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€8 156" 157 B/Wand col our LC video
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'nel 1 conprises a picture el enent
transistors and which is formed on a
Arenl L i ve circuits and source line drive
circuits 4, inthe form of MOS integrated circuits conposed of °
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L
as disclosed in "SID-83 digest gp. 156 - 157, B/W and
colour LC video displays addressed by polysilicon TFTs"
(Morozumi et al) is illustrated in :igure 19. Such-an
active matrix ;anei 1 comprises a picture element matrlx
2, which utilises thin £ilm transistors and which is
Zormed on a transparent substrate. Gate line drive
circuits and source line drive circuits 4, in the form
of MOS integrated circuits composed of mono-crystal
silicon, are attached to the edges cf the active matrix
vanel X1 as shown, each drive circuit 4 belng mounted on-

.

a respective flexible substrate 3 and being connected'to
the picture element matrix Z of the active matrix panel
1 at pads S. A mouﬁting substrate 6 provides both _
mechanical supporrz for the flexible substrates 3 and the
active matrix canel : and eiectrical connection between
the drive ci:s'i“s 4 and external e;r:ultry (not shown}).
. ‘This conventi ional arrangement has the following

disadvantages:
-(;), High resolucion is prevented.

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

' m

positicning of the
pad interval required Zor forming the connections during
~dounting. Therefore, mass producticn of the active
matrix panel with a cicrture eiement spacing of 100
microns or less is very difficult and so high resolution

{ cannot Se obtained.



silicon, are attached to the edges of the active matrix panel 1 as shown,
eachdrive circuit 4 being nounted on a respective flexible substrate 3
and being connected to the picture element matrix 2 of the active matrix
panel 1 at pads 5. A nounting substrate_ 6 provides both mechani cal
support for the flexible substrates 3 anf"the active matrix panel 1 and

el ectrical connection between the drive circuits 4 and external circuitry

(not shown). Fhl_ ﬁggggnllggglsgrggnggnegtagggthSVFQIIoglng

di sadvant ages: resortution is préVénTé %t A8 prior art,
each source or gai%V¢¢ﬂ%ﬂof the active matrix panel 1 is connected to t he

associated drive o ouits 4 doiPaRectiye adapodfichBasnblASenPeiiban ng

of the picture elenentg. limted b e pad |nterval requlre orm ng

the connections i rmf?nuﬁﬁ TRy, G- fe?o+% TORRRed PREELER RN SfaFﬁéve

active matrix pa:raairm tdarfe Di Cliy el € ERd SRE6ENEL 08 id@AsTbAS0BE. Bhel €SS

I's very di ff'CUH r]c‘“sgo sh'b%t..r..etseméjt.l.e(.)\pe C?é‘“.?é at.)ergg}:t og £ifth as
large again as the dimen 51chs cf the picture element
matrix 2. Therefore, ke almenszons of the display
device employing the acztive matrlx panel 1 must
inevitably be'larger than the a1menszons of the picture
element matrix 2, which is the portion contributing to
the display, and this _imits the:appliéation of the
active matrix panel in z micro-monitor, such as a view
Zinder Zor a video camera.

{(3) The production ccst is eXpensive.’

. The production cf z display device employing the
arrangement shown In Figure 19 involves the process of

fi

connecting the flexibie substrates 3 with the active
matrix panel I, the prccess of connect’ng the drive
circuils ¢ with the Ilsxible substrates 3, and the

_proceSs of mounting th flexible substrates 3 and the
‘active matris panei . ca the mounting substrate 6,
which renders preducticn expensive.

4) The reliabiiity is low.

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

-t is an object ci the invention to overcome the

above croblems and to grovide an improved active matrix



- 2- (2) Mniaturisation of the dlsplay device is prevented. In

t he tonventional arrangement shown in Figure 19, each drive circuit 4 is
nmount ed outside the active matrix panel 1 so that the external dinensions
of the nounting substrate 6 have to be 2 fourth or fifth as [|arge again
as the di nensions of the picture el enent® matrix 2. Therefore, the

di nensi ons of the display device enploying'the active matrix panel 1 nust

i nevitably be larger than the dinensions of the picture elenent 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. (3) The production cost I S expensi ve.

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

According to a first aspect of the present mvennon there is provided an acuve
matrix panel comprising a plcture element matnx -which is mounted ona ttansparent
substrate and which mcludes a plurahty of gate lines, a plurdlity of source lines and a
plural_xty of picture elements, each of the p_xct_ure elements mcludmg a thin film transistor,
the active matrix panel further e_omprising a gate line drive circuit and a source.ll-ine'd;:'iv_e
circuit and being charactensed in that at least one of the gate lme drive circuit and the
source line drive circuit compnses a plurality of complementary thln film transxstors
prov1ded on the transparent substrate having a gate length shorter than that of the thin
film transistors of the picture element matrix. | |

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

Such an active matrix panel can advantageously be




‘The production of a display device enploying the arrangenent shown in.
Figure 19 invol ves the process of connecting the flexible substrates 3 with
the active matrix panel 1, t he process of -connecting the drive circuits 4
with the flexible substrates 3, and the process of nounting the flexible
substrates 3 and the active matrix panel ,1 on the nounting substrate 6,

whi ch renders production expensive. (4) "The reliability is |ow Due
to the many connections, for exanple between the active matrix panel 1 and
the flexible sulesriatyesi et kaiaween 4 he ol i Iinder cigy sa 4v el t famétraxi bl e

substrates 3, n e nggsg§,%PpL}aq,L. hy angcig _portions in use,
t he connecting s %(#@t‘h%é'sl“bé‘eﬁ Sund QP:b%_“?‘réuTT c_i'?a'hl'gl{'!J Thus, the
reliability of the whae dirmenpiatewicds iae idargwihed JURELSherkEswareof

excense of ensubhdmpi@l,| akjileyf Y-die URY co zhe ddcdnipatly 0 CEfawindde
I nvention to ove;cogi t he above problens and to provide ‘an 1 nproved active
mat ri x =i wWnicas ' ' .

Figure 1 is a circuit diagram of an active matrix
panel embodying the present invention; |
Figures 2 (a) to Z (f) show examples ci the .
detaiied structure of a drive circuit shown in Figure 1;
?-gures 3'(a) and 2 (b) are cross sections through
parts of the active matrix panel shown .in Figure 1;

' Tigures 4 {a) to 4 (d) illustrate stages in the
method .of manufacturing an active matrix panel according
to the present invention; '

' Figure 53 is a graph showing thé characteristic of
a thin £ilm transistor employed in the invention in -
cemparison with that ci & mono-crystalline silicon
MOSFET;

Figure 6 is a diagram for illustrating the terms
“"gate _ength" znd "gate width": ) : g
igure 7 is a cross sectional view through a thin

tx]

film transisteor employed in the invention showing
depletion layer width and Zilm thickness in a layer of
silicen thin £ilm; _

FTigures 8, 2, 10 {a2) and 10 (b) illustrate a first
odification cf the active matrix panel;
igures 11 (a) aad 11 (b) illustrate a second

g

(Y]

modification of the active matrix panel;

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

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

Tigure 14 illustrates a fifth modification of the

active matrix panel;



- 3- panel, which is inexpensive and has a small size and which is
capabl e of both hlgh resolution and high reliability. Accor di ng
to a first. aspect of the present invention, there is provided an active
matrj x panel conprising a picture elenent matrx,which is nmounted on a
transparent substrate and which includeg a plurality of gate lines, a
plurality of source lines and a plurality of picture elenments, each of the.

pi cture elenents |nclud|ng athin filmtransistor, )
Tigures .3 [a) and 13 'E) il>ustrate a sixth

- — o .

- -{

' mo&if;catzcn cf =he active matrix panei;
Tigures -% (a) and 15 ’b) illusctrate a seventh
modification cf the active matrix panel;
Tigure .7 is a diagram illustrating a first
- application of the active matrix panel;
Figure 18 is a diagram illustrating a second
application cf the active matrix panel; - and
’ Tigure 1i9 is'a circuit diagram of an active matrix;'T
panel according to the prior art.. _
Figure 1 shows an embodiment cif the invention,
wherein an active matrix panel 11 comprises a source
line érive circuit .2, a gate line drive circuit 21,
and a picture element matrix 22, : all being of comple-
mentary metal cxide semi-conductor structure (herein-
after referred to as a CMOS structure) made of'silicon
thin film and fcrmed on the same transparent substrate.
The source line drive circuit 12 includes a shift

sample and hold circuit comprising thin film

regiscer 13,
cransistecrs 17, 18 and -9 (hereinafter referred to as
mFTs) and video signal buses 14, 15 and 16. The gate
line drive circuit Zi inciudes a shift register 20, and
it may also incliude a buffer 23 if cccasion demands.

The picture element matrix 22 includes a plurality of

, 27, and 28 connected to the source line
rality of cate lines 24 and 25

(o))

source iines 2

8]

[

drive circuit 1

ine drive circuit 21, and a .

ap

pluralic
secticns of the source and gate lines. Each picture
element 32, 33 inciudes a TFT 29, and a liquid crystal
cell 30, which ccmprises a pictdre element electrode,

connected tc the gate
7 of ;;c:ure elements 32 and 23 formed at inter-

and opposite electrode 31 and a layer of liquid crystal
material ktetween the electrodes. It is possible for
other z:rcuits, such as a counter or a de-coder having



the active matrix panel further conprising a gate line drive circuit and a
source line drive <circuit and being characterised in that at |east one of
the gate line drive circuit and the source line drive circuit conprises a
plurality of conplementary thin filmtransistors provided on the
transparent substrate having a gate | engbh shorter than that of the thin

filmtransistors of the picture elenent matri x. Preferably each
picture el enent tRgl edgs-acat grage; gégacht QK f%bﬁ%@e Siimdd anRoUHe/ gate
therew th. .. Such an active natrlx pane can dvan age%H%%y be
~ines Ia orcer, = ce sucsz;:utea
registers i3 and 20. A cicck signal CLX, a start

signal 2X and video sz g :als V1, V2 and V3 are supplied
i1 use To input -erm-“al 34, 35 and 36 respectively of
the source line drive circuit 22. A clock signal CLY
and a start signal 3Y are'supplied to input terminals 37
and 38 respectively cZ the gate line drive circuit 21.
The shift regiszefs 33 and 20 shown in Figure 1
can ke static or dynamic-circuits composed of comple-
mentary TFTs, fconSLStzﬁg of P type and N type TFTS,_-or
they can be dynamic cr static circuits composed of mono-
conductive TFTs. Given the performance of a TFT as a
device, a static type cf circuit composed of comple-'
mentary TFTs is the cptimum one. Since a TFT for an
active matrix panel :s generally formed on an insulating
substrate with poly-crystailiine or amorphous silicon, a
smaller ON current and a larger OFF current are produced
than is the case with z metal oxide semi-conductor field
effect transistor (hereinafter referred to as a MOSFET).
The reason for this that the trap'density existihé in
film is very high in comparison with that

t
n

lh
)

a silicen thin
in & mono- crysta;l_“e silicon whereby the carrier
mobility is iow and re-combination of carriers at a P-N
juncticn which is reverse biased occurs frequently. In
view cf these characteristics of the TFT as a device, a
static shift register ccmposed of ccmplementary TFTS is
preferred generally and such a shift register is also
preferred for the £fclilowing reasons:

(1) Aas a TFT has & iarge OFF current, the operating
voltage range, operating frequency range, and
operating temperature range of a dynamic circuit
consisting of TFTs is very small.

