ACTI VE MATRI X PANEL The invention relates, to an active matrix

panel . A conventional active matrix liquid crysta\pa ¥

di sclosed in "SI D 83 digest pp. 156 - 157, B/ Wand co Z

di spl ays addressed by polysilicon TFTs" (Mbrozun1 et ) |@g 4@

in Figure 19. Such an active matrix panel 1 conprl e ”a A?
&h-|s4? é?nn-}on a

ohfge%'%he i ve

matrix 2, which utilises thin filmtransistors and
transparent substrate. Gate line drive circuits a
circuits 4, in the form of MOSAcnUegr aMACRIX CWHANE
nono-crystal silicon, are attached to the edges of tNg

panel 1 as shown, each drive circuit 4 being nounted on
The invention reiates tO an active matrix panel.

A conventicnal active matrix liquid crystal panel
as disclosed in "SID-82 digest pp. .56 - 157, B/W and
colour LC video displays addressed by polysilicon TFTs"
{Morozumi et al) is illustrated in.Figure 19. Such an
active matrix panel 1 comprises a picture element matrix
2, which utilises thin film transistors and which is
formed 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 of the active matrix
panel 1 as shown, each drive circuit 4 being mounted 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 mounting substrate 6 provides ‘both
mechanical support for the flexible substrates 3 and the

active matrix panel i and electrical-connection between
the drive circuits 4 and external circuitry (not shown).
This ccnventional arrangement has the following
disadvantages:
(1) High resolution is prevented.
In the prior art, each source or gate line of the
“active matrix panel 1 is connected to the associated .
drive circuit 4 at a respective pad 5 so that close
positioning of the plc*ure elements is limited by the
pad in;e;val required Zfor forming the connections during
mounting. . Therefore, mass production of the active
matrix panel with a picture element spacing of 100
microns or less is very difficult and so high resolution

cannot be obtained.




-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 nechanical support for the flexible substrates 3
Aand the active matrix panel 1 and electriaﬁl connection between the drive
circuits 4 and external circuitry (not sho@n). Thi s conventi ona
arrangenent has the follow ng di sadvantages: (1) H gh resolution is
pr event ed. (+9 N9 RGLEL-ALhe :0ACH S AULCE 1ah10Y @dvile 95 Lhe active
e

matrix panel 1 i$ &onnec {6 "the “dssoci af'ed difrve circuit 4 at a

respective pad 5?§©Y§ﬁ§?delose positioning of the picture elenents is
limted by the pad intervaher egrvend ok if arFahgenan tC@RBHN! LANFigureng
mount i ng. Therefore, mags production of the active matrix Esgel w.th a
picture el ement saci RECBf AXOBCNFEFSHE Sor -8s DOUBTEE, PUESAALC 375138

hi gh resol ution ga9pok Penebt ai Bedchat :he external dimensions of the
mounting substrate 6 have to te a fourth or f£ifth as
large again as the diﬁensions of the picture element
matrix 2. Therefore, =he dimensions of the display
device employing the active matrix panel 1 must
inevitably be larger than the dimensions of the picture
element matrix 2, which is the portion contributing to
the display, 2and this iimits the application of the
active matrix panel in a micro-monitor, such as a view
£inder for a video camera.
(3) The production cest is expensive.

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

(4) The reliability is low.

Due to the many connections, for example between
the active matrix panel i and the flexible substrates 3
and rtetween the drive circuits 4 and the flexible .
substrates 3, and the stresses applied to the
connecting portions in use, the connecting strength has
been found to be insufficient. Thus, the reliability
of the whole display device is inherently low, whereas:
the expense of ensuring reliability is great.

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



22 (2) Mniaturisation of the display device is prevented. ' In
t he conventional arrangenent shown in Figure 19, each drive circuit 4 1is
nount ed outside the active matrix panel 1 so that the external dinensions
0f the nounting substrate 6 have to be a fourth or fifth as |arge again
as the dinmensions of the picture element matrix 2. Therefore, the

di nensi ons of the display device enployin% the active matrix panel 1 nust
i nevitably be larger than the di nensions 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 apyiefle@nichT8 ifexperfsive and!hds R'sRANCHi2e04hdCWRICh iScapible BF botf-high
The production of a display device enploying the arrangenent shown Tn

Fi gure 19 i nwgblutiontah@ higtoregiabiliaf, connecting the flexible substrates 3 with
the active matrix panel 1, - the process of connecting the drive

According to a first aspect of the present invention, there is provided an active
matrix panel comprising a picture element matrix, which is mounted on a transparent
substrate and which includes a plurality of gate lines, a plurality of source lines and a
plurality of picture elements, each of the picture elements including a thin film transistor,
the active matrix panel further comprising a gate line drive circuit and a source line drive
circuit 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
provided on the transparent substrate, and in that the complemehtary thin film transi§tors
comprise a P type thin film transistor including acceptor impurities in the source-regio;l
and the drain region thereof and an N. type thin film transistor including acceptor
impurities and donor impurities in the source region and the drain region thereof, the
donor impurities in the N type thin film transistor having a higher concentration than the
acceptor impurities in the n type thin film transistor. |

Thé invenfion also provides a method of manufacturing a complementary TFT
integrated circuit for an active ﬁiatrix panel comprising the steps of: forming a desired
pattern after accumulating a layer of silicon thin film over a transparent insulating
substrate thereby forming a channel region of a P type TFT and channel regions of N
type TFTs; forming gate insulating film regions by means of thermal oxidation or
chemical vapour deposition, and then forming gate electrodes; implanting acceptor
impuriﬁes over the surface utilising ion implantation techniques in first regions and

- second regions; adding acceptor impurities to second regions which are to be the

source/drain regions of N type TFTs, then; covering the P type TFTs by a masking
material and imﬁlanting donor impurities elsewhere with a higher concentration than that

of the acceptor impurities 120 and activating implanted donor impurities in the first and

second regions



SCircuits 4 with the flexible substrates 3, and the process of nounting the
flexi ble substrates 3 and the active matrix panel 1 on the nounting -
substrate 6, which renders production expensive. (4) The reliability is

< ow. Due to the many connections, for exanple between the active

matri x panel

1 and the flexible substrates-$ and between the drive circuits

4 and the flexible substrates 3, and the stresses applied to the connecting
portions in use, the connecting strength has been found to be insufficient.
Thus, the reliability of the whole display device is inherently |ow, -
wher eas the ipxsubsaguent heasreaintamt,r thls fdvinling source/drainadegions of P tiype amd Nrtypedj ect
of the invention to overcone the above problens and to provide an inproved
active matriRFTs respectively; then accumulating an insulating film layer 129 after removing the

mask material opening through holes forming a picture element electrode of transparent

conductive film and forming a line).

