ﬁ%d?f é%ﬁdggb CanlﬁSuVOFgrﬁFﬁéég %9§gef73, 174
and 175 -are arr&ngédewen a noveéhedesigmrsnokhibk phacEVFSigniliatals
transmtted 20 é% ﬂ% the panel in use in the directions indicated by

1

arrows 176 to I'mted space can be put to the nmost effective
practical use by the |&5@titensappbi¢apion 1s inggogeiour display fFyrther,

a |l ayout a3 Shovgmjeéiwﬁre @n'%shz?éh th&'édzégﬁe%éﬁtﬂxt@&né@uiﬁeehpﬂé?’g&' ve

circuit and/or the ine drive circuit for formn nit ¢

a
within a 185y 8 %@%W%Lﬁ%‘én‘f@%ﬁgt he Ep9RFAg-Petictnplan
pi cture el ement Syieas dmm&w%&m f@s Lég prajeetdr. Whibe Tighs 196

L ot have M RESISREI R Ll Sho. SPRLAGPSL EE gk U e

repeating Ceindgs, hais r@mmad \bydteh garabdlie misveendibyand ise

e B A SR o e ndfe YAl incra- MR 8P ©

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
wavelangth of about 500 nm) is reflected by a blue light

18 reflection dichroic mirror 373, other light (e.g.
yeliow light) being transmitted therethrough. The
reflected blue light is directed by a reflecticon mirror
374 into a blue light modulation liguid crystal light
valve 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 nm to 600 nm) is
reflected while the other light, that is red light
(light having a wavelength of about 600 nm and longer),

25 is transmitted ﬁherethxougne The reflected green light
enters a green light modulation liquid crystal light
valve 379. The red light transmitted through the green
light reflectien 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
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



20 are shown surrounded by broken Iines. A positive power

source line 184 and a negative power source line 185 are connect ed
to regions 186 to 191 of silicon thin film form ng the source/drain
and channel regions of a P type TFT a#®d to regions 192 to 195 of
silicon thin film . form ng the source/drain and channel regions of an
N type TFT. The el enents of each TFT tan_be separated by

etching the silicoiiidtn fFUGH 128 (IR | IreeePrdcrred, and @%%a?@?%ss of

gorr? pol ari t)é ?ndsﬁﬁ;tk%ﬂéé& Ay tay - dd&t@ﬁ: éﬁfmfmsi _fm&g:@ﬁé?f@ﬂ: a _
I Stance a et ween e Sill1.con I n 1 (0] e pe
TET and the 'R S 2R o gomagannd ¥t o Bl FetiSctidy
di stance b bet vvemmmg V381 expidbrs Y kight] Sfefilection sutfacsm 382 ncfossn

According 1ot he T a¢ Vi arien” 7' tHe UM SREREARAT |,

in which a unit csloamdlmagg drse ek E Sowh ared |mm nte rarRfrReR by
i sosl ated area cf t the P type TFT and an isol ated
rffttict Reds 3,

area of silicon t@h pe TFT 20 alternatel% utg#smg
t he above charactenst@&%?h a 53%%%%4%§u9%fe$$ the folloyipg hene
i ncrease the nunmiarycy kﬁdﬁr&mﬁs been oMty h he dellduwidispins may al so

be enpl oyed. Fi %aﬁr%e;s Q‘a . and 10 (‘ﬁ?@t usjar tehaé.'e'&\?ré@e %% a

conposed ofW:orrpI
projection tube.

{1y a prajectzon lens with a small aperture can be
used for the projecticn lens 384 because the liguid
crystal light valve can be made smaller and of higher
i5 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 ratioc, the active matrix
panel of the invention permits a light display even if a
20 projection lems with a small aperture is utilised.
{3) Good registration of the three colours can be
gbtained because the cptical axes of the red, green and
blue light valves are fully aligned relative to each
other by the dichroic mirrors and dichroic prisms.
25 - The present invention, therefore, provides a
number of benefits and advantages.

Firstly, the fcllowing advantages can be obtained
by forming the gate line/source line drive circuit made
of complementary TFTs on the same transparent substrate

30 ‘as the picture element matrix in accordance with the

invention.

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



pogitive power source line 199 and a negative power source |ine 200.

In Figures 10 (a) and 10 (b), t hrough hol es 201 and 202 are provided

for. form ng contact between a source region and a gate el ectrode 30

203. At first, a P type region 204 and an M. type region 205 are

provided in an isolated area of silicon thin filmwth a boundary 208.

Next, a contact with the drain region is fornmed by a through hole 206

and an out pdfitiegrategy digicuite afn dnventiRmed. As a result, a

21 _ 1iGuiec engstadi fgﬂa@n@i‘,%ﬁfm% he gdivaitd WL SRNeer fPacing of

t he reduction of Block noi se |%1&E§ sourc% |%§ drg%g, CérCUIt. As

shown in Figure $90 PREFORS @BY L§55) AR be obtaifed if ACFIOHITR| ded

with video signakwibbseheldnventGon. and a line (connected to the

termnal 34) for ,trans; m.tti,ng at .|l east airﬁﬁi %ﬁl '

i nverted clock (E) ?Fl&aﬁé‘tEEﬂ ?rd @FP]SLP& °§r %ﬁ%&"q t ?%d%ée%%%?eér

13. The | efietkkomatrixnpganed rtant be mhmiatadriked sd tHatta a

pair of lines an '% gg S, @ i c Eb ay

capaci tance forng%é %& §§V%%$ 3@9@%9§§§h§| iﬁgﬁﬁ1é£¥%§%}tg%§§ | i ne and

t hat forned bet waegordsngafe thecdnvention can be made smaller, thinner
and lighter.