(2) A drive c;:cuz# needs to have a CMOS structure



-4- _.enployed in an eiectric view finder for a video canera, a nonitor

for a portable VIR and the |ike. The invention will be described
further, by way of exanple, with reference to the acconpanying draw ngs, in
whi ch: Figure 1 s a circuit diagramof an active matri x pane
enbodyi ng the present invention; ' Tgbures 2 (a) to 2 (f) show exanpl es

of the detailed structure of a drive circuit. shown in Figure 1;
Figures 3 (a) and 3 (b) are cross sections through parts of the active
matrix panel sh&Wwth i Riqiurecnsumpticn RYyurestent ajor onakiay theubesate

stages in the mydeogof: ”Ba@&x%ﬁ{@a[&é‘%a”::?é:“é"e' G@tﬁéﬁ("i’f&‘”eia %&OE 8ga40.
the present inventiqn; Ure 5 1S & graph showi ng the characteristic

of a thin film SRRt dﬁnlé?"r’pl-(i/etFﬁ rIheES -'r'ﬁ/%‘rﬁ i SFPFHRREBRPRAr i son wi t h-t-hat
of a nono-cryst d13)i ne "Sdé Iozpltj\m?ﬁT raiuve cdi g&b!esnfalﬁeﬁ sihmraﬁaéom a

'ITustrating th%oh cnnauc MO0S dynamic shift *eglster.
Flgure 2 (a) shows a suitable circuit structure:
for each of the shift registers 13 and 20 ih-Figure 1.
Inverters 41 and 42 :in Figure 2 (a) consist of a P type
TFT 47 and an N type TFT 48 as shown in Figure 2 (b).
Furcher, = clocked iaverters.43 and 46 in Figure 2 (a)
censist of P type TFTs 49, 30 and of N type TfTs 51, 52,
respectively, as shown in Figure 2 (c). A clock signal
CL is input to the gate of the N type TFT 52, and an
inverted clock signal CI is input to the gate of the P
type TFT 49. Likewise, clocked inverters 44 and 45 in
Figure 2 (a) consist of P type TFTs S3, 54 and N type
TPTs 53, S6, resoec:ively, as shown in Figure 2 (d).
The inverted ciock signal CL is input to the gate of the
N type TFT 56 and the CLOCK signal CL is input to the
gate ci the P tvypre TFT S3. An alternative DOSSlbllltY
is for a circuit made up c¢f an analog switch con51st1ng
f an inverter £7, an ﬁ'typ TFT S8 and a ® type TFT
39, as shown in Figure 2 (e), to be substituted for the
clocked inverters 43 and 46, and for a circuit made up
of an analog switch c~ns;s;1ng of an inverter 60, an N
type TFT 61 and a ? type TFT 62, as shown in Figure 2

(£), =o be substituted for the clocked inverters 44 and
45.

As described apcve, it is very beneficial to
construct & drive circuics -or an active matrix panel
from T®Ts having a CMOS structure. However, the mere

applicatiocn of a comclementary TFT integrated circuit in
che przor art has disadvantages as described below:

~

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



"gate length" and "gate wi dth"; Figure 7 is a cross sectional view
through a thin filmtransistor enployed in the invention show ng depl etion
| ayer width and filmthickness in a layer of silicon thin film

Figures 8, 9, 10 (a) and 10 (b) illustrate a first nodification of the
active matri x panel; Fi gures 11-(fg_and 11 (b) illustrate a second
nodi fi cation of the acive matrix panel; : Figure 12 illustrate a third
nodi fication of the active matrix panel Figures. 13 (é%'and 13 (b)

illustrate a f&YPEhTRBJRABCaN Ontypet FETasn FaemSaMe SYRRALAte 1S Fjgure

14 illustrates-gmpifthc@Bdahlic 2bhaBraf -kRecoelraua MEiHduitPdxensive.
| {2) It is difficult to form a P type TFT and an N type.

-~ L

TFT having balanced characteristics,; which is essential
Zfor Zcorming a complementary TFT integrated circuit.
(3) A P type TFT and an N type TFT do not have enough
driving ability for realising a drive circuit.
Such disadvantages are solved in the present
instance by employing a method of manufacture, and a
structure having dimensions and utilising materials as
-desc:ibéd below.
Figure 3 (a) is a section through a pair of
complementary TFTs for forming either the source line
' drive circuit 12 or the gate line drive circuit 21 shown

in “igure 1, and Figure 3 (b) is a section tnrough the

l’GULQ c*y=tal cell.

igure 3 (a), a P type TFT 99 and an N type
TET 100 are formed on an insulating substrate 71 made of
glass, guartz crystal or the like. Silicon thin £ilm
regicns 73, 76 are cnannel'rggions of the TFTs 99, 100
and silicen thin.film regions 72, 74, 75, 77 are'source
and drain regions. The silicon thin film regions 72
and. 74 are impurity doped to be P type, and the silicon
thin Ziim regions 75 and 77 are impurity doped to be N
type. 2Zate insulating film regions 78 and 79 are made
of "silicon oxide (for example Sioz), silicon nitride or
the like, and gate electrcdes 80 and 81 are made of
poly-crystaliine silicon, metal, metal silicide or the
like. The TFTs furtaer comprise an insulating film
layer 82 made of silicon oxide (for example 5102),
silicen nitride or the like, a line layer 83 made of
metal cr the like, an insulating film layer 84 made of
silicon cxide (for example Sio;}, silicon nitride or



-5- Figures 15 (a) and 15 'b) illustrate a sixth nDdification of the

active matrix panel; Figures 16 (a) and 15 (b) illustrate a seventh
nodi fication of the active matrix panel; Figure 17 is a di agram
illustrating a first application of the active matrix panel; Fi gure
18 i's. a diagramillustrating a second application of the active matrix
panel ; and Figure 19 is a circuit Tagram of an active matrix panel
accordlng to the prior art. Figure 1 shows an en% di ment of the

i nvention, whera®nizkeactfhe ﬁaFFF§lH§ﬁePnli-canPV§€s ‘source |line drive
circuit 12, a gate thnpigar®esc{egyit <R3, -alﬂdrénneChufneralleﬂGnI matrix 22,

all being of comp nenL ry netal _oxide.sem -cQ g 05,SLLUGH rein-
after referred"toiggt mefsi??ﬁcrﬂfg hatid SPPS] r%g%n h|n f l%&g&% f.6r med

on the sanme tranéphrend sitstrateledentseiecerbdre9dr consascdngt of2
ol udes 2 Shidsayggl et d nﬁﬁu%smkeﬁnﬂa@g' 8eCEEBUY L nAQERN k3 thi N

filmtransistors er ei na referre
oxide) or the like, and a picture element T“T 101 being
formed thereon.  The reference numerals 87, 88 and 89

indicate silicon thin £ilm regions which are formed from .
the same layers as the regions 72, 73, 74 and 75, 76,
77. the silicon thin f£ilm region 88 forming a channel
region and the.51llcon thin f£ilm regions 87 and 89
- forming source and araln regions, respectively, of the
TFT 101. The regions 87 and 89 are impurity doped to
be P type or N type, the impurities in such regions
being the same as those included in the regions 72 and
74 or the regions 75 and 77. The reference numeral 90
indicates a gate insulating £ilm region, which is formed
from the same layer as the gate insulating film regions
78 and 79, and the reference numeral 9i indicates a
gate electrode, which is formed from the same layer as
the garte elec;rqdes 80 and 81. The reference numeral
92 indicates an insulating £ilm region which is formed
from the same layer as the insulating film region 82,
the reference numeral 93 indicates a line layer, which
is formed from the same layer as cthe line layer 83, and
the reference numeral £5 indicates an insulating f£ilm
layer, which is fcrmed from the same layer as the
insulating film layer 84. A layer 96 of liquid crystal
1s provided between the insulating film layer 95 and a
counter electrode 97, «which includes a transparent
conduct:ve £ilm layer and which is provided on a
transparent substrate 98.
accordingly, the source/drain region, the

channel reqgicn, the gate insulating film region and the



TFTs) and video signal buses 14, 15 and 16. The gate line drive circuit
21 includes a shift register 20, and it nmay also include a buffer 23 if
occasi on denands. The picture elenent matrix 22 includes a plurality of
source lines 26, 27, and 28 connected to the source line drive circuit 12,
a plurality of gate lines 24 and 25 cogfggted to the gate line drive
circuit 21, and a plurality of picture éelenents 32 and 33 forned at inter-.

sections of the source and gate |ines. Each picture el enent_ 32, 33
i ncl udes a TFTI26e gA@cizpdeuicd ergdt af c&el T30S WF @mdc A% ifkIRInDi cture
el ement el ectrede, caRdeoRRRELEE 8kBCLEEUSdRE 8 thel A4dle Whild @il Crystal
mat eri al betmeeg Ehe elechgodes; < L_kg Q%SibggeoEoEﬂgi“¥ééﬂfé““ts’-SUCh
as a counter or2¥®§&- E§d&renhgPragsponding zag P -6- -
element TFT 101. Further, =he TFTs in the source line:
drive circuit and the gate iine drive circuit are
connected through the iine layer 83, which is designed
to have a low sheet resistance (being fprmed, for
example, from a metal such as aluminium), and the line
layer 93 consisting of the same layer as the line layer
83 provides a source line in the picture element matrix.
A picture element electrode 94 is made of a transparent
conductive film layer such as ITO. In the case that
the line layer 93 is made of aluminium or alumi-silicide
and the transparent conductive £ilm layer is made of ITO
and no :nsulating film layer is arranged therebetween,
through holes 102 and 103 opened simultaneously can be
used Ior connecting the iine layer 93 and the electrode
94 and the silicon thin £ilm regions 87, 89 whereby the
manufaccturing process can be simplified. In this case,
che aluminium and the ITO are processed in respective
etching solutions and the ITO is formed for pétternipg
in the stage prior to the aluminium, taking advantage
of the Zact thact the ITO is not soaked in the etching
solutica for aluminium.
= Figure 3 (b),. the insulating f£ilm layer 95
orovides a capacitor for preventing application of a DC
voltage to the liquid crystal layer 96 and the
; capac:tance value thereof should be large enough in
compar.son with that of the picture element for this
ourpose. Thus, tne thickness of the layer 95 should
be a predetermined value (for example, approximately
3000 Angstrom) or less. On the other hand; the TFTs
99, 100 of the drive circuit shown in Figure 3 (a) need
to be ccvered by the passivation Zilm layer 85, which



the function of selecting the source lines and the gate lines in order,
to be substituted for the shift registers 13 and 20. A clock signal CLX,
a start signal DX and video signals V1, V2 and V3 are supplied in use to
input termnals 34, 35 and 36 respectively of the source line drive
circuit 12. A clock signal CLY and a start signal DY are supplied to
input termnals 37 and 38 respectivelyjof the gate line drive circuit 21.
The shift registers 13 and 20 shown in Figure 1 can be static or dynanic

ci'rcuits conposed - nentary TFTs nsi Rg-af, P and N type
2808k GdR. ¢ nefdnsistln

TFTs, or they Can e “8V estafreCE&Fedi & conp Y nDno-

conductlve TFT3etegrypadt talper { Gonaasampiiea TEPD§§Xéméé@%&é— a static type

of circuit conpegedn9f =68MRhEnrPRYt Gb¥-dESSskagl.he Bl FeiFmifeg theSi Nce. a
TFT for an active mat ri x panel s generally fofmed on an insulatin

substrate wit hPp8F}VRF¥eRafiiRel8VERNBPR phons -5 FOSH, eﬁ*?ﬁ&#W@rteN%EEF¥ent
and a |l arger CgFfeuarapl averptBduged:ivBanatgikheubageavet And thiedl taxi de

| - duct field e t,t t f.t .
VOSFET) | The rSREGHE  ERe; FLa] SREREE LR RPARCRARG) PF ERPSAEAYG 0 a

5|II|con t hin éituuxssveryﬁémgé,ln:benpasssuatmnnh Lhmtlayer 85 is
made from a material such as poiyimide or the like

Y _ processed with an etching solution, in which the

' insulacing film layer 84 is not soaked.’