" In the above method of manufacture, if donor impurities are substituted for

acceptor impurities and acceptor impurities are substituted for the donor impurities an N

type TFT and P type TFTs are obtained instead. The TFTs thus obtained include an N

type TFT having donor impurities in its source/drain region and P type TFTs having

both donor impurities and acceptor impurities in their source/drain regions but the latter

having a higher concentration than the former. This process is set out in claim 4 of the

appended claims.

Thus in a further aspect the invention provides an active matrix panel comprising

a picture element matrix, which is mounted on a transparent substrate and which includes

a plurality of gate lines, a plurality of source lines and a plurality of picture elements,
each of the picture elements including a thin film transistor, the active matrix panel
further comprising a gate line drive circuit and a source line drive circuit and being
characterised in that at least one of the gate line drive circuit émd the source line drive

circﬁit comprises a plurality of complementary thin film transistors provided on the -

transparent substrate, and in that the complementary thin film transistor to comprise an N

type thin film transistor including donor impurities in the source region and the drain

region thereof and a P type thin film transistor including donor impurities and acceptor

impurities in the source region and the drain region thereof, the acceptor impurities in

the P type thin film transistor having a higher concentration than the donor impurities in

the P type thin film transistor.

Such an active matrix panel can advantageously be




F panel, which is inexpensive and has a small size and which is capable
of both high resolution and high reliability. According to a
first aspect of the present invention, there is provided an active matrix
panel conprising a picture elenent matrix, which is nounted on a
transparent substrate and which includes a plurality of gate I|ines,

plurality of so es an Lural ity of-:R uee_ele of t he
pi cture elenent%ﬂ%ggci/é H f%8f|Tn1tr n5|§torE ?ﬁegac ?éé n%@%?% 'panel
further conprlsﬁngom‘ggre-$rne gorvabter ¥URt aaddtaesddkee |ine drive

circuit and being chasget exisgd: b Lhat a% keast:0pg efiy qu?aB L?Qeogruve
circuit and the source |The drive cITcu conprises a p ura g
conpl enent ary t?ﬁ%ﬂ¢+¢n1t¥bﬂ%|s@@#%en@ﬁov¢débeoﬁcﬁﬁmbﬁnﬁhsﬁaﬂéﬁWIBGBstrate

and in that thegopplepentary thin filmtransistors conprise a P type thin

filmtransistor including acceptor inpurities in the_source region
Figure 1 s a circuit diagram of an active matrix

panel embodying the rresent invention;

Figures 2 (a) o Z {f) show examples 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 shown in Figure 1; .

Figures 4 (a) zo 4 (d) illustrate stages in the
method of manufacturing an active matrix panel according
to the present invention;

Figure 3 is a graph showing the characteristic of
a thin film transistor employed in the invention in
comparison with that of a mono-crystalline silicon
MOSFET;

Figure 6 is a diagram for illustrating the terms
"gate length" and "gate width"; .

Figure 7 is a cross sectional view through a thin
ilm transistor employed in the invention showing
depletion layer width and film thickness in a layer of
silicon thin £ilm;

Figures 8, 9, 10 (a) and 10 (b) illustrate a first
modification cf the active matrix panel; . .

Figures 11 ({a) and 11 (b) illustrate a second
modification of the active matrix panel;

Figure 12 illustrate a third modification of the

s Hl

active matrix panel;
Figures 13 (a) and 13 (b) illustrate a fourth

modification of the active matrix panel;
Figure 14 illustrates a fifth modification of the

active matrix paneil;



and the drain region thereof and an N type thin filmtransistor including
acceptor inpurities and donor inpurities in the source region and the’
drain region thereof, the donor inpurities in the Ntype thin film
tTansi stor having a higher concentration than the acceptor inpurities in
the n type thin filmtransistor. The invention also provides a
met hod of manuf act urisngareEon3 enpntzagy “EFT z)i ntidgrsdxceia cuikthf or an
active matrix panql}co"gistgg_khe_sggps of ._f.qrm .a desired pattern
after accunul at"ﬁ%’g'fa'qage'r“ & S E& R eSS o‘(/ag%"'a’ t ranspar ent
i nsul ating substrat &iduresby 5 dani rgda shdimeli lsgwratd a sevepsa TFT and
channel regions af. N_.type TETs, fQrm. gate..i i.g fil mregions by
means of t her maP9dxi §f¥ g & - e%FEéP%vé%%ﬁfxggg%g%_ﬁon, and then form ng
gate el ectrodes; i nplrdmpineyg -dccepoliapmpar iitiles wradrinha SuB&ce utili sing
ion inplantatiqn techni.ques dn. first.(egi i cond regions; adding
accept or inpurPPP&§“ﬁ§%% cgﬁd”Fggfgﬁ§J§hF%%§5%22¥%§%é t he