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

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

(5) The low current consumption which is an imtrinsic
feature of the present active matrix panel obtained by
forming the drive circuit with complementary TFIs
results in low current consumption in the whole display
20 device. This is an important feature, which makes the
application of the invention in an EVF for a video-

- camera and a portable image monitor feasible.

Secondly, not only is low power consumption
achieved but 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 register. A TFT has a high OFF current
characteristic as shown in Figure 5 and the temperature .
dependency of the OFF current isg alsc large. This

30 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 polarx
impurities are included in the first polar TFT source/

ges
(9.

i
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signal bus and the [err] line, noise in the formof a spi ke
sychronised with the clock signal is added to the video signal. As a
result, unevenness occurs in the 15 display in the formof a line in the
pi cture produced by the active matri x3danel s. As shown in
Figure 11 (a), the above descri bed cl ock noi se may be reduced by a
twi sted arrangenent for the CL and [er¥] lines. Figure 11 (a)
i|lustrates a solwain 2egiod iamd drotie firstuiand osecosd pobashimpuriyieser
havi ng uni I of I | S

TETs 14, 215, 0 aF iR iyl Hevidh EBlcnel, dpfiley! **ﬂ%‘?&“@fﬁ%‘%&‘ﬁus
217. CL and [é%Z'F% ngiaed dry fdhe mecond ?Q&s@%s’?@cﬁﬁ‘éﬁw ﬁi-%. are

LI e St Wi ety vl
i stance ween the .. i_ne n e €0. Si g an e
average °  diSHRFHE 58S %l[xﬁdr °Y 2# h%g\ﬁ dse%'%{'l%nal

bus 217 are md@m@@mwlﬁmtmw mﬂmﬂﬁmmtpmcess didemamps a
oS bt neon AR ioth SRR oo NG T, TR S
to be equal to type amide N divpe fIFTs heitdt Jieq@'ﬁ?r»;‘="
217, Further, P8 HpantatBdl 10T (00 A Taing . o o TS
10 Fourthly, the gate which forms the drive cirecuit
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.impzaved and the writing and
holding of electric charge in each picture element can
15 be maintained in thé optimum conditicm.

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

Firstly, the pattern layout as shown in Figures

20 8, 9, 10 {a) and 10 (b) enhances the arrangement within
the drive circuit(s) so that unit cells can be formed
within a defined pitch corresponding to the spacing of
the picture elements.

Secondly, clock ncise in the video signals can be

28 removed to the point of rendering any corresponding
unevenness or unwanted lime in the picture displayed
below the level of visibility.

Thirdly, the resistances of the connectiocns to
the sample and hold cireuit are made uniform akong each '

30 source line so that the writing level of the display
'signal to all the scurce lines is rendered unifoxm,
which aveids unevenness in the form of a line in the

picture display.
Fourthly, the scurce line drive circuit as shown



22 ° edge of the clock signal CL corresponds to the trailing:

edge of the clock signal [err], and vice versa. Conse- quently,

cl ock noi se added to the video signal can be reduced sharply to
realise a clear display in the pi cture. Further, the CL and [err]
lines may be twi sted (cross over) a plural nunmber of tines.

A third nodification of the invention seeks 33 make the resistance of
the connections to the sanple hold circuit uniform Figure 12 '
illustrates the parts of a source line drive circuit such as the one
shown in Fi gor EigurenéBudangaadslrivencpystbe 23ignalisdes shgwal in

buses 231 t0 233 paaaiPhs 8 daeibaULLaBOtRG 8E"Upl Tedeg s1chdd WS

and a picture ele t matr
correspondi ng, f6Fe@RenpyYe2Nft bytneans of grSHﬁﬁ?mcgto§r§h&§& ERYistereen

(G and bl ue (B), hﬁéﬁ SHithe t e 035S e
231 to 233 p %Eéﬁet%giggﬂb%a%l%%&% %igh&i ﬁ%ﬂg%sia E%@ueﬂﬁ z.
hori zontal 2can. @hes%ntﬂ$%%v%|%@%r§¥gﬁé¥e%u@églng a Pé&ﬁr#@ a | ow

resistance, a rrBdﬁiv@U@:tm@m'a'@fﬂmgW réséﬁutzoﬂr 848" Bé Mbﬁ&@ﬂe&oévéﬁd‘

i ne. On the ot he structure of ures
(b) which is h@;@%‘r ea"’et?%s%emg HERFERRt ot § &?Fv%e??gﬁ?‘ﬁﬁlgcgﬂ%ﬁ?c al
poi nt of viewissenﬂnghxi aire egpioyederial as that enpl oyed for the

CaLE Fhecl 1 odes, 20 ond Reustil Sy o B E Ve LLBSIP o ki 1S
hol d 10 output of each drive circuit, cnecklng the active
matrix panel, which has previocusly been carried out by
visual examination of a display test patterm, can be
carried out electrically and automatically.
Sixthly, the structure for a storage capacitor

15  as shown in Figures 15 (a) and 15 (b) may be employed in
each piétu:e element tc 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
Figures 16 (a) and 16 (b) not only improves the
connecticn strength and the reliability of the panel but
alsc prevents the leakage of unnecessary light arcund
the periphery of the picture element matrix in the event