The method of manufacture for such a structure and
the characteristics of theﬂcomplementary TFTs obtained
therefrocm are descriked kelow. In a method of
manufacturing a CMOS integrated circuit utilising
cenventional moné-crystalline silicon, at least four
choto rrocesses are needed (a srocess for forming a low
f concentration P well, & process for forming a P type

stoppér layer, a rrccess for forming the source/drain
regicns of each P type MOSFET. and a process for
forming tie source/drain regicns of each N type MOSFET)
in ccamparison with a method ¢f manufacturing an N type
MOSFET integrated circuit. Contrary to'this, a
complementary TFT integrated circuit according to the
invent:=on can be realised by adding no more than one
photo process as compared with a method of manufacture
mono-ccnductive TFT integrated circuit.

v

for
Figures 4 l(a) =o 4 (d) illustrate an example of
the main stages in & mecthcd of manufacturlng the active
matrix canel according tc :the present invention. First,
as shown in Figure 4 (a), a desired pattern is formed
aftter accumulating a layer of silicon thin film over a
transcarent insulating supstrate 110 and thereby forming
a channel region L1l of a P type TFT and channel regions
112 ané 1i3 of N type TFTs. dNext, gate insulating film



In a nono-crystailine silicon whereby the carrier nobility is |ow and
re-conbi nation of .carriers at a P-N junction which is.reverse biased occurs
frequently. In view of these characteristics of the TFT as a device, a
static shift register conposed of conplenentary TFTs is preferred generally
and such a shift register is also prereryed for the follow ng reasons: (1)
As a TFT has a large OFF current, the dbtféting vol t age range, operating
frequency range, and operating tenperature range of a d%nanic-cLﬁcuit

consi sting of TBELGRS \e¥d, skl |and 2316 kR | vRBed chY t MARBAsCT o “HEERRY ovos

structure oxidation or chemical vapour /deposition, and then gate
E 2lectrcdes 117, 118 and 119 are formed.
'~ Next, as shown in Figure 4 (b), acceptor o
_ _ impurities 120, - for example coron, are implanted al}d_f
= ' over the surface utilising ion_implantation techniques.
Implanted acceptor impurities in regions 121, 122 are .
activated by subsequent heat treatment to form a P ‘YP?,..
semi-conductor. Acceptor impurities are also addedi;a_f.
regions 123, 124, 125 and 126, which are to be the
s source/drain regions of N type TFTs. _
A ' After this, as shown in Figure 4 (c), the P type
TFTs covered. by a mask material such as photo resist
. 128, and donor'zmpurlties 127, such as phosphorus or .

- arsenic, are implanted elsewhere with a higher
concentration than that of the acceptor impurities 120.
implanted donor impurities in the regions 123 to 126 are
activated by subsequent heat treatment. If the implant
dosage cf the acceptcr ions is 1 X 10°° cm ? and the
implant cosage of the donor ions is 3 x 10°° em™?,
then the regions 123 to 126 contain the equivaient of an.
:mplant dosage of the donor ions having a concentration
of 2z 20 "> em ®  In this way, source/drain regions
123 to 126 of the N type TFTs are formed.

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

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

- for forming a picture element TFT of the matrix panel
are chus produced. It is a matter of course that a P



mnth a | ow consunption of current for making the best use of the advantage
of the active matrix liquid crystal panel, which is its | ow current
consunption. (3) The ON current value can be smaller than that in a

nong- conductive MOS dynamic shift register. Figure 2 (a) shows a
suitable circuit structure for each of e shift registers 13 and 20 in
Figure 1. Inverters 41 and 42 in Figure (a) consist of a P type TFT 47 .
and an N type TFT 48 as shown in Figure 2 (b). Further, clocked inverters
43 and 46 in Fi gype 25 orcane fmhtrekxPoayed Hars aéIleo 1S armbdfced YIthérFTS

51, 52, respecti@l Ly, aS ShQun in. Flggag 2 E)eype A ’ﬁ#yEﬂce
Nt ¢l ¢

i nput to the gate of the 553?FT afd “an YRohvert é K sI
[err] is input P@Dpﬁétgaﬁeaaf.rhespurbyderﬁﬂn segildnceniaiid N tyme ”TS

inverters 44 anda¢%nghzoEhIdtRepcb?) :GRAT:TE e%f and %%OFT&pﬁlﬁ‘ésandx N
typer TFTs 55, 56, réspectively, as shown in Figure d). " The inverted
cl ock si gnal [ eFRRifs SPHEGE/530Re TaELENST Dlfte Wilih H?@ e BAYiN% &l ock

signal CL is inpighbe L-Baceae&an%nt BRaR tweesbrhey3.  An al ternatlve
possibility 1is for a_cirgcuit, nmade up cf an _anal og switch caﬁsd% of an
inverter 57, an N typélTERe53PgKg QrPCF§ﬁe°TF?a actiireqyho Mrgure 2

(e), to be substmpurﬁd ter 1gheare substituted .-for acceptor impurities
120 in ?igure 4 (b) and acceptor impurities 120 are
substituted for the donor impurities 127 in Figure 4
(c), an N type TFT 132 and P type TFTs 133, 134 as
shown in Figure 4 (d) are pntained instead. The TFTs
thus obtained include an N type TFT having donor
impurities in its source/drain region and P type TFTs
hév1ng both decnor impurities and acceptor impurities in
their source/drain regions but the latter having a
higher concentraticn that the former.

A complementary TFT integrated circuit can thus be
formed :y adding the single photo process required to
form the mask pattern 128 in Figure 4 (c), as compared
with the method of manufacture -or a mono-conductive TFT
integratzed c;rcu*t As a *esul an aCtlve matrix
nsanel with a tuilt-in drive circuit can be realised.
From an econcmical roint of view, the above method of
manufacture is an improvement, and it is not
inconvenient to Zform a mask pattern independently for
the icn implantation cf acceptor impurities and donor
impuricies. FurtXer, -n the comnleméntary TFT
integrated circuit manufactured by the above method,
each TFT is separated in the form of an island on the
insulating substrate 110 so that a specific process for
element separation is not required. Furthér, being
different f£rom an lntegratéd circuit made of mono-
crystailine silicon, qo parasitic MOSFET is produced so



cl ocked inverters 43 and 46, and for a circuit nade up of an anal og switch

conS|st|ng 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 the cl ocked inverters 44 and
45, As descri bed above, it is very beneficial to construct a drive

circuit for an active matrix panel from JFTs having a CMOS structure.

However, the mere application of a conplenentary TFT integrated circuit in .

the prior art has di sadvantages as descri bed bel ow. nethd of
producti on for “FAtedr &FPRGedoERORPRL Soes not have do-be A - 8-
type TFT and an N tymextFET anmbl@ssae Jehdgiisdng iass P type TFT and an N

type TFT having talanced characteristics as required for,
a ccmplementary ;nteg'ated'circuit will be described.

- 7FTs making use cf the groups IiI to VI semi-conductor
compouhds have been xnown in the art for a long time.

- However, a complementary TFT making use of a compound
semi-conductor has not teen realised for the following
two reasons:- _ _

(1) It is actually impossible to control and realise

‘both F type and N type semi-conductors in the semi-
conductor compound. '

(2) It is very difficult to control the interface
between the semi-conductor compound and the insulating
Zilm for a MOS construction. '
Accordingly, source/drain regions and a channel
region are made of silicen thin films. The carrier
mobilities of amorphous silicon thin film and of poly-
crystaliine silicen thin £ilm are shown in Table 1. As
shown by the Table, the poly-crystalline thin film is
the tetter for réalising a complementary TFT integrated
circuit because cﬁaraCter;scics of P'type and of N type
semi-conductors can easily be made well balanced and the
current supply cavacity of the TFT can be made larger.

TABLE 1

carrier mobility (cm’ /V .sec)
N type P type

- 10

- 50

- - - = 3
amorpnous silicon .. - 1 - 10

poly-crystalline silicon 5 - 50 5

Next will be described a means for increasing the
current supply capacity of a TFT, ‘especially P type and



conplicated and renders the overall circuit expensive. (2) It is

difficult to forma P type TFT and an N type. TFT havi ng bal anced
characteristics, which is essential for formng a conplenentary TFT
integrated circuit. (3) A P type TFT and an N type TFT do not have enough
driving ability for realising a drive cijgcuit. Such di sadvant ages are
solved in the present instance by enploying-a nethod of manufacture, and a .
structure having dinensions and utilising materials as described bel ow.
Figure 3 (a) |sVatypetEBmstEbwugbrmlpala diivenpliecmittams ERTEDEOr form ng

ei ther the sourg?egé déb&ﬁthéCUIt Y QEQEhehgatgﬁbbge dHéVQfad’ cuit 21

shown in Figure’ (b) 'S a“section through the respectlve
pi cture eIenent*SESéFYthuﬁégg ighacRFTnapdaeSLa siitdGra &hjigy £iilmembich

In"Figure 3 (a)is Aok h¥RS- ZE;SQQLQEHeaglN-E%BGSEFEH&QOuﬁéeoﬁotﬁ&&eﬁ% an
I nsuliating substrate 7 ass, quartz crgsta

i con
thin . filmregion$ §§31%6359e°€ﬁaaﬁelcregFBﬁs-ﬁf FgeTﬁ?s gnafegognglth
silicon thin fiamorg-epgst2llide 49liddnaMOSFETN. Ce JadudeaidSnisegi graph

The st Licon N o bld By §9ERNEdEe S {2 246 LEPH' hbliod2RGdch?10he" TYPe:
silicon MOSFET and a characteristic 141 of a TFT made of

silicon thin film in the case in which the gate length,
gate width and source/drain voltage VDS are the same.

b The abscissa represents the voltage VGS based on the
source as the reference, and the ordinate'rep:esents
the current IDS between the source and the drain. As
shown by the graph, since the ON/OFF ratio of the TFT
is small, the TFT 29 for the picture element matrix and
the TFTs forming the drive circuit 12 and 21 in Figure 1
respectively should te fcrmed with the optimum

dimensions. For instance, when an image is to be
displayed making use of an NTSC video signal, the TFT
29 for the picture element matrix should satisfy the
-0110w1ng equations within the entire temperature range
wherein the active matrix panei is used.

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

where C_ represents the total capacity of a picture
element: and R CN1 and R OFF1 represent ON resistance
and OFF resistance of the TFT, respectively. Equation
(1) is a condition to be satisfied by all of the picture
2lements in the matrix panel during a holding operation
{holding condition). and 90% and more of the electric
charge which is written into any picture element can be



thin filmregions 75 and 77 are inpurity doped to be N type. Gate
insulating filmregions 78 and 79 are made of silicon oxide (for exanple
Si0), silicon nitride or the like, and gate electrodes 80 and 81 are nade

of poly-crystalline silicon, netal, netal silicide or the like. The
TFTs further conprise an insulating fiLT%Layer 82 made of silicon oxide
(for exanple Sigerr]), silicon nitride~or the like, a line |ayer 83 nade
of nmetal or the like, an insulating filmlayer 84 nade of silicon oxide
(for exanple Sig@eld swercdornohei déedti 1= ;: is satisfied. Equation
-9-  the like, ,and. ? §a§l§i¥.§£bogogh'1@;t 25 8 sarisfild By9Wi9 3£ ke
the reference nuner i
Sicture elements in the matrix panel during a writing
operation (writing cendition), and 99% and more of a
7ideo signal can be writfen into a picture element if it
is satisfied.
o On the other hand, a TFT for forming a drive
circuit should satisfy the following equation within the
entire temperature range wherein the active matrix panel

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

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

-gate length of the TFT for the drive circuit can be
formed as short as cossible within the limits of the
breakdown voltage permitted. Further, TFTs for the sample and
nold circuit 17, 18 and 19 shown in Figure 1 permit a
lower breakdown voltage than the TFTs for the shift register

13 so that the gate lengths of the former can be shorter
than those of the latter. Figure 6 illustrates the |
definition of gate length L and Table 2 shows an example



i ndi cates the same insulating substrate 71 as in Figure 3 (a), a picture
el erent el ectrode 94 consisting of transparent conductive film nmade of |ITO
(indiumtin oxide) or the like, and a picture elenent TFT 101 bei ng
formed thereon. The reference nunerals 87, 88 and 89 indicate silicon
thin filmregions which are forned from,_the sane |ayers as the regions 72,
73, 74 and 75, 76, 77, the silicon tﬁﬂﬁ*filn1region 88 form ng a channel
region and the silicon thin filmregions 87 and 89 form ng source and

drai n regions, rfspEticaty,lenfrhiheécTadior The TEDS onsIB7FHgMr&96ar e

I mpurity doped t;0 R N4 : . 4 I 4yl £M.SU r 2.0

bei ng the sane tgs grtalr%s,eelié/ncgﬁfg{aed_'i*nyt ézréerg}'lelbfn‘s ) ‘é‘#caﬁ ﬂ‘%rf?%eﬁ?%ﬂ? ns
75 and 77. The %Pefe/SRdReumagiomrogafdiehaicat ey 3 ATy 144 m
region, which i andoanethed ng@dhe ggane | ayer as the gate insulating film
regions 78 and 79, and the reference nuneral 91 indicates a gate _

el ectrode, which is forned fromthe same layer as the gate el ectrodes 80
and 81. The reference nunmeral 92 indi gaBEE arg i nsulating filmregion:
which is forned fromthe sane |layer as The insulating filmregion 82, the
reference nuneral 93 indicates a |line layer, which is fornmed fromthe sane

| ayer as the |iné Tayer 83, and _ : i
: . - _ Gate length L (um)
| . P type TFT ¥ type TFT
é TET Sor picture element matrix P 20.0
i-TFT for shift register . : 4.0 : 5.5
_T=T for samole and hold circuit' : 4.5

It is also possible to raise the current supply
. capacicy of a P type TFT and an N type TFT by
constructing the TFT such that the thickness of the
silicon thin f£fiim forming the channel region is smaller
than the maximum width of the &epletion layer exténding
over the surface cf the silicon thin filﬁ. .
~ The maximum width )::“-x of the depletion layer of
4 P type TFT made oI silicon thin film and the maximum
w#idth X =~ of the depierion layer of an N type TFT are
represencted by the fcliowing equations, respectively.