Tigure 18 is a diagram illustrating a second
ctive matrix panel; and

application of the .
circuit diagram of an active matrix

oo

Figure 19 is

panel according to

L he prior art.
Figure 1 shows an embodiment of the invention,

(%2

wherein an active matriX ranel 11 comprises a source
line drive circuit 12, a gate line drive circuit 21,
and a picture element matrix 22, all being of cbmple—
mentary metal cxide semi-conductor structure (herein-
after referred to as a CHMOS structure) made of silicon
thin film and formed on the same transparent substrate.
The source line drive circuit 12 includes a shift
register 13, & sample and hold circuit comprising thin film
sransistors 17, 18 and 19 (hereinafter referred to as
7FTs) and video signal buses 14, 15 and 16. The gate
line drive circuit 2i includes a shift register 20, and
it may also include a buffer 23 if occasion demands.
The picture element matrix 22 includes a plurality of
source lines 26, 27, and 28 connected to the source line

drive circuit 12, a plurality of gate lines 24 and 25

]

connected to the gate iine drive circuit 21, and a
plurality of picture elements 32 and 33 formed at inter-
secticns of the source and gate lines. Each picture
element 32, 33 inciudes a TFT 29, and a liquid crystal
cell 30, which comprises a picture element electrode,
and cpposite electrcde 31 and a layer of liquid crystal
material between the electrodes. It is possible for
other circuits, such as a counter or a de-coder having



<

source/drain regions of N type TFTs, then; covering the P type TFTs by a
masking material and inplanting donor inpurities el sewhere with a higher
concentration than that of the acceptor inpurities 120 and activating

i mpl anted donor inpurities in the first aAd second regions

3a by subsequent heat treatment, thus form ng source/drain regions of P

type and N types, IET crs-?p&ftégféxu.l.éee..écgawet :Bged@NahBSthat gRgef i1 M

| ayer 129 after *T efrovi n i
lines :wn oruer, “o te supstizuted for the shift
reg:xsters .3 and Z20. A clock signal CLX, a start

signal 2X and video s:gnals V1, V2 and V3 are supplied
34, 35 and 36 respectively of
uis 12 A clock signal CLY

in use o input termin
the source line drive circu
and a start signal °Y zre supplied to input terminals 37
and 38 respectively cf the gate line drive circuit 21.
The shift registers 12 and 20 shown in Figure 1
can be static or dynamic circuits composed of comple~
mentary TFTs, consisting of P type and N type TFTs, or
they can be dynamic cr static circuits composed of mono-
conductive TFTs. Given the periormance of a TFT as a
device, a static type of circuit composed of comple-
mentary TFTs is the cptimum one. Since a TFT for an
active matrix panel is generally formed on an insulating
substrate with poly-crystailine or amorphous silicon, a
smailer ON current and a larger OFF current are produced
han is the case with & metal oxide semi-~conductor field

T
effect transistor (hereinafter referred to as a MOSFET).
The reason for this is that the trap density existing in
a silicon thin £ilm is very high in comparison with that
in a mono-crystalline silicon whereby the carrier
mebility is low and re-combination of carriers at a P-N
sunction which is reverse biased occurs frequently. 1In
view of these characteristics of the TFT as a device, a
static shift register ccomposed of ccmplementary TFTs is
preferred generally and such a shift register is also
preferred for the following reasons:

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



mask material opening through holes formng a picture el enent el ectrode of
t ranspar ent conductive filmand formng a |line). . In the above
met hod of manufacture, if donor inpurities are substituted for acceptor
iTrpurities and acceptor inmpurities are. subst7tuted for the donor i mpurities
an N type TFT and P type TFTs are obtained instead. The TFTs thus obt ai ned
I nclude an N type TFT having donor inpurities inits source/drain region
and P type TFTs HaFing -Sot KSSHBPTERPUCHt iFeS “2RF aceep@&JTanHQ1ﬁ%§§ in
their source/drahBel @3 eR% BdahR@gkatikerehav-Ngeaaicghsr ‘GG CrFsian
than the former. This process is sét out in claim4 of the appende
cl ai ns. PROE L n ANAGRL hr ~&SpeCt CHE SN eMPSHB 0Aes an active
matri x panel conpgi)si ngh eaom ewr:enel eagne mahrice, swalidler shanunhed éan a
transparent substrate and whi.c udes plur, I|t ate lines, a
plurality of sour@B° rrnﬂguﬁhd’ﬁ ﬂagrﬁVPF?ldf SBreEur é%é fit s,

Tigure Z (a) shews a suitable circuit structure

l-.

{]

fer each of e shift registers 13 and 20 in Figure 1.
1

Inverters 41 and 42 :in gure 2 (a) consist of a P type
TFT 47 and an N type TFT 48 as shown in Figure 2 (b).
Further, clocked ianverters.43 and 46 in Figure 2 (a)
consist 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 CL is input to the gate of the P
type TFT 49, d*kew1se, clocked inverters 44 and 45 in

-
v
-

-

Figure Z (a) consist of P type TFTs 53, 54 and N type
TFTs 35, 6, respectively, as shown in Figure 2 (4).

The :inverted clock signal CL is input to the gate of the
N type TFT 56 and the clcck signal CL is input to the
gate of the P type TFT S3. An alternative possibility
is for a circuit made up cf an analog switch consisting
of an inverter 37, an N type TFT 58 and a P type TFT
59, as shown in Figure 2 (e), to be substituted for the
clocked inverters 43 and 46, and for a circuit made up
of an analog switch consisting of an inverter 60, an N
type TFT 61 and a P tyve TFT 62, as shown in Figure 2
(f), <o be substituted for the clocked inverters 44 and
4S.

As described above, it is very beneficial to
construct a drive circuit for an active matrix panel
from TFTs having a CHOS structure. However, the mere
applicaticn of a ccmplementary TFT integrated circuit in
the przor art has disadvantages as described below:

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



each of the picture elenents including a thin filmtransistor, 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 Iin% drive <circuit conprises a
plurality of conplementary thin filmtransistors provided on the
transparent subgpéater an@ iR §heypéhereosn! enensany shbsckat® isansi stor

Eﬁ conpri se an_N type ééyrltiLg% ?anslgtor inclgdiggcdogor inﬁurbt!es in

e source regrIP-afcPT9R 2RI ASPERET or ¢ heY bR +antr aC Bty PEPBABPAVE: | m

transi stor incladi ngzgfoiwrdif®icnlt eso afdinacaept Oype i TPDrandeani N tipe

P type thin fi1o8 CRA S o TR S TR erer -EEFEEn r Rt oR tRapeehBEidhor

inpurities in fdheERmyme & homplémenramgi S¥Drintegrated Sothcabtact i ve

matrix panel CPIP} ad\ﬁar}; %%Oeusfé’w baend 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
described below. . :

Figure 3 (a) is a section through a pair of
complementary TFTs for forming either the source line
drive circuit 12 or the gate line drive circuit 21 shown
in Figure 1, and Figure 3 (b) is a section through the
respective picture element 32 of Figure 1, which
inciudes a liquid crystal cell.