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

Finally, the application of the invention to the
particular display systems described has the following
29 advantages. _ -
FPirstly, 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 tc the EVF
of a video camera.



circuit. In this case, the sheet resistance of poly- crystalline
silicon thin filmis nmuch higher than the resi stance of the video
signal buses, and the |lengths 30 of the lines 237, 238 and 239 cannot
be equal to each other if these lines are straight, whereby the

resi stance of the lines 237 to 239 also will not be equal to each
other. As a result, the picture dispgiyed may be uneven and i ncl ude

| i nes. However, in 23 t he
present invention, the lines 237, 238 and 239_are formed such that
their resistances,are de equal to .. gach. other. . For anple, , the
line width Wmay ﬁ }keggn exgremg%xspéﬂg ﬁﬁﬁogﬁsﬁppngo%gﬁgt%gfangga%h l'ine
237 to 239 piayube eddmeryuspacing ofie5i nécrongt brl lesseqsn bene

may differ and thEeéiﬂge&‘9&“t%§f§%%¥§%yaﬁeégéi%éYﬁéﬁréxtﬁaneﬁeﬁﬂiéﬂ Lge

lines 237 to 239. ] ) npdl rcation of e tnvention Is
directed t pravidednvithsa ngoleer sfbitepeedFartheny i $@wcPPPart 10 -

conposed of sTFTS. agn g§§ﬁ Fosfigyre 5, since the ~ performance of a
TFT is inferior to the Egr ormance of nmono-crystalline silico
MOSFET, the speed{®) a Bmjextremely small and light weight EVF can be
realised in 2 space saving manner. .
{3) The shape of the EVF can be selected more freely
so that a novel design, for example 2 f£lat EVF, can be
10 provided. _
Secondly, effects which cannot be cbtained by the
use of a conventional cathcde ray tube can be cobtained
by the application of the invention to a colour displiay
projector. '
15 (1) Since the ligquid crystal valve can be made smaller
' and of higher resclution than in the case of the cathcde
ray tube, a projection lens with a small aperture can
be used. Therefore, a small, light weight and
inexpensive coclour display projector can be realised.
20 {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 employing the cathode
tay tube, the optical axes of the light valves for each
25 colour, namely red, green and blue, can be made to
coincide by the dichreic mirrors and dichroic prisms so
that the registraticn of the three colours can be
achieved satisfactorily.

30



regi ster made from TFTs is not fast enough-to drive an active matrix
panel . In order to nmake up for this slow 15 speed, the circuit
structure 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 cl ock signals CL x 1 and [err] are applied to a flrst shi ft

regi ster 250 included.in a source line drive circuit for ||H ImmmumP
sanpl i ng pul ses 252, 254 and so on. Fur t hegs a st fr

clock signals CL x 2 and [err] are applied to a second *shi*f t "reYister
251 included in ~the source line drive circuit for generating sanpling
pul ses 253, 255 and so on. A video signal bus 265 is 25 connected by way
of TFTs 256 to 259 of a sanple hold circuit and source lines 261 to
264 to a picture el enent matrix 260, The signals V, DX CL x 1,
[err], CL x 2, [err], and the pul s&d.&EMSt 0 255 out put fromthe Shlft
regi sters 250 and 251 are shown in Figure 13.(b). 30 The source
line drive circuit shown in F|gure 13 (a) is provided with the two
shi ft reglste{s 25 and 251, which are.dr clocﬁga als CL x 1

([err]) -and- %W?ﬁﬂwwwﬁaﬂﬁf mﬁ% %h of

phase.  Wen,ghGes S Farshilent fubliak (7 £ He) ahd Mx&z"ﬂn@ﬁﬂes a plurality of gate lines

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

33), each of the pictum elements including a thin film transistor (29, 101), the active
matrix panel further comprising a gate line dﬁve 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 static shift register conﬁp@sed of a plurality of |
complementary thin film transistors (47 to 56; 58, 59; 99, 100) provided on the
transparent substrate.

2. A panel according to claim 1, characterised in that the gate line drive circuit
(167) comprises a shift register (168) and a buffer {169) ar;‘anige(i in that order with the

buffer closer to the picture element matrix.

3. A panel according to any preceding claim, characterised in that the source line

drive circuit inciudes a sample and hold circuit (166).

4, A panel according to claim 3, characterised in that the gate length of a thin film
transistor in the sample and hold circuit (166) is less than the gate length of a thin film

transistor in the shift register (163).

s. A panel according to any preceding claim, characterised in that the source line

drive circuit has a pair of clock lines (218, 219), which cross one another.