= (2¢x237)7'% x (@xND) Y ... (4)

2MaA X

-i1/2
oA x (g x NA) ... (5)
where g represents & unit electric charge, gis a
dielectric constant cf silicon thin £ilm, @ FP
represents a ferm: Zfunction for a P type TFT, @ FN
represents a fermi funcrtion for an N type TFT, and ND



the reference nuneral 95 |nd|cates an insulating film layer, whichis
forrmed fromthe same |layer as the insulating filmlayer 84. A |layer 96 of

liquid crystal is provided between the insulating filmlayer 95 and a
counter electrode 97, which includes a transparent conductive filmlayer
and which is provided on a transparentjiybstrate 98. - Accordingly,

the source/drain region, the channel redgion, the gate insulating film
ate el.ectrode of

region and the
each of the TFT§“§9vﬁnaeEGBSFBFnﬁﬁglvﬂhénﬁr39805|PEGlF°528t8F69FH§&t&Fsthe
sane thin filmzZéayena eRahh€iceégesneNdragpeegioaiyof tFarghetyre
equivaient donor and accépcor densities are determined
by the density of the denor iImpurities existing in the
region, the density cf cthe acceptor impurities and the
trap density acting as donor and acceptor.. According to
the present invention, :the thickness of the silicon
thin £ilm of the channel region in a P type TFT and an- N
type TFT is formed to be smaller than either X uax OF
. MAx Figure 7 is a cross sectional view of a TFT
! where a depletion layer is formed. An insulating
substrate 146 carries a silicon thin film region 147
forming a channel region, and silicon thin film regions
148, 149 forming source/drain regions; A gate
insulating film layer 150 is formed on the regions 147,
148 and 149, and a gate electrode 151 is provided on
the layer 150. The thickness of the silicon thin film
is indicated by tsi, and the width of the depletion
iicon thin film surface is

layer formed on the si
indicated by X. ]
The basic criteria for providing the preferred
drive circuit for an active matrix panel are thus
established as follows:- -
{1) Bach drive circuit is given a static form composed
of complementary TFTs.
(2) A method of manufacture and a structure for a
complemenﬁary TFT integrated circuit are provided.
(3) The characteristics of the P type and of the N
Type semi-conductors are made to be well balanced.
(4) The TFT design is improved so as to enhance the
capacity for driving the load.
Various further improvements will now be described.
A first modification in the form of a layout for
an active matrix panel is shown in Figure 8, which is a



el ement TFT 101. Further, the TFTs in the source line drive circuit and
the gate line drive circuit are connected through the line |Iayer 83, which
is designed to have a | ow sheet resistance (being formed, for exanple,
froma netal such as alumniun), and the line [|ayer 93 consisting of the
sane |layer as the line |ayer 83 providgfgg source line in the picture

el ement matrix. A picture elenent electrode- 94 is nmade of a transparent
conductive filmlayer such as I TO In the case that the line layer 93 is -
made of al umi ni BA&R wiewiofiin cicezvanmathbxt panepai6ft SBEHERE £ il m

layer is made ofidyddc a0 dieh Noxl Ald NG Lok 8YSEksS arAaBeR€ce line
t her ebetween, throough holes 102 and 103 opened. sipul taneously can be wused
for connecting t3EVYE RETAF OBL arnA/RE o} 881 r 68 CTBEA ATt FB®si | i con thin
filmregions 87 peiipiarelys tithe ABEHNACGhAY DY PaReEss6Caatbeheai gppi fied.
In this case, the aumniumand the )TO are processed.in Lespective
et ching solutio ?r%?r#c?“t FPTRR Y £ OTTrE‘OS-?‘O?t?)‘gtteWn%gd ?n $hg g‘%aée prior
to the al um ni umorntadki:mpgelyadmie sHiitherdgistehalédhe aTffenol64paked
in the etching SQ}:L"&é O%jf alalc#l{{g r.'liégna d.a s%xg?fé%fd?’ci{’éuiéhfﬁs are
I nsul ati ng filml ayercb 6$%VI es a capacitor preventing application of
a DC arranged one inside the other relative to the periphery

within the source iine drive circuit 161. A gate line

‘drive circuit 167 (and/or 170) is fqrméd at the left

(and/or the right) hand periphery 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 piéiﬂré element matrix 171

is formed at the centre of the active matrix panel 160

for connection to the source line drive circuit 161

(162) and the cate iine dérive circuit 167 (170), and

input terminals 172, 173, 174 and 175 are arranged at

the corners of the panel. Signals are transmitted

within the panel in use in the directions indicated by

arrows 176 to 180. Limited space can be put to the

most effective prabtical use by the'layouf as described

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



voltage to the liquid crystal layer 96 and the capacitance val ue thereof
shoul d be | arge enough in conparison with that of the picture elenent for

t hi s purpose. Thus, the thickness of the |ayer 95 should be a
predet erm ned val ue (for.exanple, approximtely 3000 Angstron) or | ess.

On the other hand, the TFTs 99, 100 of the drive circuit shown in Figure 3
(a) need to be covered by the passivalf?ﬁ?TiJIn | ayer 85, which )
is designed to have a thickness larger than a pre- determ ned value (for
exanpl e, approxiaig ehown urmyndest nsaraken weings oof i hgoositrbye f poweng -

the source line 184 and a negative power source line 185 are.
connected to regions 186 to 191 of silicon thin film oo
forming the source/drain and channel regions of a P typejﬁf;
TFT and to regions 192 te 195 of silicon thin film '
forming the source/drain and channel'regions of an N
type TFT. The elements of each TFT can be separated by .. -
etching the silicon thin film to form isolated areas |

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

fore, for instance, a distance a between the region
192 of silicon thin £ilm of the N type TFT and the

region 187 of silicon thin film of the P type TFT and a -
distance b between the two regions 187 and 188 of |
silicon thin film of the P type TFT can be made substan-
tially equal to each other. According to the invention, -
.the numper of eiements in the direction in which a unit
cell Is repeated can be increased by arranging an
isolated area of silicon thin film of the P type TFT and ,'.
an isolated area of silicon thin f£ilm of the N type TFT
alternately, dtilising the above characteristics
positively. .

" In order to increase the number of elements
further, the following means may also be employed.
.Figures 10 (a) and 10 (b) illustrate an inverter
composed of complementary TFTs and formed between a
Dos1tive power source iine 199 and a negative power
source iine 200. In Figures 10 (a) and 10 (b),
through holes 201 and 202 are provided for forming
contact between a source region and a gate electrode
203. at first, a P type region 204 and an N type
region 205 are provided in an isolated area of silicon
thin Zilm with a boundary 208. Next, a contact with
the drain reqgion is formed by a through hole 206 and an
output line 207 for the inverter is added.



passivation filmlayer 85, it is nost effective to forma filmall over
the "active matrix substrate and then to renove the filmexcept in the
region of the drive circuits,. Hence, the passivation filmlayer 85 is
made froma material such as polyimde or the |ike processed with an
etching solution, in which the insulatigg filmlayer 84 is not soaked.
The net hod of nanufacture for such a structure and the characteristics of
t he conpl enentary TFTs obtai ned therefrom are descri bed bel ow. In a

met hod of nanufacturiAgsac6NESmbduégcatedncbﬁcMhﬁtﬂnwamﬁqqy(ﬁﬂmRQQHSDna

mono- crystalli ngns! keaBeiBh beashobRUELBUA! AP AP SRR A iiRCIRL VR
process for for g | ow concentration P wel process fqr. formng a P
type stopper | af&F u&tprocé§ssﬂéwnféﬂn?hguFﬁelsouF@GI&P&Q?%' 8rdveach

P type MOSFET. efgcaipr 0gess bebviaed #gchhoigew etgtadl buses aas tof 16ach N

type MOSFET) in_ccnpatison,wi.th a t hod or nmanufacturi e MOSFET
|%Pegrated élrcﬁ??nBCDnFFaﬂﬁoPBeFﬁ?g ‘Va“bSonéW& ; 94$gf°FnF 6¥%t

circuit accordimpttinghati bgasti anpaap be Eaahtiedlbyladémmgdnclmnke t han
o ot 2 ocihgfa) £ TETAE] 25! o EELOSHO Lo L8 Yo bblr®sa,

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

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



Figures 4 (a) to 4 (d) illustrate an exanple of the main stages in a
nmet hod of manufacturing the active matrix panel according to the present
invention. First, as shown in Figure 4 (a), a desired pattern is forned
after-accunul ating a layer of silicon thin filmover a transparent

i nsul ating substrate 110 and thereby forn,ng a channel region 1Il -of a P

type TFT and channel regions 112 and 113 of N type TFTs. Next, gate o
insulating film ' -12- regions 114, 115 and -- .

116 are fornmed b§iFRaRE bhet Aleall sbgnakt ChncorrerBAndal tPasber tdadddng on

and then gate eledfeodestAd7c1ddR 20gndi9CET e hAEMDEce versaleXtonsas shown

'n Figure 4 (D), @GPl O clock noise added to the video signal can be
reduced sharply to realise a clear display in the
picture. Further, the CL and.EE lines may be twisted
(cross over) a plural number of times.

A third modification of the invention seeks to
make the resistance of the connections to the sample
hold circuit uniform. Figure 12 illustrates the parts
of a source line drive circuit such as the one shown in
Figure 1, including a shift register 230, video signal
buses 231 to 233, a sample hold circuit comprising TFTs
234 to 236, and a picture element matrix 240. Picture

‘element signals corresponding, for example, to the
primary colours red (R), gfeen (G) and blue (B), are
transmitted to the three video signal buses 231 to 233
and then the combination is changed by a single
horizontal scan. Since these three video signal buses
require a low resistance. a metal such as aluminium is
preferably used for eaca line. On the other hand, when
the structure of Figures 3 (a) or 3 (b) which is
considered to ke the most effective from an economical
point of view is adopted, the same material as that

N

emplcyed for the gate electrodes 80 and 81, such as
poly-crystalline thin film, is used for lines 237 to
239 £rom the video signal buses to the sample hold
circuzirt. In this case, the sheet resistance of poly-
crystalline silicon thin £ilm is much higher than the
resisctance of the video signal buses, and the lengths
of the lines 237, 238 and 239 cannot be equal to each
other i1f these lines are straight, whereby the
resistance of the lines 237 to 239 also will not be
equal to each other. Aas a result, the picture
displayed may be uneven and include lines. However, in



I mpurities 120, for exanple boron, are inplanted all over the surface
utilising ion inplantation techniques. Inplanted acceptor inpurities in
regions 121, 122 are activated by subsequent heat treatnent to forma P

t ype: sem - conduct or. Acceptor inpurities are also added to regions 123,
124, 125 and 126, which are to be the §E§Lce/drain regions of N type TFTs.
After this, as shown in Figure 4 (c), the P type TFTs covered by a nask

material such as photo resist 128, and donor.inpurilLie 27...:S

phosphorus or a’r%%rﬁ?’&?s%ﬁ“'e TRPRRRE R e %%%\hér‘ég% %lﬁr]a 2?éhépchr§1geﬁ?%t i on
t han that of trﬁbtmnﬁxﬁuwhitmawiti&@iﬁZﬁesispanQEedadennadEnpquaii?9 in the
regions 123 to tivate S eque n

i npl ant dosage %ﬁzérf ﬂée&%l%'ept o‘rogoén)’ga'qlépei' X 1%% e?%?écﬁgﬁéfﬁaﬁgyt ﬁg Fﬁgleant
dosage of the dmstinmand the Lijerkénguinckrof eaeh lEhaerddioke 238 to

126 contain th | i opl dosage OgatRNS$j ing a
! Tdflpe 3 %‘ﬁa reﬁué‘{‘ | P a&fe os@ge) ehgther deposatRNE1havi ng

concentratton L) chejy]; n_this way; source/drgLn Legions
123 to 126 of Ay Miffsr AN e kiepiidth W may agychefPechivVetdwn in