In Figure 3 (a), a P type TFT 99 and an N type

TFT 200 are formed on an insulating substrate 71 made of
glass, quartz crystal or the like. Silicon thin film
regqions 73, 76 are channel regions of the TFTs 99, 100
and silicen thin f£ilm 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 £ilm regions 75 and 77 are impurity doped to be N
type. Cate insulating f£film regions 78 and 79 are made
of "'siiicon oxide (for example Sioz), silicon nitride or
the like, and gate electrodes 80 and 81 are made of
poly-crystalline silicon. metal, metal silicide or the
like. The TFTs further comprise an insulating film
layer 82 made of silicon oxide (for example Sioz),
silicen nitride or the like, a line layer 83 made of
metal cr the like, an insulating film layer 84 made of
silicon oxide (for example Sibz), silicon nitride or



4 enployed in an electric 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, wth reference to the acconpanyi ng draw ngs,
i=n whi ch: Figure 1 is a circuit diggramof- an active matrix pane
enbodyi ng the present invention; Fidures 2 (a) to 2 (f) show

exanpl es of the detailed structure of a drive circuit shown in Figure 1
Figures 3 (a) aree3iikg.arendrdpAsfcidbnant hid0ghaYPEr®3- of the active
matrix panel shown in-figukerd:3 (3), JHHurSBefenrde A@mérdll)gé!lustrate
stages in the nethod of manufacturing an active matrix nel according to
the present inveiiichtes the §amg, Ashial g SRSERRWE nGt 13 PhFigiE& i stic
of a thin film3r@Enpj storpedgyry e dnierite= 1eyerdd®n94 ncows sy improfv t h t hat
of a nono-crystalline sillcon . s - R A < e .
transparent conductive £ilx made of ITO (indium tin
oxide) or the like, and a picture element TFT 101 being
eference numerals 87, 88 and 89
< 7

o regions which are formed from

formed thereon. Th
indicate silicon thin
the same layers as the regxons 72, 73, 74 and 75, 76,
77, the silicon thin film region 88 forming a channel
region and the silicon thin Zilm regions 87 and 89
forming source and drain resgions, 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
teing 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 Zilm region, which is formed
from the same layer as the gate insulating film regions
78 and 79, and the reference numeral 91 indicates a
gate electrode, which is formed from the same layer as
the gate electrodes 80 and 81. The reference numeral
92 indicates an insulating film region which is formed
from the same layer as cthe insulating film region 82,
the reference numeral 93 indicates a line layer, which
is formed from the same iayer as the line layer 83, and
the reference numeral 95 :indicates an insulating film
layer, which is formed f£rom the same layer as the
insulating film layer 84. A layer 96 of liquid crystal
is provided Letween the insulating f£ilm layer 95 and a
counter electrode 97, which includes a transparent
conductive f£ilm layer and which is provided on a
trénsparent substrate 98.

Accordingly, the source/drain region, the
channei region, the gate insulating film region and the



MOSFET,; Figure 6 is a diagramfor illustrating the terns "gate

| ength” and "rate wi dth"; Figure 7 is a cross sectional viewthrough
athin filmtransistor enployed in the invention show ng depletion | ayer

wi dth and filmthickness in a | ayer of silgﬁon thin film Fi gures 8,
9, 10 (a) and 10 (b) illustrate a first nodrfication of the active matrix
panel ; Fjager ederk qode ofd eBrh bF i9heuSiHTS & %H and orlP 3t i on of
the active matsieX GRARG icircuit RAVE o2 ded e sand) ¢1gimOfi i cati on of
the active rrat_'r"leiaﬁéne ez e I%ﬁrqﬁge%aWand ]f3 (l'g i]lustrate a
fourth nodifi CRYEES &5 (URe SALTASDPRCANG F2géons of the RIGEULE i || ystrates

a fifth modifigahear ofrt h@iacti veraki X RagelrFTs in the source line
drive circuit and the cate .ine drive circuit are
connected through the line layer 83, which is designed
=5 have a low sheet resistance (being formed, 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 film layer is made of ITO
and no :nsulating film layer is arranged therebetween,
through holes 102 and 103 cpenéd simultaneously can be
used for connecting the line layer 93 and the electrode
94 znd the silicon thin £ilm regions 87, 89 whereby the
manufacturing process can be simplified. In this case,
the aluminium and the ITO are processed in respective
etching solutions and the ITO'is formed for patterning
in the stage prior to the aluminium, taking advantage
of the factlthat the ITO is not soaked in the etching
solution for aluminium.

In Figure 3 (b), the insulating film layer 95
provides a capacitor for preventing application of a DC.
voltage to the liquid crystal layer 96 and the
capacitance value thereof snhould be large enough in
comparison with that of the picture element for this
purpose. Thus, the thickness of the layer 95 should
be a predetermined value (£for example, approximately
3000 Angstrcm) 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 film layer 85, which