24 " with a nunber N of shift registers, each shift register

shoul d be driven by a respective clock signal and the i nverted clock
signal wherein the phases |ag by approxi - mat el y 180[err]/N If
the frequency of CL x 1 and CL x 2 is taken as _
pul ses 252 to 255 are generated sequepntially at m;- )

hours. The video signal V is sanpled the traili*ng edbe§ 266 fo
269 of the sanpling pulses and is held at the source lines 261 to
264. As aresult, sanmpling with a 10 frequency 4f is realised by neans
of shift registers which are driven by a clock signal of frequency f,
whi ch results in an effective conpensation for the slow speed

of a shift registerg 2tBodin TE%Z(PP%H% él%@” MO Cr s cod

source line drive CI cuirt 1s provi
registers, saygg) fmmﬂmhfm YVRY the mler@ﬁr&ﬁ @ﬁ%ﬁ&ﬁc@lﬁm@aﬁ@é of
shift registers which are drlven by a clock signal of frequency f

A fifth nodifig&ligon of the invention provides _ means for testing each
output fromthe source |ine and 20 gate line drive circuit. Figure 14
illustrates this nodi fication, which includes a shift register 280 as
part of the source line drive circuit; a video signal bus terina
281, a sanpl &.and &@M@G@ﬂi@ toamy pirededipgeclaim, whendy theashift registoriotat leaste
drive test CIFCUIt 283, control term nal for the, test CIFCUIt 283,
a test ] %mtgémetd@wmcmmt and therueceding drive cirguit g the LMO

respective esgt(mﬁgzl iratlon aid tackides tiin it transisiors of P type and N type, each having a

‘separating region for separating source and drain, the separating region of the P type
transistor having a thickness which is less than a maximum calculated depletion layer

it  thickness XpMAX, and the separating region of the N type transistor having a thickens
which is less than a maximum calculated depletion layer thickness Xnpa x, where:

XPMAX = (286 x 2 6fP) 2 x (g x ND) %4
XNMAX = (28 x 2 6fN) * x (q x NA) ¥
15 q = a unit of electric charge,
g = the dielectic constant of a thin silicon film
¢fP = the fermi energy of a P type TFT,
$fN = the fermi energy of an N type TFT,
ND = equivalent donor density of the thin silicon film formed between the
20 associated g#te insulating layer and the substrate,
NA = equivalent acceptor density of the thin silicon film formed between the

associated gate insulating layer and the substrate.,



286. Likewise, a shift register 287 forming part of a gate line
drive circuit is connected to a gate line test 30 circuit 288 having a
tesy signal input term nal 289 and a test signal output termnal 290.
A gate line 291 | eads fromthe gate line drive circuit to a picture
el ement matrix 292. A respectlve test circuit 288 is added to each
gate |line 291. The test circuits operate as foll ows:
t he test circuit 283 i‘'s turned ON bysgay of the term nal 284 for
testing operation of the source line drive rcuit. In |
condition, the shift register 280 is scanned after TH@ SHE ﬁASéEE%c
test -signal is supplied to the video signal bus term At
this time, if a signal whi ch neefgeshadprd requirenents is serially

out put at the test output ternindr 785, —the result is considered

as "Good" and, if not, it is considered as "Poor". 10 For testing the
gate line drive circuit, the shift reglster 287 is |ikew se scanned
when a predetermn ned ACTEIVE MA7 PARELL his tine, if a

si gnal which i

An active matrix panel comprises a picture element matrix (22), which is
mounted on a transparent substrate (71, 86) and which includes a plurality of gate lines
{24, 25), a plurality of source lines (26, 27, 28) and a plurality of picture elements (32,
33). Each of the picture elements includes a thin film transistor (29, 101). The active
matrix panel further comprises a gate line drive circuit (21) and a sousce line drive
circuit (12) and at llést one of the gate line drive circuit and the source line drive circuit
comprises a static shift register composed of a plurality of complementary thin film
transistors (4? to 56; 58, 59; 99, 100) provided on the transparent substrate.




nmeet s standard requirements is serially output at the test out put

termnal 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
automati cal ly, whereas in the prior art testing has been by visual
observati on of a displayed test pAtt ern. 20 A sixth
nodi fication of the invention involves proyMj ding a storage capacitor
in a picture el enent wi t hout an additiong process during manufacture.
Figure 15 (a) ggl lustrates the cildcuit of sucl a p| ct)ﬂe el ement, and
Figure 15 (b) £L0SS—se0th-0h-thiough—25—t-he~ —ehpat——AS
shown in Figuré¢ |15r=(¢a)¢ .._,gu:;e.s:{m i Qgt.we,, el eg&nt@cgrmrgs&es@ag'l;a;gm,
whi ch oper at gg Y s 5 1 a s M fch _and whi. Ls. connected. a_sourcel ijne 300
and a gata 9rme=—S0t—a |liquid crystal cel | 303, a count er F.
el ectrode terniti a 304, a| rret al oxide sem -conductor 30 capaci tto 305
(hereinafter refergred to as{a MXS icapacitor) having a gate el ¢ctrode
306. Tur ni ng . FLOUneEirs 1D) Transparent 1 3 Lng_Substr at es
310 and 3 ve—Sentnteeth %E%T#m%g %
rzggi ons 311 to 153 gate i n {a.i 9\, J:pm regi onsﬁa@lGng g
l K 9 QS
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and 317, gate electrodes 318 and 319, an insulating filmlayer 320,
a line {ayer 321 which forns a source line, a transparent conductive
filmlayer 322 which forms a picture el enent el ectrode, a counter

el ectrode 5 323 including a transparent conductive filmlayer, and

a layer of liquid crystal material 325. . The TFT 302 forned by
the portion indicated,by the ref2f¥nce nuneral 326, the regions 311
and 313 provi ding the source/drain regions thereof and the 10

region 312 form ng the channel region. The MOS capacitor 305 is
formed by the portion indicated by the reference nuneral 327, with
the regions 313 and 315 provi di ng the source/drain regions thereof
and the region 314 form ng the channel region thereof. 15 - -As
shown clearly in Figure 15 (b), since the MOS capaci tor 305 has
entirely the sanme cross sectional structure as the TFT 302, it is not
necessary to add - any special extra manufacturing process in order to
form t he MOS capacitor 30g. However, if the MOS capacitor 20 305
is to be used as a storage capagitor, it is n@@essary to maintain a
condition wherein a chanmetr—" t-hrat—-t+s, ar—t+nverstomrtayer—\s forned at
the regi on 314. A predeterm ned vol t age potentlal IS applled to the
gate el ectrode 306 %%19) of ,the MOSegapacitor 305 soggs to 25 turn
the latter on for nmaintai 'ngi{%}?condltlon For exanple, a
positive potential ing,he (case an N tyée NCS CaOGCItOF or a
negative potential in : S L ATYPE MOSTTgpsgitor s
appropriate for this.