Figure 4 (d), aedwsdd alndQ fdddnisyaso 12901 s accunul ated after renoving

sk material 128." L gugh holsh ALE, OPSIYe chePLibehEion 1s dizected

th mo
towards increasing the slow speed of a drive circuit
composed of TfTs. As shown in Figure.5, since the

performance of a TFT is inferior to the performance of
mono-crystalline silicon MOSFET, the speed of a shift
register made from TFTs is hot fast enough to drive an
active matrix panei. in order to make up for this slow
speed, the circuit structure as shown in Figure 13 (a)
and operation as shown in Figure 13 (b) may be utilised.
Ina Figure 13 (a), a start signal DX and clock '
signals CL x 1 and CL x 1 are applied to a first shift
.fegister 250 included in a source line drive circuit for
generating sampling pulses 252, 254 and so on. Further,
a start signal DX and.clock signals CL x 2 and EE—E-E_'
are applied to a seccnd shift register 251 included in
the source line drive circuit for generating sampling
pulses 253, 255 and so on. A video signal bus 265 is
connected by way of TFTs 256 to 259 of a sample hold
circuit and source lines 261 to 264 to a picture element
matrix 260. The signals V, DX, CL x 1, CL x 1, CL x 2,
CL x 2, and the pulses 252 to 255 output from the shift
registefs 250 and 251 are shown in Figure 13 (b).
The source line drive circuit shown in Figure 13

(a) is provided with the two shift registers 250 and
251, wnich are driven by clock signals CL x 1 (EE_E_ET
and CL x 2 {(CL X 2) which are approximately 90° out of
phase. When the source iine drive circuit is provided



el enment el ectrode 131 nmade of transparent conductive filmis formed and a
liné 130 made of netal or the like is forned. As described, a P type
TFT 132 and an N type TFT 133 for formng the drive circuit and an N type
TFT 134 for formng a picture element TFT of the matrix panel are thus

produced. It is a matter of course that AP
- 13- type TFT for the matrix panel cé% al so be produced. The TFTs thus

obtained include a P type TFT having acceptor inpurities in_its
source/drai n regiehn, 2 awmbertYpef TSNS haeghgtessh aeeept Shiffpargisterand

donor i npuriti eshéwld (A& dr Seah O U4 a-8shE8EL 298 BUbcH shghht bad! ehehavi ng

a inverted clock signal wherein the phases lag by approxi-.
mately 180°/N. If the frequency of CL x 1 and CL x 2
is taken as £, the sampling pulses 252 to 255 are
generated sequentially at intervals of 1/4f hours. The
video signal V is sampled at the trailing edges 266 to
269 of the sampling pulses and is held at the source
lines 261 to 264. As a result, sampling with a
frequency 4f is realised by means of shift registers
which are driven by-a'clock signal of fiequency £, which
results in an effective compensation for the slow speed
of a shift register made up of TFTs. When the above
described source line drive circuit is provided with a
number N of shift registers, sampiing with a frequency
2Nf can be realised by means of shift registers which
are driven by a clock signal of frequency £.
_ A fifth modification of the invention provides
means for testing each output from the source line and
gate line drive. circuit. Figure 14 illustrates this
modification, which includes a shift register 280 as
part of the source line drive circuit, a Vvideo .signal _
bus terminal 281, a sample and hold circuit comprising a
TFT 282, a source line drive test circuit 283, a
control terminal for the test circuit 283, a test
signal output terminal 285 and a source line 286. A
respective test circuit 283 is added to each source line
286. Likewise, a shift register 287 forming part of a
gate line drive circuit is connected to a gate line test
circuit 288 having a test signal input terminal 289 and

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

added to each gate line 291.



hi gher concentration than the forner. In the above process of

manuf acture, if donor inpurities 127 are substituted for acceptor '
impurities 120 in Figure 4 (b) and acceptor inpurities 120 are substituted
for_the donor inpurities 127 in Figure 4 (c), an Ntype TFT 132 and P type
TETs 133, 134 as shown in Fi gure 4 (d)-smg-e obtained instead. The TFTs

t hus obtained include an N type TFT having donor inpurities inits
source/drain region and P type TFTs having both donor inpurities and
acceptor inmpurities iihe fest sipae/or dgerakf G5 ALeRe: | atthe BeStng a
hi gher concent ratd 4 hads t Ige..fuqu.rnrgar CN by w R merd aiind ET284t g at ed

circuit can thus be forned addi ng 't he SI %s% phot %’g‘goce# reguired to
formthe mask pPESTEIT P?@raﬁ-lqnglﬂre £ Spourcy ohih i THTRES het HBd of
manuf act ure forhasnmmmmﬁnﬁduntlwmeTEﬁJﬁﬁexy¢ﬂsnhnn2&nuis seannedsafteran
active matrix panel wth a built-in drive ciJcyj < r | From an
econoni cal. poi Mt pg}eo\etg\ﬁmlpﬁg &68Fe S r?\;slnl‘?g‘d -5t Sr#eér?u]fclgéch ure tlggé aénfgeo
i mpr ovenent, alsd.gmll busoterminaledisdnt t dt dthihs time, paif & rsignal
!”dep.e”.de”“y %thhee% STRLARLA! i re?rfe‘iﬁ:%(lr 'éwéilfso@iﬁhé%@r
I mpurities. e conplemen
: the test output termznal 285, the result is considered
as "Good" and, if not, it is considered as "Poor".
For testing the gate line drive circuit, the shift
register 287 is likewise scanned when a predetermzned
test signal is lngut. At this time, if a signal which
) . meets standard requirements is serially output at the
test cutput terminal 290, the gate line drive circuit -
is considered as "Good" and, if not, it is considered
as "Poor'. In this way, electrical testing of an
active matrix panel, can be done automatically, whereas

in the prior art testing has been by visual observation

cf a displayed test pattern.
' A sixth modification of the invention involves
providing a storage capacitor in a picture element
without an additional prccess during manufacture.
Figure 15 (a) illustrates the circuit of such a picture
elemenc, and Figure 15 (b) is a cross section through
the picture element. As shown in Figure 15 (a), the
.picture element comprises a TFT 302, which operates as
a switch and which is ccnnected to a source line 300 and
a gate line 301, a liguid crystal cell 303, a counter
electrode terminal 304, a metal oxide semi-conductor
capacitor 305 (hereinafter referred to as a MOS
capacitor) having a gate electrode 306. Turning to
Figure 15 (b), transparent insulating substrates 310
and 324 have sandwiched therebetween silicon thin film
regions 311 to 315, gate insulating film regions 316



integrated circuit manufactured by the above nethod, each TFT is separated
in the formof an island on the insulating substrate 110 so that a specific

process for elenment separation is not required. Further, being different
froman intearated circuit nmade of nono- crystailine silicon, no parasitic
MOSFET i s produced so -26- -14- that a
channel stopper does not have to be forned. Next, a means for

realising a P twnd EEV,andaae NleypeoteE 22\8 ragxd)a!mce(hmkﬁarsanltaerim;i cs as "

required for a gQRpl e any .l ntegnated ,circuit %55@5
sl QE I3)ét00 Vs §é‘ﬁ1€ CSX&%Et ozrl Alégﬁn S ave%%een %mown

maki ng use of tRAE™Qroups
in the art for ainenmg g|n§ansoarent conductive £f£ilim layer 322 which

forms a picture element electrode, a counter electrode
323 including a transparent conductive film layer, and
a layer of liquid crystal material 32S.

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

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



However, a conplenentary TFT meki ng use of a conpound sem -conducror has

not "been realised for the following two reasons:- (1) It is actually

i npossible to control and realise both P type and N type sem -conductors in
the _sem - conductor conpound. (2) It is very difficult to control the

I nterface between the sem -conductor conpound and the insulating filmfor a
MOS constructi on. Accordingly, sSédrce/drain regions and a channel

region are made of silicon thin filnms. The carrier nobilities of anorphous
silicon thin fit8réM8s0boB8iB1eCEySt abbbAgeSithikCaBelrRi:Rel ida®idy @£She@ i N
Table 1. As shown by the Table, +the poly-crystalline thin filmis the
better for real?SFh¥eaRbRpKeRRRRAry TFT integrated circuit because
characteristics of P Ayp&senflo@ifbcaypenser thaendiobationaconeerng kherade

wel | palanced apghpe,GUbEeRh SUPRLY SPACL!Xagl:  RevTRY GBuREeTRES
drive circuit. Figure 16 (a) is a cross section through
an arrahgement for the mounting, which features a
transparent substrate 330 wherein a picture element
matrix and a drive circuit composed of TFTs are formed,
a transparent substrate 331 wherein a counter electrode
is formed, a sealing member 334, a filling of liquid
crystal material 333, a mounting substrate 335 having
an aperture 340, a wire 338 made of a metal such as
gold or aluminium, and a protég;ive member 339. A
recess 336 in the mounting suﬂstrate 335 adjacent the
aperture 340 is effective for ensuring a strong
connection by the wire 338. A shading member 337 is
advantageously provided over all or a part of the
mounting substrate 335, and a further shading member
332 in the form of a strip surrounding a portion of the
picture element matrix is advantageously provided on the

_ transparent substrate 330 for improving -the external
appearance of the active matrix panel wheﬁ used as a
display device. Figure 16 (b) is a plan view of the
arrangement showing the picture element matrix 341
supported by the mounting substrate 335 over the
aperture, which is indicated by the dotted line 342.

Since the stress on the wire 338 "is uniform with

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

can be prevented and an improved external appearance is



carrier nmobility (cnferr]/V sec) N type

P type anorphous silicon 0.1 - 1 10[err] - 10[err]
poly-crystalline silicon 5 - 50 5 - 50 Next will be:
descri bed a nmeans for increasing the current supply capacity of a TFT,
especially P type and -15- N type TFTs for
formng a drive circuit as in the preséﬁ?’invention. As descri bed above, .

the trap density is high in a TFT nade of silicon thin filmwhich is not
mono-crystal | i rPEIDn so that the ON current

Two applications of the invention will now be
described.

A first application cof the invention is in an
electric view finder (hereinaiter referred to as an EVF)
of a video camera or the like. By integrating a drive
circuit made of complementary TFTs with the picture
element matrix as described above, a small, inexpensive
and rellable active matrix panel hav1ng a low power
consumptzon and a high resolution denSLty can be
obtained. As a result an EVF having the structure shown
in Figure 17 can be realised. This EVF 353 is connected
to an image sensing device 350, recording apparatus
352, and a video signal processing circuit 351 arranged
to supply a composite video signal on & line 362. ‘The
TVF 353 comprises a drive circuit 354, including a
chroma circuit, a synchronised timing signal formation
circuit, a liquid crystal panel driving signal
fcrmation-circuit, a power source and a back light
driving circuit. The EVF further comprises a light
source 356 for providing the back light, a reflector
355, a diffuser 357, polafisers 358 and 360, an
active matrix panel 359 according to the invention and a
lens 361.

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

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

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

(2) An extremely small, light weight, space saving

design of EVF can be realised.