5° Figures 15 (a) and 15 (b) illustrate a sixth nodification of the
active matri x panel; Figures 16 (a) and 16 (b) illustrate a seventh
modi fication of the active matrix panel; Figure 17 is a diagram
illustating a first application of the actile matrix panel; Figure 18
Is a diagramillustrating a second application of the active matrix panel;
and g Fi gurie E%sh%n@d?i:fdilﬂatvediaa@mrﬁk@zfesﬁn ZaQigere sy iax g:m;al )
according to the priaoqr art. Figure 1 shows a i t of the

i nventi on, mheE@F%rQﬁﬁﬁﬁﬂﬁﬁ§qﬁaﬁﬁQf XR8P LEr c@ﬁﬁF&@gggaig upbe line drive
circuit 12, amdeatenl)i ferdreinsarding wett-drcodiitiga pi Soor €osmaumgntthent ri x 22,
all being of c P argy t,al kde sem -Go t YGlauth ei n-
after referredggggggagqébts‘éﬁ?ﬁ%ﬁﬁ?ﬁ?qﬁadé“oF%S| %%o%EF%%% fi &?a%QQ?orned
on the sane tranfpaneatllsoetrr she. aTheveomaces ik subgtiragecanduithen2to

i ncl udes a shit I shar kg am | h¢UirheC@MIkAeSIi N thin
filn1transistor%m§§? IggagéiTge?ﬁ%?gFﬁgfte% ?%'eﬁﬁeg to_as TFIs) and video
si gnal buses 14ir¢siffd 16Hencghe §heepassivation film layer 83 is

made from a material such as polyimide or the like
processed with an ecching solution, in which the
insulacting film layer 84 is not soaked.

The method of manufacture for such a structure and
the characteristics of the complementary TFTs obtained
therefrom are described below. In a method of
manufacturing a CMOS integrated circuit utilising
ccnventional mono-crystallire silizon, at least four
photo processes are needed (a process for forming a low
concentration P well, a process for forming a P type
stopper layer, a process for forming the source/drain
regions of each P type MOSFET, and a process for
forming the source/drain regions of each N type MOSFET)
in ccmparison with a method of manufacturing an N type
MOSFET integrated circuit. Contrary to this, a
complementary TFT integrated circuit according to the
invention can be realised by adding no more than one
photo process as compared with a method of manufacture
for a mono-conductive TFT integrated circuit.

Figures 4 (a) to 4 (d) illustrate an example of
the main stages in a methcd of manufacturing the active
matrix panel according tc :he present invention. First,
as shown in Figure 4 (a), a desired pattern is formed
after accumulating a layer of silicon thin film over a
transparent insulating supstrate 110 and thereby forming
a channel region 111 of a P type TFT and channel regions
112 and 113 of N type TFTs. Next, gate insulating film



line drive circuit 21 includes a shift register 20, and it may al so include
a buffer 23 if occasion demands. The picture elenment matrix 22 includes a
plurality of source lines 26, 27, and 28 connected to the source line drive
cicuit 12, © a-plurality of gate lines 24 altl 25 connected to the gate line
drive circuit 21, and a plurality of picture elenents 32 and 33 forned at

i nter- sections. SPMIr cey A ate. | P C: | Igﬂg¥ﬁ 32, 33
i ncludes a TFT 2 1%‘2% a ‘iq‘u_‘l"dr%:hrcgs‘tlgq %:’Ee?l“%ﬁngd;\thl:s%ﬁhéc%‘%gpﬁges a pallcture_
el enent el ect r cRELEAREPORD PO Framigtade thaphu B 1depes it iaer a5id |ShAN @atey st al

material betweemdde-sd&Ltiodes1g add 150 possi & gnd®r other circuits, such
as a counter or a de-coder having . 6
the function of sel ecie¥fy t R SOAWe 4 FESWHRI 4 heP hat £CI8BTE i n or der,

to be substituteghfor-ide 3I0,ft for exampie coron, are implanted all

‘over the surface utilising ion implantation techniques.
implanted acceptor impurities in regions 121, 122 are
activated by subsequent heat treatment to form a P type
semi-conductor. Acceptor impurities are also added to
regions 123, 124, 125 and 126, which are to be the
source/drain regions of N type TFTs.

After this, as shown in Figure 4 (c¢), the P type
TFTs covered by a mask material such as photo resist
128, and donor impurities 127, such as phosphorus or
arsenic, are implanted elsewhere with a higher
concentration than that of the acceptor impurities 120.
Implanted donor impurities in the regions 123 to 126 are
activated by subsequent heat treatment. If the implant
dosage cf the acceptor ions is 1 x 10°® em ? and the
implant dosage of the donor ions is 3 x 10*° cm-z,
then the regions 123 to 126 contain the equivalent of an
implant dosage of the donor ions having a concentration
of 2 x 10 " cm °. In tnis way, source/drain regions
123 to 126 of the N type TFTs are formed. |

Subsequently, as shown in Figure 4 (d), an
insulating film layer 129 is accumulated after removing
mask material 128, chrougn holes are opened, a picture
element electrode 131 made of transparent conductive
film is formed and a line 130 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 thus produced. It is a matter of course that a P



fFegisters 13 and 20. A clock signal CLX, a start signal DX and vi deo
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 cl ock signal CLY
and a start signal DY are supplied to inpy? termnals 37 and 38" -
respectively of the gate line drive circurt 21. The shift registers
13 and 20 shown in Figure 1 can be static or dynamc circuits conposed of
conpl e- nent aroypEFRET chorsiSte mptfixP cayyed. aoach 4 tspenel piqduged.heyhean be

dynari ¢ o st aided, Gl 4 SIS 06N UG YEad il acediyan the

per f or mance of” FTas evice,  a static ty of circuit tonpo
conpl e- nent ariyPREESdes tire igm |smmc@n{dramslmqt.TF'ﬁﬂd)rN HYPCORLS matri x

panel is generallind %@# a@be@ld&%‘hloﬁff iR eSURS %dfr t%@%m@sy%a' line

or anorphous silicon,. a snaller carrent and a |arger current are
pr oduced than~h§1Fh§Qﬁ§ﬁ?Aﬁﬁﬂ1na'ﬁﬂﬂ&ﬂsoﬁméed§éﬁ QﬁﬂuﬂiﬁQﬁriﬁiﬂhﬁgeﬁfect

transi stor (henghRal (@ dete@aiabnl @hah #nMOBEERLr The reason for this is

that the trap dénsity existing in a silicon thin filmis very high in
conparison wi th that% ¥h8 ¥9YecPFOCassi RE IAPNEST TRkEreby tﬁ@“@irrler

nobility is | emwpaprdtiesCQrlyi azel gdbgticatetlersrahczedty Unpuranivhi ch is
reverse blaseg 8ccgr§*fhe%u%n Lx anhnaghnggi Egga%l g%%a&5%r|st|cs of the
TFT as a devi ¢8. igur P P

: 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 obtained instead. The TFTs

thus obtained include an N type TFT having donor

impurities in its source/drain region and P_type'TFTs
having both donor impurities and acceptor impurities in
their source/drain regions but the latter having a

higﬁér concentration that the former.