gate insulating filmis normally forned to be extrenely 30 thin, a

st orage capacitor produced as descri bed above can be fromfive to ten

ti-mes as large as a storage capaci tor nmaki ng use of a conventional

insulating film | ayer. This is very effective for econom sing on the’

area enpl oyed by the storage capacitor. Therefore, it

27 becones possible to |ncreQ§@ gt he aperture ratio of the

active matri x panel. | a nodi fication 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

arrangenent for the nounting, which features a transparent substrate

330 wherein a picture el ement matrix and a drive circuit conposed-of

TFTs are fornmed, a transparent substrate 331 wyfein a counter

el ectrode 10 is formed, a seallng menber 334 filling of liquid

crystal material 333, a pBuht-Ag-subsirate.335 he La",:; an aperture

340, a wire 338 nmade of 3 netal such as golﬁ alfum nium and a
recess 336 in the nDunti g substrate 335

O

adj acent the

VA A A A
) .

ialc




15 aperture 340 i5 effiective for ensuring a strong connection by
the wire 338. A shadi ng nenber 337 is advant ageousl y provi ded over
all-or a part of the i nounting substrate 335, and a further shading
menber 332 in the formof a strip surrounding a portion of the 20
picture element matrix is advantageously provided on the t ransparent
substrate 330 for inproving the external appearance of the active

mat ri x panel when used as a ~di sgif#y devi ce. Figure 16 (b) is a plan
vi ew of the arrangenment showi ng the picture elenig matri x 341 25.
supported by the nmounting substrate 335 ovér the %erture, which is
indicated by the dotted line 342. "~ Singe- {ress on the wire
338 is uniformwith -~ thi ardangéﬁen ,  the $trengthj of the connection
is i nproved.  Further® mhin tfit a¢ti vé5ma rifupaw | in 20

accordance wth this enbodi neht | m ssion type
di spl ay device and a |9ght ) 2ar face, the
| eakage of unnecessary

utilis

B

o
I

¢

1 phery 6 th
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L ght frofth
mat ri x can be prevented équan #ahpr oy, dcgxt er nal gzgppearance is
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ry

obt ai ned. Two applications of the invention will now be

descri bed. A first application of the inventionis in an
electric view finder (hereinafter referred to as an EVF) of a video
canera or the like. By integrating a drive circuit made of
conplementary TFTs with the picture el ement matrix as descri bed
above, a small, inexpensive and reliable active matri x panel having a
| ow power 10 consunption and a hi gh $8%ol ution 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 i mage sensi ng device
350, ' recordi ng appar at us 352, and a video signal processing circuit
351 arranged 15 to supply a conposite video signal on a |line 362. The
EVF 353 conprises a drive circuit 354, including a chroma circuit, a
synchroni sed timng s gnal formation, circuit, ,a liquid crystal panel
driving signal TFormation CIFCUP{ a power sour%e and a back |iRght 20
driving circuit. Thé EVF further cdnprlses a Ilght) source 356 for
providing the b rght, a reflfector | . 355 [ RS, v e
pol ari sers 358 and 360§ an actlve matri x panel 3 Ndj ng tolthe
invention and a ens .361. {25 P Such a strjc 5 e
fol | owi ng benefifts, whi ch have not been obfai ned ay ER ying a
conventi onal _catihode rjy tube. (1 A col oyr EVF . ;extre|-ly
hi gh resol uteon; . th a picture ellenment spati ng ofi- 1 CR
| ess can be pﬁoduced if the gctjve matyrix papelfis -

e (= - =

134,

d:




provided with a colour filter. Low power consunption is also

pr onot ed. (2) "An extrenely small, [light weight, space saving

destgn of EVF can be realised. 29
(3) The shape of the EVF can be nore freely chosen and even a
novel design in which the EVF is flat is p055|ble.

Anot her application is in a col our dlsgla projector, in which the
active matri x panel is enployed a I|qU|d crystal |ight valve.
Figure 18 is a plan vi ew of such a col our display projector. Wiite
| i ght enmitted froma light soutse 370, such as a hal ogen | anp,
is condensed by a parabolic mrror 371 and is 1Q4¢ filtered to cut out heat
rays in the infra-red region by h -ﬁfﬁV’buttigg4gglter 372 so that
only light rays in t he vi si fgi*tl-gbect rum epter~the dichroic mrror
syst em of t he projector. Fiyst, bl l'ight (light having a -
wavel engt h of about 500 nm is reﬁéea ed a blue |ight reflection

dichroic mrror 373, other |ight ) yell o ht) bei ng
transmtted therethrough. The T Tos
. === YTp
94} §e 3
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reflected blue Iight is directed by a reflection mrror 374 into a

bl ue light nodulation liquid crystal |ight val ve 378. The |ight
transmtted through the blue 20 light reflection dichroic mirror 373
strikes a green light reflection dichroic mrror 375, and green

l'i ght (It ght having a wavel ength of about 500 nmto 600 nn) is
reflected while the other light, that is red Ilght (l'ight having a
wavel ength of about 600 nm and | onger),7/1% S transqg@ted t her et hr ough.
The reflected green |ight ent | | : AAmodul ation |iquid
crystal |ight val ve 379. The 4 tted t gough the green