Is small and the OFF current is large in conparison with a nono-crystalline -
si i con MOSFET. Figure 5 is a graph showi ng a characteristic 140 of a
nmono-crystalline silicon MOSFET and a characteristic 141 of a TFT nmadé of
silicon thin filmin the case in which the gate length, gate width and
source/drain voltage VDS are the same. _The absci ssa represents the voltage

VGS based on the source as the reference, and the ordinate represents the .
current | DS between the source and the drain. As shown by the graph, since

the OV OFF ratigyof the TELJS prakly sy&iFE2hdiar thve Ry Ciitiderg] emont

matri x and the TFTs Forn1ng!% € drovecircuit 12 and 21 in ure 1

respectivel y shod @vea Roreve lwdesigme ‘sotiiaR didtefifons £1 9 nst ance,
when an inage bgskephe.di spl ayed making use of an NTSC video signal, the
eqUati ons. i thi h ¢ he BREFRE. PERGGFACAOB tahgs dheRdana B Sk e rat ri x
panel is used. profetcwrC inRwhikh [t&kr active hafirix panelec)s employed:
(1) as a liquid crystal light valve. Figure 18 is a plan
view of such a colour display projector. White light
emitted from a light source 370, such as a halogen
lamp, is condensed by a parabolic mirror 371 and is
filtered to cut out heat rays in the infra-red region by
heat ray cutting filter 372 so that only light rays in
the visible spectrum enter the dichroic mirror system of
the projector. First, blue light (light having a
wavelength of about 500 nm) is reflected by a blue light
reflection dichroic mirfor 373, ‘other light (e.g.
yellow light) being transmitted therethrough. The
reflected blue light is directed by a reflection mirror
374 into a blue light modulation liquid crystal light
valve 378. The light transmitted through the blue
light refleétion dichroic mirror 373 strikes a green
light reflection dichroic mirror 375, and green light
(light having a wavelength of about 500 nm to 600 nm) is
reflected while the other light, that is red light
(light having a wavelength of about 600 nm and longer),
is transmitted therethrough. The reflected green light
enters a green light modulation liquid crystal light
valve 379. The red light transmitted through the green
light reflection dichroic mirror 375 is directed by
reflection mirrors 376 and 377 into a red light
modulation liquid crystal valve 380.
The blue light, green light and red light are
modulated by the liquid crystal light valves 378, 379
and 380, each of which comprises an active matrix panel
according to the invention driven by a primary colour



5x Cx RONL [Jerr] 10 ([err] sec) .... (2) where C
represents the total capacity of a picture elenent, and R CN1 and R OFF1

represent ON resistance and OFF resistance of the TFT, respectively.
Equation (1) is a condition to be satisfied by all of the picture elenents
in the matrix panel during a hol ding opgaation hol di ng condition) and 90%

and nore of the electric charge which Ts"witten into any picture el enent
can be - 16- hel d over for one field if

L 18 satl stieds;graiiat Iffen () diud, Widdd' e ild, O 2fe S@de ! €d DY
synthesised by a dichroic prism 383. The dichroic '
orism 383 is so constrdcned that a blue light reflection:
surface 381 and a red light reflection surface 382 cross
one another at right anglés. The thus synthesised I
colour image is magnified and projected onto a screenfby;
a projection lens 384. . ' |
Such a structure offers the following benefits;“
which have not been obtained by a colour display
- projector employing a conventional cathode ray tube as a.
projection tube. :
(1) A projection lens with a small aperture can be
used for the projection lens 384 because the liquid
crystal light valve can be made smaller and of highér
resolution than is possible with a cathode ray tube.
Therefore, a small, light weight and inexpensive |
projector can be realised.
(2) =Having a high aperture ratio, the active matrix
panel of the invention permits a light display even if a
projection lens with a small aperture is utilised.
(3) Good registration of the three colours can be
obtained because the optical axes of the red, green and
blue light valves are fully aligned relative to each
other by the dichrcic mirrors and dichroic prisms.
The present invention, therefore, provides a
aumber ¢f benefits and advantages. X
Firstly, the following advantages can be obtained
by forming the gate'line/soufce line drive circuit made
of complementary TFTs on the same transparent substrate
as the picture element matrix in accordance with the
invention.
(1) In the prior art, the degree of resolution is
limited by the mounting of the drive integrated circuit.
This limitation is removed by the built-in drive



picture elenents in the matrix panel during a witing operation (witing
condition), and 99% and nore of a video signal] can be witten into a
picture elenent if it 1is satisfied. 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 is used. K X
(C2RON2 + C3RON3) [err] 1/2f T31- . (3) where C2 and C3,
represent the capacities of junctions 142 and 143 in Figure 2 (a), ’
RON err] and RO¥Ynaegrazes td:‘e:ctm;tp:ﬁ sesiistveruEonf (e &/ ZRKBEJ vert er
43 and the invay B0 K ~F

frequency of thelg?rlﬁ%r?sl stle a‘%‘g%o%%é’dq%s ?Jk |1>s(a aélcé(ﬁg%{]aespé(\éﬂg ot

appr oxi mat el y f PQ% PIGTEHS2 894 Jessce sy |f-‘@n@é3talne%c‘6bratﬁ‘?ﬂf &%G%he act ual
survey or sinukathotheperineemdonRON[ err] and RONferr] of the TFT for
formng the drixﬁacirgglt shoul d.be . a tenth or. | ess of ;ncture

el ement TET in er r&&l?§@a& cimensicn oi the mount‘ng subst
| of the matrix panel can be miniaturised so that a
display device employing a ligquid crystal panel
accordzng to the invention can be made smaller, thinner
and llghter.
(3) Since the step of attaching an external drive

integrated circuit is unnecessary, a low cost display

device can be obtained.

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

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

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

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



shift register with approximately 2 MHZ of the clock frequency f.

For ‘realising such | ow output resistance, the gate length of the TFT for
the drive circuit can be forned as short as possible within the limts of
t he breakdown voltage permtted. Further, TFTs for the sanple and hold
circuit 17, 18 and 19 shown in Figurer§ ermt a | ower breakdown voltage
than the TFTs for the shift register 50 that the gate | engths of the
former can be shorter than those of the latter. Fiqure 6 illustrates the
definition of géfeinergghon and Fabhef2rshoapdafecsepdppelar impurities,

-17- - of the odignl engthacter RA6IngT 2l RechEFSdenkith @hae €he former,
are included in the seccnd polar TFT source/drain
segion, an inexpensive ccmplementary TFT integrated
circuit can ke obtained by the addition of a single
photo process to the conventional process for manu-
facturing a known mono-conductive type TFT. Further, P
type and N type TFTs with well balanced performances can
thus be obtaihed, :

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

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

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

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

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

Fourthly, the source line drive circuit as shown



a gate electrode 142 and a silicon thin film 143 making up a channel
region together define a gate length 144 and a gate w dth 145,

TABLE 2 - Gate leneth L ([err]m P type TFT N type

TFT. TFT for picture element matrix 20.0 TFT for
shift register 4.0 5.5 TFT for sanple and hold
circuit It is al so possible to~Parse the current supply capacity of

a P type TFT and an N type TFT by constructing the TFT such that the

t hi ckness of th?nSif‘liigE% A1 R afy LR 319 tb@e HRWRInd 18I L oA er
Figure 13 (b) allow sampling of the video signal with a
frequency 2Nf by .means of a system of N shift registers -
which are driven by a clock signal having a frequency £f.
Therefore, an active matrix panel having a built-in
drive circuit of high resolution can-be obtained even
when TFTs, whose ON current is not necessarily 1arg§
enough, are employed. :

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

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

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

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

advantages.
Firstly, effects which cannot be obtained by the

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

of a video camera.



than the maxi mum wi dth of the dépletion | ayer extending over the surface of
the silicon thin film The maxi mumwi dtth X[ err] of the depletion
| ayer of a P type TFT nade of silicon thin filmand the maxi mum wi dth
X[ecr] of the depletion layer of an N type TFT are represented by the
foll ow ng equati ons, respectively. XLgrL] (2c x 2 [err] FP)[err] x (q
X ND)[err] ... (4) X [err] = (2 X 3 [err] FN)[err] x (g x NA)[err]
... (H) where J[err] represents a unit electric charge, [err] is a
dielectric const{ait ofinsiexitcemelily migH MesdlemrijonFRaleuwre S8R it e ml
fl_lli.rll_Ct ;gg ];\IC[))r a Bit¥RteElemef e NpatRes M $ P 1 ¥ hs Wichigyy T Ha N type
' realised by the use of an active matrix panel which is
provided with a colour.Zilter. ~Further, low power
consumption results. .
(2) An extremely small and light weight EVF can be
realised in a space saving manner. -
(3) The shape of the EVF can be selected more freely
so that a novel design, £or example a flat EVF, can be
provided. . ' . '

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

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

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

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

achieved satisfactorily.



and NA represent equival ent donor and acceptor densities for the channel
regi ons, respectively. Further, equival ent donor and acceptor densities
are determned by the density of the donor inpurities existing in the
region, the density of the acceptor inpurities and the trap density acting
as donor and acceptor. According to the present invention, the thickness
of the silicon thin filmof the channeT3$égion in a P type TFT and an N )
type TFT is forned to be smaller than either Xerr] or Xerr]. Figure 7 is
a cross sectional view of a TFT where a depletion |layer is forned. An :
I nsul ating substrate 146 carries a silicon thin filmregion 147 formng a
channel region, and silicon thin filmregions 148, 149 form ng source/drain
regi ons. A gate insulating filmlayer 0, i.S«fOrmed on the regi ons 147,
148 and 149, and a gate el ectrode 151 isl§¥%¢i§ed on the layer 150. The

t hi ckness of the silicon thin filmis indicated by tsi, and the width of
the depl etion

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

_ matnx panel further comprising a gate line drive circuit (21) and a source line drive

_circuit (12) and being characterised in that at least one of the gate line drive circuit and
the source line drive circuit comprises a plurality of complementary thin film transistors
(47 to 56; 58, 59; 99, 100) provided on the transparent substrate, and having a gate

length shorter than that of the thin film transistors of the picture element matrix.

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

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

*x ¢ L M S5 *



| ayer formed on the silicon thin filmsurface is indicated by x. The
basic criteria for providing the preferred drive circuit for an active
matri x panel are thus established as follows:- (1). Each drive circuit is
given a static form conposed of conplenmentary TFTs. (2) A nethod of

manuf acture and a structure for a conphﬁgpntary TFT integrated circuit are
provided. (3) The cnaracteristics of t P-type and of the N type

sem -conductors are nmade to be well balanced. (4) The TFT design is

i nproved so as to enhance the capacity for driving the | oad. Vari ous
further inprovenents will now be descri bed. A first nodification in
the formof a |ayout for an active matrix panel is shown in Figure 8,

which is a
. ABSTRACT

ACTIVE MATRIX PANEL
JAnacﬁwenunﬁxIwmelconmuﬂwsalﬁcnueekmmmtnmm&xCzn,vﬂﬁChis
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 includes a gate line drive circuit (21) and a source line drive circuit
(12) at 1&3; one of the gate line drive circuit and the source line drive circuit coml;rises a
plurality of complementary thin film transistors (47 to 56; 58, 59; 99, 100) provided on -
the transparent substrate, having a gate length shdrter than that of the thin ﬁlm transistors

of the picture element matrix.

{This Sheet Has Been Rerlacec




-19- pl an view of an active matrix panel 160 showi ng the |ayout of each
of the circuit blocks. A source line drive circuit 161 (and/or 162) is
formed at the periphery of the active matrix panel 160 at the top (and/or -
bottom) as illustrated, in order to forma normal inmage, and a shift C
~register 163, a buffer 164, a video signal bus 165 and a sanple hold
circuit 166 are -arranged one inside th?l gt her relative to the periphery .
within the source line drive circuit 16 A gate line 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 regisfér 168 and a buffer 169 are

arranged in order inwardly fro he perlphng\/wthln Ehe gate line drive

circuit. /\$ﬂcture elenent ix 171 i rmed at the centre of the -
active nmatrix 160 NMNECtT oM tO the SopEce 1Tne arrve crrui t
161 (162) and he" gate—t T'h rve* c,'rrcur-t—l-e-?—( e')——omd rnp-ut--i efm nal s
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within the panel in use in the directions indicated by arrows 176 to 180.
Limted space can be put to the nost effective practical use by the |ayout
as descri bed above. Further, a layout as shown in Figure 9 is
utilised within the source line drive circuit and/or the gate 1line drive
circuit for formng unit cells within a limted di nension equivalent to the
spaci ng between picture elenments (or t dﬁ% such spacing). In Figure 9 the
cells 196 to 198 have a width D corresﬁg ing to the spaci ng between
picture elements (or tw ce such spacing). Arranging the drive circuit in
repeating cells having a cell width D, while also enploying the layout in

Figure 8 nakes effective use of the overaII space availz@le. In Figure 9,
the cells 196 to 198 — '
5
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- 20- are shown surrounded by broken lines. A positive power source line
184" and a negative power source line 185 are connected to regions 186 to
191 of silicon thin film formng the source/drain and channel regions of a
P type TFT and to regions 192 to 195 of silicon thin film formng the -
source/drain and channel regions of an N type TFT. The el ements of each
TFT can be separated by etching the s Gon thin filmto formisol ated .
areas regardless of hono-polarity and ﬁetero polarity. There- fore, for
instance, a distance a between the region 192 of silicon thin film of
the N type TFT and the region 187 of silicon thin filmof the P type TFT
and a distance b between the two regions 187 and 188 of silicon thin film
of the P type TFT can be nade substan- tially equal to each other.
According to the invention, the nunber of elenments in the direction in
which a unit cell is repeated can be increased by arranging an isolated
area of silicon thin filmof the P type TFT and an isolated area of

silicon thin filmof the Ntype TFT alternately, utilising the above
characteristics -

77 /00,
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positively. In order to increase the nunber of elenents further, the

foll owi ng neans may al so be enployed. Figures 10 (a) and 10 (b) illustrate
an inverter conposed of conplenentary TFTs and fornmed between a positive .
power source line 199 and a negative power source line 200. 1In Figures 10°

(a) and 10 (b), through holes 201 and 202 are provided for form ng contact
bet ween a source region and a gate elegy ?de 203. At first, a P type
region 204 and an N type regi on 205 ar E ovided in an isol ated area of
silicon thin filmw th a boundary 208. Next, a contact with the drain
region is formed by a through hole 206 and an output |ine 207 for the
inverter is added.