A complementary TFT integrated circuit can thus be
formed by adding the single photo process required to
Zorm the mask pattern 128 in Figqure 4 (c), as compared
with the method of manufacture for a mono-conductive TFT
integrated circuit. As a result, an active matrix
nanel with a cuilt-in drive circuit can be realised.
from an economical point of view, the above method of -
manufacture is an improvement, and it is not
inconvenient to form a mask pattern independently for
the ion implantation cf acceptor impurities and donor
impurities. Further, in the complementary TFT
integrated circuit manufactured by the aboée 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; Further, being
different from an 1ntegra£ed circuit made of mono-
crystalline silicon, no parasitic MOSFET is produced so



static shift register conposed of conplenmentary TFTs is preferred generally
and such a shift register is also preferred for the foll ow ng reasons: (1)
As. a TFT has a large OFF current, the operating voltage range, operating
frequency range, and operating tenperature pange of a dynamc circuit

consi sting of TFTs IS very smal | . (2) dtfve circuit needs to have a CMOS
structure hat a channel stopper does not Have aothezfQImeicnsunptlon

of current for raki r\qﬂwe beﬁr}eanlés q{ -Ié]ae'fsdufé]té”‘ge éhﬁ-lacgﬂt er|x

liquid crystal pan€e Wwhi Ow Ccurrent cons tio
current val ue TZpe BRFD hEViNg thadandest dharactamis Rl AR i RRIMES

shift registery complemdHtdty® iatlyratitdiVe St apg We (aéécﬁﬁéd?l ure

TFTs making use of the groups II tec VI semi-conductor
compounds 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 actuélly impossible to control and realise
both P 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
film for a MOS construction.

Accordingly, source/drain regions and a channel
region are made of silicon thin films. The carrier
mobilities of amorphous silicon thin f£ilm and of poly-
crystalline silicon thin film are shown in Table 1. As
shown by the Table, the poly-crystalline thin film is
the better for realising a complementary TFT integrated
circuit because characteristics of P type and of N type
semi-conductors can easily be made well balanced and the
current supply capacity of the TFT can be made larger.

TABLE 1

carrier mobility (cmz/v sec)

N type P type
= - -3
amorphous silicon 0.1 - 1 10 - 10
poly-crystalline silicon 5 - 350 5 - 50

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



or each of the shift registers 13 and 20 in Figure 1. |Inverters 41 and 42
in Figure 2 (a) consist of a Ptype TFT 47 and an N type TFT 48 as shown
in Figure 2 (b). Further, clocked inveﬁﬁprs 43 and 46 in Figure 2 (a)
consist of P type TFTs 49, 50 and of N type TFTs 51, 52, respectively, as-
shown in Figure 2 (c). A clock signal CL is input to the gate of the N
type TFT 52, ¥nuype TF¥hyeftedictorkg s ghatvéecbFciiti APuilt BABhe gate of

the P type TEI. 4 | L S cl L QVELL 8T SpddeandndScrap Figure 2
(a) consi st ofgiﬁ%@%e&#@!s%"m g‘%%e%%y%é TFTs 55,"_}?6, L6f§ecéive|y,
as shown in FQRSELY 19)DighhinisEFT ceRde ook S+orSPR[ERIP FLIR¥EECRo t he
gate of the N iype déto-Erpithlne!HCk: SoANSS €hatsthepON turremt gate of
the P type TFT 53. ] An allernaiévq' 9ssibjli;X s for 5- é% gggg up of
an anal og swi+¥ERhsi AT nghe AFRFIRAIE erS 572 LER T\f’t‘i}%@ #ﬁé and a P
type TFT 59,a agorsd«ueydta Fl e es 2 {icdn MOSHET subsFiguredSfis ahgraphocked
inverters 43 gnd 46, and for a cjrcuit, yade. u of .a . S\ tch
consi sting ofSBAVIE & (HABFLE LG y'p‘ggi'ﬁfl' %1‘“%‘%% gr%‘gglé%# 62, as
shown in Fi gurifl itor fNOSEET end ubstfidnaarefistitel 41 oekedl THVerade L4 and
85 it rorS SR AP YO Hn e/ Yk LN Wi Sh LRe SGhEE " Uerigen dr T Ve
circuit for anactive ratri’X panel

gate width and source/drain voltage VDS are the same.

The abscissa represents the voltage VGS based on the

source as the reference, and the ordinate represents

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 be formed with the optimum

dimensions. For instance, when an image is to be

displayed making use of an NTSC video signal, the TFT

29 for the picture element matrix should satisfy the

following equations within the entire temperature range

wherein the active matrix panel is used.

0.1 x C_ x R OFF1L >  1/60 (sec) ... (1)

5xC x RON1L .= 10 (p sec) .... o (2)

where C_ represents the total capacity of a picture
element: and R ON1 and R OFF1 represent ON resistance
and OFF resistance of the TFT, respectively. Egquation
(1) is a condition to be satisfied by all of the picture
elements 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



from TFTs having a CMOS structure. However, the nere application of a
conpl enentary TFT integrated circuit in the prior art has di sadvantages as
descri bed below (1) A nethod of production for integrating both a P '
8 type TFT and an N type TFT on the sanme débstrate is conplicated and
renders the overall circuit expensive. (2) It is difficult to forma P

Lot al " orbbigh 18 BeE ot AR RS TSRS S OO a2
type TFT and g N iype Jiik doy nedndisorenosidbe satysfdedibbyiallfof the
br esent | neur SHEERE CHSTRAS 40 T A or Fath o SrEnd o LR
havi ng di mensiopesratbnt {wiitiimy redretdaon Bs mw%w@we of a
v1deo signal can be written into a picture element if it
is satisfied. _
On the other hand, a TFT for forming a drive
circuit should satisfy the following equation within the
entire temperature range wherein the active matrix panel

is used.
XK x {C2RONZ + C3RON3) L 1728 ... (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, f is the
clock frequency of the shift register 13 or 20, and K
is a constant (K is approximately from 1.0 to 2.0, by
experience). According to the actual survey or
simulation performed, RON2 and RON3 of the TFT for
formang 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 f£.