2/

efI ection

light reflection dichroic mrro

whi ch conprises an active nmatrig accor Sng o the invention
driven by a primary col our si"gnal , su1h as bl ue, green and
3 The dichroic

red, and are then © synt hes] sed ﬁyﬁa di chroic pri st

mrrors 376 and 377 into a red. 30 fat ;ﬂ$4irystal val ve -

380. The bl ue |ight f, ',;, Jiaght_ g», rare .

nodul ated by the liquid crystal ;jlves\S?BQ. and 380, each of
neI
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prism 383 is so constructed that a blue light reflection surface 381

and a red light reflection surface 382 cross- one anot her at right
angkes. The thus synt hesi sed -colour image is magnified and
projected onto a screen by a projection |lens 384. Such a
structure offers the foll ow ng benefits, - which have not been obtai ned
by a col our display 10 proj ector enploying a conventional cathode ray
tube as a proj ection tube. 8/¢2) A projection lens with a small
aperture can be used for the Pf@jectloq kens 384 fgcause the liquid
crystal light valve can be ng@g@gggimgj and/of hlgﬂgg:ﬂs resol ution than
is possible with a cathode riay tube. ! Theré&fore, a small, %ght wei ght
and i nexpensive profector can be realised, (2)_ “*ﬁh g a high
aperture ratio, the active gptrix i panel dif the wﬂ?@ntlon pernmts a

| ight display even if a Z@ff],v’7f i qn | SR 7 mal If aperture i's
utilised. (3) Gbodé/ﬁ,,;y{f i dn A AL/ D otif s can be

obt ai ned because the opti_calf a:
val ves are fully alignddérelt
mrrors and dichroic prlsnsﬁ

1 bl ue Iight
Ya_djdhr oi c

t her ef or e,

provi des a nunber of Firstly,

the foll owi ng advant agss-~&4H A i el

| i ne/ soufce line drive 'cifc f\, ﬂ of *ff ' Vi TFTs on the sane

transparent substrate 30 77’ AEADI S/ -~ jil-ngaccordance with
v " 4% ; L s 7! £e g

t he invention. gg° -

resolution is
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limted by the nounting of the drive integrated circuit. Thi s
limtation is renoved by the built-in drive

31 ; integrated circuit of the invention. As a result, a

liquid crystal panel having a picture el ement spacing of 500 mi crons
and | ess can be obtained in accordance wth the invention.

(2) The external dinension of the nounting substrate of the matrix
panel can be mniaturised so that a g/ydi spl ay device enploying a
l'iquid crystal panel according to the invention can be nmade small er,
t hi nner “and lighter. 10 (3) Since the step of attaching an
external drive integrated circuit is unnecessary a | ow cost display
device can be obtained. .-; (4) Sinc® theuconagﬁtlon of an extepRal
drive integrated cirguit is not y(red ereliability g

the di splay device gan be Snproved 15)%%7 e _low current f¢Onsunpti on
which is an intrinsiq : {f eafure of A*he pg@ i{Xx pane
;6 t Ia!ie

obt ai ned by form aiTgye crreqrt mn””"”fﬁ: FRIS333
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results in |ow current consunption in the whole display 20 devi ce.

This is an inportant feature, which nmakes the application of the
invertion in an EVF for a video canera and a portabl e i nage nonitor
f easi bl e. Secondly, not only is |ow power consunption
achi eved but also the voltage range and operating 25 frequency range can
be extended by the use,of conplenentary TFTs and a circuit structure
with a static type of shift regisggfiz A TFT has a high OFF current
characteristic as shown in Figure 5 and the tenperature dependency of
the OFF current is also large. This 30 defect of the TFT is conpensated
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 inmpurities are included in the first
pol ar TFT source/ 32 drain
region and both first and second polar inpurities, with the latter
havi ng a hi gher density than the fornmer, are included in the second
pol ar TFT source/drain regi on, an inexpensive conplenentary TFT
i nt egrated
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5 circuit can be obtained by the addition of a single phot o
process to the conventional process for nanu- facturing a known
nmono=conductive type TFT. Further, P type and N type TFTs with well
bal anced perfornmances can t hus be obtained. 10 Fourthly, the
gate which forns the drive circuit is formed to be shorter than that
of the TFT which forns the picture element matrix, so that the
actuating speed of the drive cirdaf17 can be |nproved and the witing
and hol ding of electric charge in each picture elenent can 15 be
mai ntai ned in the optbnunbcondrtron Further, the various
nodi fi cations of the |nyent|on descri bed above provide the follow ng
beneficial effects. g1 x4 o Elrstly he pattern ut.—as-shown in .
Fi gures 20 8, 9, , b ang=+10 (b)‘éﬁhances the arrangenent wi thi n

the drive circuit(s) §5 t hat Enrt can Deﬁ;ornea T wWihn
defined pitch corrquonrng t th“‘?ﬁ cin _the picture el enents.
Secondly, clock noise_in ao srgﬂalq can be 25 rgnnved td the
poi nt of rendering &hy*¢ofrEspondng-- —r—HAEY-ERROSS—0F-] faneRted=d i ne i n
the picture displayed ] _ %ez&ﬂnlrt .