98
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-21- A second nodi fication of the invention concerns the reduction
of clock noise in the source line drive circuit. As SHGWH—FHAH4¥H4L;L___
the source line drive circuit 12 is provided with V|deoT%| al buses 14 to
16 .and a line (connected to the termnal 34) for trans- ' Lijas Bee acec
a pair of relatively inverted clock signals CL and [err] f 1

shift register 13. The |line shown consz ged to the termn

a pair of lines and if there is a différence between the stray

capaci tance fornmed between any video signal bus and the CL Iine and that
formed between the sane video signal bus and the CL line, noise in the
formof a spike synchronised with the clock signal is added to the video
signal. As a result. unevenness occurs in the display in the formof 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
twi sted arrangenent3for the CL and £L lines. Figuregll (a) illustrgtes a
source line drive c?rCU|t conpr|5|n? a shift regist}r having unit §ells 210
to 213, a sanple—hkeld circuit coumpelsing | —Af— X
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TFTs 214, 215, a picture elenment matrix 216,
CL and [err] lines 218 and 219 cross each other (i.e.
centres approxi mately. Hence,
and. t he vi deo signal
line 219 and the video signal bus 217 are nmade to be approxi
each other. As a result, the val ue for6t
CS3) wnich is fornmed between the CL Iiné
is made to be equa

and a video signa

bus 217.

are twisted) at their
t he average di stance between the CL |ine 218
bus 217 and the average di stance between the [err]

mat el y equal tq'

QZ stray capaci- tance (CS1 [err]
218 and the video signal
to the value for the stray capacitance (CS2 + C$4)

bus 217

which is formed between the CL line 219 and the video signal bus 217.
Further, as shown in Figure 11 (b)42s the rising
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edge of the clock signal CL corresponds to the trailing edge of the clock
signal [err], and vice versa. Conse- quently, clock noise added to the

vi deo signal can be reduced sharply to realise a clear display in the

pi cture. Further, the CL and CL lines may be twisted (cross over) a
plural nunber of tines. A third nodification of the invention seeks
to make the resistance of the connecti’dAd-to the sanple hold circuit
uniform Figure 12 illustrates the parts :of a source line drive circuit
such as the one shown in Figure 1, including a shifiiregister 230, video
signal buses 231 to 233, a sanpged Sy nprising TFTs 234 to
236, and a picture el enent matrl \;:’)?J} ‘0 ff el tizgi gnal s

correspondi ng, for exanple, - <Ted (R, green (G -<and
~blue (B), are transmtted t lq —~busge 231 to 233 and
then the conbination is chanigdadedfu’a singled it al scan. Since these

three video signal buses r=IUI>e a om/rES|sL nce, {a metal such as
alumniumis preferably us .‘1 r eagn |ige. $& t her hand, when the
structure of Figures 3 (a) (qumhlch I's consi ere?4go be the nost
effective froman econom cal
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point of viewis adopted, the same material as that enployed for the gate
el ectrodes 80 and 81, such as poly-crystalline thin film is used for

lines 237 to 239 fromthe video signal buses to the sanple hold <circuit.
In this case, the sheet resistance of poly- «crystalline silicon thin film
I's much higher than the resistance of the video signal buses, and the

| engths of the lines 237, 238 and 2398?22n0t be equal to each other if
these lines are straight, whereby the i stance of the lines 237 to 239
also will not be equal to each other. As a result, the picture displayed
may be uneven and include |ines. However, in
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t he present invention, the lines 237, 238 and 239 are fornmed such that
their resistances are nade equal to each other. For exanple, the line
wi dth Wmay be kept constant and the line length L of each |ine 237 to 239
may -be made equal, or the Iine length L of each Iine may differ and the
lineewidth Wnay vary respectively between the |ines 237 to 239. A
fourth nodification of the invention ig%ﬂfégcted towards increasing the

sl ow speed of a drive circuit conposed FTs. As shown in Figure 5,
since the performance of a TFT is inferior to the performance of )
nono-crystalline silicon MOSFET, the speed of a shift register made from

TFTs is not fast enough to drive an active matrix panel. |In order to nmake
up for this slow speed, the circuit structure as shown in Figure -13 (a)
and operation as shomn in Figure 13 ,@gb) qg{ t|||sed In. Figure 13
(a), a start signal md cl ock srgnals

and [err] areasgﬁ& ed to a
first shift register 256 i ncl uded /™ a: sourCE/Ilne drive circ for

generati ng saanTn qus 252 254 and s Further, f stprt si gnal DX
and cl ock signals an uﬁ x—2—ar-e—ayp fty geglster
251 included in the so r rinp_drlvp bircnit fntgﬂ, ingls f,ng
:23 *IO’JJI, ' } } ! J212}) 213 :
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pul ses 253, 255 and so on. A video signal bus 265 is connected by way of
TFTs 256 to 259 of a sanple hold circuit and source lines 261 to 264 to a
pi cture elenent matrix 260. The signals V, DX, CL x 1, [err], CL x 2, CL
X 2; and the pul ses 252 to 255 output fromthe shift registers 250 and 251
are shown in Figure 13 (b). The source line drive circuit shown in
Figure 13 (a) is provided with the two {%J regi sters 250 and 251, which
are driven by clock signals CL x 1 ([e€rr and CL x 2 ([err]) which are
approximately 90[err] out of phase. When the source line drive circuit is
provi ded - 24- with a nunber N of shift
registers, each shift register
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shoul-d be driven by a respective clock signal and the i nverted .cl ock
signal wherein the phases |lag by approxi- mately 180[err]/N. I f the -
frequency of CL x 1 and CL x 2 is taken as f, the sanpling pulses 252 to
255 are generated sequentially at intervals of 1/4f hours. The . video
signal Vis sanpled at the trailing edges 266 to 269 .of the sanpling
pul ses and is held at. the source lines 2 to 264. As a result, sanpling
with a- frequency 4f is realised by ne f shift registers which are ’
driven by a clock signal of frequency f, which results in an effective
conpensation for the slow speed of a shift register nade up of TFTs. \When
the above described payree—d ne drive circuit is provided with a nunber N--
of shift registers, sanpling }Nlth a frequency 2Nf can be realrsed by neans
of shift registers wht¥8Hh TPy, a CroCK srgnal 07 requency f.
A fifth nodificationzdkyt mAeent i on® ch
output fromthe source line d sizl ne Id.um circuit. Figure 14
illustrates this nod¥X2aplan, _—~wHi-ch—petudes—a—shift— czﬁ_m—_?jo as part
of the source |ine WMT a \ﬁ‘iieo 'SI gnal bus terpjnal 281.} a sanple
and hold circuit conprising a TF 282' .agslource ljege drive test "Circuit
283, a - O - "
uf L t.L 1 {[L
. |2‘=b| 257 | Y253 ] “ 257 .
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conjrol terminal for the test circuit 283, a test . signal output termna

285 and a source line 286. A respective test circuit 283 is added to each
source -l ine 286. Likew se, a shift register 287 forming part of a gate line
drive circuit is connected to a gate line test circuit 288 having a test
signal input termnal 289 and a test signal output term nal 290. A gate
line 291 |eads fromthe gate line drive circuit to a picture elenment matrix_
292. A respective test circuit 288 ii2§?9ed to each gate line 291.

- 25- The test circuits operate as'follows: the test circuit 283 is.

turned ON by way of the term nal 284 for
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testing operation of the source line drive circuit. |In this condition, the
shift register 280 is scanned after a predeterm ned test signal is supplied.

to the video signal bus termnal 281. At this tinme, if a signal which
neets standard requirenents is serially output at the test output term nal
285, the result is considered as "Good" and, if not, it is considered as

"Poor". For testing the gate line drive ciTcuit, the shift register 287 i's
| i kewi se scanned when a predet ernm ned3/dsk signal is input.. At this time,
if a signal which neets standard requirenents is serially output at the
test output termnal 290, the gat‘AV;n@’drlve cirgsft is considered as
"Good" and, if not, it is considgred as Poor/\,/ In this way,

el ectrical testing of an acti ve—meittx pamet—camr e done autonatlcally,
whereas in the prior art testing hhs been by visual observation of  a

di spl ayed test pattern. A Si JJPJEE f the invention
i nvol ves providing a storage capac tOL n a picture {el ement w thout an

addi ti onal process during nanufact pre’ Fi gu 15 ( |II§§§rates t he
circuit of such a picture elenent,| and Fi 15 (B$6°a cross section

through the picture elenent. As s1owgg kaure 15{(a), the
- 304
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pi cture el ement conprises a TFT 302, which operates as a switch and which

I s“connected to a source line 300 and a gate line 301, a liquid crystal

cell 303, a counter electrode termnal 304, a netal oxide sem -conductor
capacitor 305 (hereinafter referred to as a MOS capacitor) having a gate

el ectrode 306. Turning to Figure 15 (b), transparent insulating
substrates 310 and 324 have sandw ched therebetween silicon thin film
regions 311 to 315, gate insul ating4f, fgl reglons 316

- 26- and 317, gate electrodes 318 an an insulating filmlayer
320, a line layer 321 which fornms a source Iine, a transparent conductive

filmlayer 322 which forns a picture el enent el ectrode, a counter
el ectrode -
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323 including a transparent conductlve filmlayer, and a layer of liquid
crystal material 325. ° The TFT 302 fornmed by the portion indicated by
the reference nunmeral 326, the regions 311 and 313 providing the
soutce/drain regions thereof and the region 312 form ng the channel region.
The MOS capacitor 305 is formed by the portion indicated by the reference
nunmeral 327, with-the regions 313 and 315 providing the source/drain

regi ons thereof and t he region 314 form t he channel region thereof.

As shown clearly in Figure 15 (b), since the MOS capacitor 305 has entirely
the sane cross sectional structure as the TFT 302, it is not necessary to
add any special extra manufacturing process in order to formthe MOS
capacitor 305. However, if the MOS capacitor 305 is to be used as a
storage capacitor, it is necessary to naintain a condition wherein a
channel, that is an inversjon |layer, is forned at the region 314. A

predet ermi.ned vol tage potential is applied to the gate el ectrode 306 (319)
of the MOS capacitor 305 so as to turn the latter on for maintaining this
condi tion. For exanple, a positive potential in the case of an N type MOS
capacitor or a negative potential in the case of a P