For realising such low output resistance, the
gate length of the TFT for the drive circuit can be
formed as short as possible within the limits of the
breakdown voltage vpermitted. Further, TFTs for the sample and
hold 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



ngure 3 (a) is a section through a pair of conplenentary TFTs for form ng
either the source line drive circuit 12 or the aate line drive circuit 21
shown in Figure 1, and Figure 3 (b) is a s@ction through the respective
picture elenent 32 of Figure 1, which includes a liquid crystal cel

In Figure 3 (a), a P type TFT 99 and an N type TFT 100 are forned on an

i nsul ati ng subsi rate gatendengthgl dss, eqonrbz chesTaTser LheFhigkee 6i1icon
T O£/ add e 18cRLEaEN2RHCknk0]! 009: 8bn! D61 A7 T018%14300aR0M
silicon thin f regrons 7 are~source rainre g

The silicon trHQ1d|¢%¢m@gloﬁ§9¥2nah§°$nhareceﬁpnel§y9§§9eéeﬂﬁtbe P4t ype,
and the silicohd M nedtd M{®940Ngs75 and 77 are inpurity doped to be N
type. Gate insulating filmregions 78 and 79 are made of silicon oxide (for
exanple SiJerr]), siliconnitride or the like, and gate el ectrodes 80 and

81 are made of poly-crystalline silicofagrgetgal, netal suicide or the
| i ke. The TFTs further conprise an |nsufarrng-flln1layer 82 made of silicon

oxide (for exanple SiJerr]), silicon nitride or the like, a line | ayer
83 made of nEta+—ﬁ?—T+E?+1+ﬁ?—1ﬂT+TEﬂﬂ1ﬂ+T?rf++Tﬁ+15ﬁﬂ‘1ﬁf7ﬁﬂh?1ﬁ‘1ﬁ+1COﬂ
oxide (for exanple Sigerr]), silicon nitride,pf jeneth L (um) |
P type TFT ¥ type TFT
" TFT for picture element matrix 20.0
: TFT for shift register 4.0 5.5
TTT far sample and hold circuit 4,5

e

It is also possible to raise the current supply
capacity of a P type TFT and an N type TFT by
constructing the TFT such that the thickness of the
silicon thin film forming the channel region is smaller
than the maximum width of the depletion layer extending
over the surface of the silicon thin film.

The maximum width X = of the depletion layer of
a P type TFT made of silicon thin film and the maximum
width XwAx of the depletion layer of an N type TFT are
represented by the following equations, respectively.

= (2¢x2pFP) % x(qgxwD) P L. (4)

X,

SMA X

= (2,x27 )7 x(gxna) P L (5)

'z

NMA X

dielectric constant of silicon thin film, @ FP
represents a fermi function for a P type TFT, @ FN
represents a fermi function for an N type TFT, and ND

where g represents a unit electric charge, g¢is a



g the like, and a passivation filmlayer 85. n Figure 3 (b),
the reference nuneral 86 indicates the sane insulating substrate 71 as in
Figure 3 (a), a picture elenment el ectrode 94 consisting of transparent
conductive filmmade of ITO (indiumtin o %de) or the like, and a picture
el ement TFT 101 being fornmed thereon. The“reference nunerals 87, 88 and
89 indicate silicon thin filmregions which are forned from the sane
layers as the pR@i¥hsrepregent 7dquivayént 76ono¥ 7and hecseptoondensptiesm
and 89 for m neBour go- aamel PO AT b EBe S LLERD. | ) Pt o3 or,
The regi ons S7EUHVBLLRE AORPTIrARG aRGRREED dersitiggecare deteprined he
i mpurities in sycthe e@ddibry hef Nehd Neorfee: Asut NOSSs | el $6iakly | 1h tige M egi ons
72 and ' region, the density of the acceptor impurities and the
trap density acting as donor and acceptor. According to
- the present invention, the thickness of the silicon
thin film of the channel region.in a P type TFT and an N
. type TFT is formed to be smaller than either XPMAX or
Xomax " 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
iayer formed on the silicon thin film surface is
indicated by X.
The basic criteria for providing the preferred
drive circuit for an active matrix panel are thus
established as follows:- .
{1) Each drive circuit is given a static form composed
of complementary TFTs.
(2) A method of manufacture and a structure for a
complementary TFT integrated circuit are provided.
(3) The characteristics of the P type and of the N
type semi-conductors are made 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



74 or the regions 75 and 77. The reference nuneral 90 indicates a gate
insulating filmregion, which is formed fromthe sane |ayer as the gate
insulating filmregions 78 and 79, and the reference nuneral 91 indicates
a gate electrode, which is forned fromtige sane |ayer as the gate

el ectrodes 80 and 81. The reference nunmeral 92 indicates an insulating
filmregi on whi he sane he.insulating film
regi on 82, theE$% e?gﬁcggnﬁﬂe?ﬁF ~¥8 ?ﬁﬂ?cét@énﬁ*lrﬁ FAgWang mkb is

f or med fronrtheasame béyeachsof hehei certayer b88cksand Atbeureéelenee
numeral 95 i ndg Se @iy ul er h 's rmed fromthe
sane | ayer as ?ﬁf$§|%su ?ngé# Pgné’égl égy sAr?ggéa 5% %gquurd crystal
i s provided bezeripheny ¢ﬁsﬁ#%1a©g-?eImatayxrpﬂﬁehnﬂ&@ atotheetopl ectrode