Thirdly, the resistan€es96] T 7 T Fsammpteand hol d
circuit are made unlforn1g%F gl ine so that the witing

| evel of the display ? : 7 sl ‘gnes IS rendered
uni form whi ch avoi ds unevesrs f%,:,,;g;"?e;f,i" ' i

pi cture display.
shown
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336 in Figure 13 (a) and driven by the signals as shown in

Figure 13 (b) allow sampling of the video signal with a . frequency
2Nk by neans of a systemof N shift registers whi ch are driven by a
cl ock signal having a frequency f. 5 Therefore, an active matrix
panel having a built-in drive circuit of high resolution can be
obt ai ned even _When TFTs, whose ON current is not necessarily large
enough, are enpl oyed. Fifthly, by providing a test circuit
for the 10 - output of each drive cil®¥ft, checking the active
matri x panel, which has previously been carried out by vi sual
exam nation of a display test pattern, can be carried out )
electrically and automatically. ' Si xthly, the structure for a
storage capacitor 15 as shown in Figures 15 (a) and 15 (b) nay be
enpl oyed in each picture elenent to hold the electric charge in each
picture elenment nore steadily but w thout either i ncreasi ng the cost
of production or decreasing the aperture ratio.
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20° Sevent hly, the nmounting structure as shown in Figures 16

(a) and 16 (b) not only inproves the connection strength and the

retdi ability of the panel but al so prevents the | eakage of unnecessary
|'i ght around - the periphery of the picture elenent matrix in the event
25 that back lighting is used with the active matrix panel of the
i nvention to construct a transparent ﬂ?fﬁ ay devi ce.

Finally, the application of the invention to the parti cul ar di spl ay

Firstly,

systens descri bed has the foll ow ngHBO 3gg¢ advant age

ef fects which cannot be obtained by itThe use conventi onal cathode
ray tube in an EVF can be obtained by the Application of the
invention to the EVF of a vi d(Fo caner a. :
34 (1) An extrenely high {esolttion colour EVF with a
pi cture el ement spacing of 50 microfis orfless;can be |

32

?:95;&@
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FIG1y a




realised by the use of an active matri x panel which is provi ded with

a colour filter. Further, |ow power consunption results. (2)
An extrenely small and |ight weight EVF can be realised in a space
savi ng manner. _ (3) The shape of the EVF can be selected nore freely
so that a novel design, for exanple a flat EVF, can be 10 provi ded.
Secondly, effects which cannot be obtained by the use of a
conventional cathode ray tube can be obtai ned by the application of
the invention to a colour display Ptpjector 15 (1) Since the
liquid crystal valve can be nade snaller and of higher resolution
than in the case of the cathode ray tube, a projection lens with a
smal | aperture can be used. Therefore, a small, 1light weight and -

_inexpensive col our display projector ‘can be reallsed g (2) Due to the
hi gh aperture ratio of the active ,yatrl anel, i ght di gpkay can be
obt ai ned even with, a proj ect f ), _&HB dﬂﬁertur.; (3)
Unli ke the projection tube enpldyi - ube, the
optical axes of -the I| t, Vabwes==grreacir 1‘=5~¥ Ak }“y redsq?green
and blue, can be KM i -’|'é ,’ 1i oD 2 TR K SXE

di chroic prisnms so/*3* ’tha "

fon of tne?‘f‘
achi eved sati sf act r|Iy /
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35 1. An active matrix panel conprising a picture element matrix
(22), which is nounted on a transparent substrate (71, 86) and which
includes a plurality of gate lines (24, 25), a plurality of source lines
(26, 27, 28) and a plurality of picture elenents (32, 33), each of the
picture elements including a thin filmtransistor (29, 101), the active
matri x panel further conprising a gate line drive circuit (21) and a source
line drive circuit (12) and being characterised in that at |east one of
the gate line drive circuit and the s@grge |line drive circuit conprlses a
static shift register conpound of a plurality of




conplenmentary thin filmtransistors (47 to 56; 58, 59; 99, 100) provided on
the transparent substrate. 2. A panel according to claim1,
chatacterised in that the gate line drive circuit (167) conprises a shift
regi ster (168) and a buffer (169) arranged in that order with the buffer

closer to the picture element matrix. 3. A panel according to any
preceding claim characterised in that the source line drive circuit
i ncludes a sanple and hold circuit (166 ) A panel according to

claim3, characterised in that the gat i%hgth of athin film transistor
in the sanple and hold circuit (166) is |less than the gate length of a thin
film transistor in the shift register (163). 5. A panel according to
any preceding claim characterised in that the source line drive circuit
has a pair of clock lines (218, 219), which cross oné another.
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36 o 6. A panel according to any preceding claim characterised
by testing neans (283, 288) for testing each output fromthe gate
line drive circuit and the source line drive circuit. 5 7. A panel

according to any preceding claim wherein the shift register of at |east
one of the gate line drive circuit and the source line drive circuit is in

the CMOS configuration and includes thin filmtransistors of P type
and N type, each having a separ a¢y1yg region for separating source and
drain, the seperating region of the P type transi stor having a

t hi ckness which is | ess than a maxi mum cal cul ated depletion |ayer 10
t hi ckness X/ err], and the separating region of the N type transistor having

a thickens which is I ess than a maxi nmum cal cul ated depl etion | ayer
t hi ckness X[ err] where: Xerg] = (2[err] x 2 [err]fP)[err] x
(g x ND)[err] X[err] = (2[err] X 2 [err]fﬁ%{err] X (g X
NA)[err] 15 G—= Ae—t=t—of——ei 7ut|;u ulﬁargc,,
~ 3
~