350 > 352
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type MOS capacitor is appropriate for this. Since a gate insulating film
is hormally formed to be extremely thin, a storage capacitor produced as
descri bed above can be fromfive to ten tinmes as large as a storage
capacitor nmaki ng use of a conventional insulating filmlayer. This is very
effective for econom sing on the area enployed by the storage capacitor.
Therefore, it -27- beconmes possible to .
i ncrease the aperture ratio of the adﬁM&é matri x panel . A | ast
nodi fication of the invention concerns the nountin of an active matrix

panel having a built-in drive circuit. Figure 16 (a) is a cross section
t hr ough
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an arrangenent for the nounting, which features a transparent substrate 330
whetein a picture element matrix and a drive circuit conposed of TFTs are
forﬁed a transparent substrate 331 wherein a counter electrode is forned,

a seallng menber 334, a filling of liquid crystal material 333, a nounting
substrate 335 having an aperture 340, a mﬁre 338 made of a netal such as
gold or alum nium and a protective 339 A recess 336 in the

nmounting substrate 335 adjacent the a ture 340 is effective for ensuring
a strong connection by the wire 338. A shading nenber 337 is advant ageously
provi ded over all or a part of the nmounting substrate 335, and a further
shadi ng nenber 332 in the formof a strip surrounding a portion of the
picture elenment matrix is advantageously provided on the transparent
substrate 330 for inproving the external appearance of thegactive matrix
panel when used as a display device. Figuré 16 (b) is a ptan view of the
arrangenment showi ng the picture elenent matri x 341 suppgyted by the

mount i ng substrate=885—ovVeET TNE aperture,, wrcn 15 rnarcated by the dotted
| i ne 342. $i nce the styressTomtieowTe 338 |ssuniforn1mjth this

arrangenent, the strengtb of {the conmeetion is A~/
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|rrproved Further, when the active matri X panel 39

embodigent is.util
sour cg | 8Et A EMENTt SHEETS eaG f ac
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circuit made of conplenmentary TFTs with the picture elenment matrix as
descri bed above, a gsmall, inexpensive and reliable active matrix panel
having a | ow power consunption and a high resolution density can be
obtained. As a result an EVF having the structure shown in Figure 17 can be
realised. This EVF 353 is connected to an inage sensing device 350,
recording apparatus 352, and a video signal processing circuit 351
arranged to supply a conposite video signal on a line 362. The EVF 353
conprises a drive circuit 354, includiZfd® chroma circuit, a synchronised
timng signal formation circuit, a liquid crystal panel drlving si gnal
formation circuit, a power source and a back light driving circuit. The
EVF further conprises a light source 356 for providing the back |ight, a:
reflector 355, a diffuser 357, polarisera 358 and 360, 4&n active matrix
panel 359 according to the |nventha<§nd.a l.ens gﬁlo<?_m, Such a structure
offers the follow ng benefits, whichfhavge not bepn olilai hed by an EVF

enpl oyi ng a conventional caghodefraycfubp. (48 P cdlour] EVF having an
extrenely high resol ution vah a| picture elngnt spaci ng of 50 m crons and
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| ess can be produced if the active matrix panel is provided with a col our

filter. . Low power consunption is also pronoted. (2) An extrenely snall
| i ght weight, space saving design 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 possible. Anot her -
application is in a colour display projector, in which the active matrix
panel . is enployed as a liquid crystalslaght valve. Figure 18 is a plan
/17 - -
7. /00,
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view of such a colour display projector. White light emtted froma |ight
source 370, such as a halogen lanp, is condensed by a parabolic mrror 371
and is filtered to cut out heat rays in the infra-red region by heat ray
cutting filter 372 so that only light rays in the visible spectrumenter
the dichroic mrror systemof the projector. First, Dblue light (light
havi ng a wavel ength of about 500 nm is reflected by a blue |ight
reflection dichroic mrror 373, other light (e.g. yellow |ight) being
transmitted therethrough. The reflecte®/Blue light is directed by a
reflection mrror 374 into a blue light nodulation liquid crystal |ight
valve 378. The light transmtted through the blue light reflection
dichroic mrror 373 strikes a green light reflection dichroic mrror 375,
and green light (light having a wavel ength of about 500 nmto 600 nn) is
reflected while the other light, that is red light (light having a )
wavel engt h of -about 600 nm and |longer), is transmtted therethrough. The
refl ected green |ight enters a green light nmodul ati of®liquid crystal |ight
valve 379. The red light transmtted through the gregen light reflection
dichroic mrror 375 is d 6 and 377 into a
red |ight
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nmodul ati on quuid crystal val ve 380. The blue light, green |ight and
red light are nodul ated by the liquid crystal |ight valves 378, 379 and
380, each of which conprises an active matrix panel according to the

i nvention driven by a primary col our - 30-
signal, such as blue, green and red, and are then synthesised by a
di chroic prism 383. The dichroic prism383 is so constructed that a bl ue

light reflection. surface 381 and a red ljight reflection surface 382 cross
~one another at right angles. The thBdlgynt hesi sed colour inmage is
magni fi ed and projected onto a screen by a projection |ens 384.
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Such a.structure offers the follow ng benefits, which have not been
obt ai ned by a col our display projector enploying a conventional cathode ray
tube as a projection tube. (1) A projection lens with a snall aperture can

be used for the projection |l ens 384 because the liquid crystal |ight valve
can be made snmaller and of higher resolution than is possible with a
cathode ray tube. Therefore, a small, 1light weight and inexpensive

projector can be realised. (2) Having a high aperture ratio, the active -
matri x panel of the invention perm ts6édl7 ght display even if a projection -
lens with a small aperture is utilised. ((3) Good registration of the three
col ours can be obtai ned because the optical axes of the red, green and bl ue
i ght valves are fully aligned relaf{jve to each other by the dichroic
mrrors and dichroic prisns. ~.The preseny45nvention, t her ef ore,

provi des a nunber of ‘benefits and pdvant Fiirstly, the follow ng
advant ages can be obtai ned by f&#ﬁ_ | '
circuit made of conplenmentary TETs]én t

8&rce line drive
picture elenment matrix in accordapf
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invention. (1) |In the prior art, the degree of resolution is |limted by
the nmounting of the drive integrated circuit. This limtation is renoved by
the built-in drive ' -31- i nt egr at ed
circuit of the invention. As a result, a liquid crystal panel having a

pi cture el ement spacing of 500 mcrons and | ess can be obtained in
accordance wth the invention. (2) The external dinension of the
nounting substrate of the matrix pangl gan be mniaturised so that a

di spl ay device enploying a liquid cry {&I'panel according to the invention
can be made snualler, thinner 151 :
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and lighter. (3) Since the step of attaching an external drive
integrated circuit is unnecessary, a |low cost display device can be
obt'ained. (4) Since the connection of an external drive integrated
circuit is not required, the reliability of the display device can be

i mproved. (5) The low'current consunption which is an intrinsic feature
of the present active matrix panel obtained by formng the drive circuit
with conplenmentary TFTs results in |ow current consunption in the whole
di splay device. This is an inportant £ ure, which nmakes the application-
of the invention in an EVF for a vided canera and a portable inmge nonitor
f easi bl e. Secondly, not only is | ow power consunption achi eved but .

al so the voltage range and opera%*%;frequ?@zy range gqn be extended by the
use of conplenmentary TFTs and a_circuit P4 thg"ggL a static type of,
shift register. A TFT hasfa AT gh OFF current “Thardcteriistic z§ shown in
Figure 5 and the tenper@rure dependency ol Lhe OFE _curneri™" %Jso | ar ge.
Thi s defect of the TFT'leconpensateo py a sq§t|c tyge lof shift register,

and so the vol tage ranger@
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range can be expanded. Thirdly, due to the structure wherein first
polar inpurities are included in the first polar TFT source/

- 32- drain region and both first and second polar inpurities, wth the

| atter having a higher density than the former, are included in the second
pol ar TFT source/drain region, an inexpensive conplenentary TFT integrated
circuit can be obtained by the addition of a single photo process to the
conventional process for manu- facturing a known nono-conductive type TFT.
Further, P type and N type TFTs with oywl? bal anced performances can thus
be obt ai ned. _ - :

221 8 21 g 224
; i.j‘ 4 ‘N‘, /\/
o
Lo )] X :
l—'>cgﬁl l ! . ! I 223
7/ i { vy ’
232 ;w,_u: ' ! oo f22f 23
’ Cst= =Cs2 G =Css
T : '\' — — .
b
® 'EI-—-—( —————————— ——4HC2308
l |~ 24 17 |
T

Thig is the replacemer? sheet

Date: 2 2 AUG ﬁﬂ&



“Fourthly, the gate which fornms the drive circuit is forned to be shorter
than that of the TFT which forns the picture element matrix, so that the
actuating speed of the drive circuit can be inproved and the witing and
hol ding of electric charge in each picture elenent can be maintained in the
opti nmum condi ti on. - Further, the various nodifications of the

i nvention described above provide the follow ng beneficial effects.

Firstly, the pattern |ayout as shown in Figures 8, 9, 10 (a) and 10 (b)
enhances the arrangenent within the diPvya7circuit(s) so that unit cells can
be formed within a defined pitch corresponding to the spacing of the

pi cture el enents. Secondly, «clock noise in the video signals can be
renoved to the point of rendering any correspondi ng unevenness or unwanted
line in the picture displayed below the [evel of visibility. Thi rdly,

the resi stances of the connections to the sanple and hold circuit are nade
uni form al ong .each source line so that the witing | evel of the display
signal to all the source lines is tendered uniform which avoi ds unevenness
inthe formof a line in the :
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pi cture’displ ay. Fourthly, the source line drive circuit as shown

- 33-. in Figure 13 (a) and driven by the signals as shown in Figure 13
(b) allow sanpling of the video signal with a frequency 2Nf by neans of a
system of N shift registers which are driven by a clock signal having a
frequency f.. Therefore, an active matrix panel having a built-in drive
circuit of high resolution can-be obtained even when TFTs, whose ON
current is not necessarily large enough are enpl oyed. _ Fifthly, by
providing a test circuit for the /17
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out put -of each drive.circuit, checking the active-matrix panel, which has
previously been carried out by visual exam nationh of a display test
pattern, can be carried out electrically and autonatically. Si xt hly,
the structure for a storage capacitor as shown in Figures 15 (a) and 15 (b)
may be enployed in each picture elenment to hold the electric charge in each
picture el enment nore steadily but without either increasing the cost of
production or decreasing the aperture ratio. Sevent hly, the nounting
structure as shown in Figures 16 (a) and 16 (b) not only inproves the
connection strength and the reliabili®&¢/3 the panel but also prevents the
| eakage of unnecessary |light around the periphery of the picture el enent
matrix in the event that back lighting is used with the active matri x panel

of the invention to construct a transparent display device. Finally,
the application of the invention to the particular display systens
descri bed has the foll ow ng advant ages. Firstly, effects which cannot

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

>30
~
o
\gu . i -
3 HE~ 2 - - -
o . 223
;g =L 4J Ll~ —e———
7 —0~_235
e I
e ] . ]
.f?_{' ) {
259 234 >7/ i
SE7~L | F-afa
I { ) I
! | ' |
T | I
l . t
s e e e e s e —— -
290 N

FI1G14

This is the ra?ﬁcsme‘n't shest
2 2 NG 1936



obt-ained by the application of the invention to the EVF of a video canera.
- 34- (1) An extrenely high resolution colour EVF with a picture el enent
spacing of 50 microns or |ess can be realised by the use of an active
matri x panel which is provided with a colour filter. Further, |ow power
consunption results. (2) An extrenely small and |ight weight EVF can be
realised in a space saving manner. (3) The shape of the EVF can be
selected nore.freely so that a novel design, for exanple a flat EVF, can
be provided. 13/17
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Secondly, effects which cannot be obtained by the use of a conventi onal
cathode ray tube can be obtained by the application of the invention to a
colour display projector. (1) Since the liquid crystal valve can be nade
smal | er and of higher resolution than in the case of the cathode ray tube,
a projection lens with a small aperture can be used. Therefore, a small,
| i ght wei ght and i nexpensive col our display projector can be realised. (2)
Due to the high aperture ratio of the active matrix panel, [light display
can be obtained even with a projection lens with a small - aperture. (3)

Unli ke the projection tube enployinglﬂﬂé7gathode ray tube, the optical axes
of the Iight valves for each colour, nanely red, green and blue, can be
made to coincide by the dichroic mrrors and dichroic prisns so that the
regi stration of the three colours can be achieved satisfactorily.
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-35- - 1. . An active matrix panel conprising a picture el ement
matrix (22), which is nounted on a transparent substrate (71, 86) and

whi ch includes a pluratity 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 elenents including a thin filmtransistor (29, 101), the active.
matrix panel further conprising a gate line drive circuit (21) and a source
l'ine drive ' : _

15/17
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circuit. (12) and being characterised in that at |east one of the gate |line
drive circuit and the source line drive circuit conprises a plurality of
conplenmentary thin filmtransistors (47 to 56; 58, 59; 99, 100) provided
on the transparent substrate, and having a gate I|ength shorter than that
of the thin filmtransistors of the picture elenent matri x. 2. An
active matri x panel according to claim1, characterised in that each

pi cture elenent includes a storage capacitor (305) forned simultaneously

t herew t h. ' )
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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 CG, 27, 28) and a plurality of picture eleménts (32,
35). Each of the picture elements includes a thin film transistor (29, 101). The active

matrix panel further includes a gate line drive circuit (21) and a source line drive circuit

(12) at least one of the gate line drive circuit and the source line drive circuit comprises a

plurality of complementary thin film transistors (47 to 56; 58, 59; 99, 100) provided on

the transparent substrate, having a gate length shorter than that of the thin film transistors

of the picture element matrix.
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