!
ek

bx]
-
)
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B =. the dielectic constant of a thin silicon film [err]fP =

t.he ferm energy of a P type TFT, . ‘ [err]fN = the ferm energy
of an N type TFT, ND = equi val ent donor density of the thin
silicon filmfornmed between the 20 associ ated gate

i nsul ating | ayer and the substrate, NA = equi val ent acceptor
density of the thin silicon filmfornmed between the

associ ated gate insulating |ayer and the sggztrate 37 8. An
conprising a picture elenent matri x (22), ich is mounted on a

transparent substrate (71, 86) and which . includes a plurality of gate

lines (24, ZSE—-a—g-I—uasai-u_);_o_t__source I|nes (26, 27, 28) and a plurality
of picture el Tl HE@ZHASSBEENebch of the P&y € el ements including a-
pol ycrystal l'i pe si IREPRACERI n fifl mtransTstor (29, 101),

An active matrix panel comprises a picture element matrix (22), which is
mounted on a transparent substrate (71, 86) and which includes a plurality of gate lines
(24, 25), a plurality of source lines (26, 27, 28) and a plurality of picture elements (32,
33). Each of the picture elements includes a thin film transistor (29, 101). The active
matrix panel further comprises a gate line drive circuit (21) and a source line drive
circuit (12) and at leést one of the gate line drive circuit and the source line drive circuit
comprises a static shift register composed of a plurality of complementary thin film

transistors (47 to 56; 58, 59; 99, 100) provided on the transparent substrate,

FPigure 1
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t he .acti ye=nm rising a . drive_%rcﬁ???‘ﬁ%”
and” a\soYr ﬁ H“%C eil" % CI rﬁ%ublg .412) fnd bei 1@}% ’HEEHTI..LJ#IH that at

| east vong g;l g%q 15°e eg i"If;‘cu t and § hg source tine-driive circuit
conprises: . I it nf't cells (196, 188G 3AB) . {tHe unit cells
each havi n% a‘W’%fa% BREE ci-a Bﬁ ttr th@spaci ng between the fpijcture

el enent s | afkd-o8H5hr i sPARGI ! p@u?%epty of power 84, 185) and a
pluralit of th|nf|Imtr si.stors, the plurjality of thin filftransistors
i ncl udi p¢ vyl e, Sl Thi and
Nt ype AR bR po B ARR. A o cPard iRt TR 1330,
source | ines bei ng connected to the P-type transistors and the N-type
transi st orWhlﬁhdlstmep@Q ranpesprseah osehstrate \(7d, : B6hsand omdiighi ng

arranged alternatively in the unit cell
and

| east
pol ycry
L/ .
comprises:
tvype polverystalline
p,

with respect to the width thereof;

mdtdesc giutalityeof gater linehd24y &5)¢ aspiuirality of soarce dines 869 at
bne cl ocked-inverter and being conposed of a plurality

5t abl7i BB) and a plurality of picture elements (32, 33), each of the picture
elements including a polycrystalline silicon thin film transistor (29, 101),

the active matrix panel further comprising a gate line drive circuit {21)

and a source lines drive circuit (12) and being characterised in that at

least one of the gate line drive circuit and the source line drive circuit

a pﬂumliiy of unit cells (196, 197, 198}, the unit cells each having a
width associated with the spacing between the picture elements and
comprising a plurality of power source lines (184, 185) and a plurality of
thin film transistors, the plurality of thin film transistors including P-
gilicon thin film transistors and N-type
polycrystalline silicon thin film transistors, respective power source lines
b@ﬁﬁg connected to the P-type transistors and the N-type transistors, and
the P-type transistors and the N-type transistors being arranged
alternatively in the unit cell with respect to the width thereof: and

a static shift register, the static shift register comprising at least
one clocked-inverter and being composed of a plurality polycrystalline
silicon complementary thin film transistors (47 to 56; 58, 59; 99, 100}
provided on the transparent substrate, the at least one clocked-inverter

receiﬁng a clock signal and outputting an inverted clock signal.




si l'i con conpl enmentary thin filmtransistors (47 to 56; 58, 59; 99,-100)
provided on the transparent substrate, the at |east one cl ocked-inverter
receiwing a clock signal and outputting an inverted cl ock signal.
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ABSTRACT
ACTIVE MATRIX PANEL

An active matrix panel comprises a picture element matrix {22),
which is mounted on a transparent substrate (71, 86} and which
includes a plurality of gate lines {24, 25), a plurality of source lines (26,
27, 28) and a plurality of picture elements {32, 33). Each of the picture
elements includes é thin film transistor (28, 101). The acﬁve mafrix
panel further comprises a gate line drive circuit (21) and a source line
drive circuit (12} and at least one of the gate line drive circuit and the
source line drive circuit comprises a static shzﬁ’t register composed of a
plurality of a complementary thin film transistors (47 to 56; 58, 59; 99,

100) provided on the transparent substrate.

FIG. 1