97, which |ncIHQﬁ§ G L BSOS regg -**ngﬂgéégg f|1q1é@%g ?gdf¥ﬂﬁcg S

provided on a transparent substrat
source/ drai n MYl imAgehardrd a (pbit reeister 163ul a@rbigff¢t M &4gi on

and the a video signal bus 165 and a sample hold circuit 166 are
arranged one inside the other relative to the periphery
within the source line drive circuit 161. A gate line

drive circuit 167 (and/or 170) is formed at the left
(and/or the right) hand periphery of the active matrix
‘panel 160 and a shift register 168 and a buffer 169 are
‘arranged in order inwardly from the periphery within the
gate line drive circuit. A picture element matrix 171
is formed at the centre of the active matrix panel 160
for connection to the source line drive circuit 161
(162) and the gate line drive circuit 167 (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 practical use by the layout as described
above.

Further, a 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). 1In Figure 9
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 repeating
cells having a cell width D, while also employing the
layout :n Figure 8 makes effective use of the overall
space available. In Figure 9, the cells 196 to 198



:10 gate el ectrode of each of the TFTs 99 and 100 formng the drive circuit
are provided by the same thin filmlayers as the correspondi ng regi ons of
the picture elenent TFT 101. Further, t TFTs in the source line drive’
«circuit and the gate Iline drive circuit are connected through the |ine

| ayer 83, mhich I's designed to have a | ow sheet resistance (being forned,

for exanple, Ms{ R AHurSiith ﬁ&ﬁ,.a@g theali
e I|ne a

consi sting of the sane layer as

the picture elSOHERE feiti8 %aﬁam%t%rrégélteﬁ'@ntp%@b’d’é’%

er 83 provi i

itaver pd%
ﬁérce I|ne in
e 48 a

transparent CQBHH@%@@E1Hd'ﬁégiﬁﬁs %m%htéﬁxbloof sinichn thin wumm the line
| ayer 93 is nmgde of aHﬂg nlunlord?Iun1 si)icide and t he tra épnp
r
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respective etching the silicon thin film to form isolated areas
regardless of homo-polarity and hetero-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 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 number of elements 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 film of the N type TFT
alternately, utilising 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
positive power source line 199 and a negative power
source line 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 film with a boundary 208. Next, a contact with
the drain region is formed by a through hole 206 and an

output line 207 for the inverter is added.



etching solutions and the 1TOis forned for patterning in the stage prior
to the alum nium taking advantage of the fact that the ITOis not soaked
in the etching solution for alum nium 21 In Figure 3 (b), the
insulating filmlayer 95 provides a capacitor for preventing application of
a DC voltage to the liquid crystal |layer 96 and the capacitance val ue
thereof snould be | ary&eivd hodi CUARAGE UE Wi Inveintifort leonuedny e

I t f t hi he thick f the l Id b

2 prodet er ni nod AETAREEon Sh K BRE i SF S0 TG E e | ess.
On the ot her ha:rid‘,cuj.tthe TRESshdwnlGa dfigrire dr,i vehe somizces Hdoe idrivegure 3
(@) need to be et ¢d Jby ;&he B@iﬁ' %L, ¥h fd 'dEA DiYnaPbulldscN4 to 16 1S

de5|gned to havé™a |6kness ger than a
and a line (connected to bhe termlnal 34) for trans-

mitting at least a pair of relatively inverted clock
signals CL and CL for driving the shift register 13.

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

As shown in Figure 11 (a), the above described
clock noise may be reduced by a twisted arrangement for
the CL and CL lines. Figure 11 (a) illustrates a source
line drive circuit comprising 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 twaisted) at their centres
approximately. Hence, the average distance between the
CL line 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 result. the value for the stray capaci-
tance (CS1 + CS3) which is formed between the CL line
218 and the video signal bus 217 is made to be equal to
the value 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



;determ ned value (for exanple, approximately 1 mcron) for ensuring

wet - pr oof i ng. For forming the passivation filmlayer 85, it is nost
effective to forma filmall over the active matrix substrate and then to
sremove the filmexcept in the region of the drive circuits.- Hence, the

passivation filmlayer 85 is nade from#é material such as polyimde or the
| i ke processed with an etching solution, in which the insulating filmlayer

84 is not sOakeéthes %‘? %%gee%%qép)?%aé f[?&t Spbids St6 e e StFdi i and

the characterist] i , A FTs obtal ned therefromare
described bel o/#d9e |9 LhtFlRFlofs ik &diur iR &V TRV Ryr AR rcui t
utilising convejidmily, THIoEK Wdidld iddaed |16 Qhe abidesssidmal qiptbe
processes are needed (a .process for farmng | ow concentratiqQn P well, a
: 1 clepn ALePIaY
“process for fordfi PHAFRL Y W her sk HeRh D FHrf%hg the
source/drain regiomngef eairthdy,peNdOdiERndarct al jnes assy fow twilstedy t he
source/drain regions. of each N.t MOSEET) in conparison with a nethod of
manuf act uri ng g%rﬁsﬂﬁgq%sﬁf%‘#t%ggw&%i%ﬁy&%tom rary to this, a
conpl enentary TFT i ntaegudtret modiduica tdaenorod rihe adnventioerdeks ¢an be
real i sed by adgbng AR ARG Y UL G YRS Saigha 2 Mt hod
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), green (G) and blue (B), are
transmitted to the three video signal buses 231 to 233
and then the combination is changed by a single
‘horizontal scan. Since these three video signal buses
require a low resistance, a metal such as aluminium is
preferably used for each line. On the other hand, when
the structure of Figures 3 (a) . or 3 (b) which is
considered to be the most effective from an economical
point of view is adopted, the same material as that
employed for the gate electrodes 80 and 81, such as
poly-crystalline thin f£ilm, is used for lines 237 to
239 from the video signal buses to the sample hold
circuit. In this case, the sheet resistance of poly-
crystalline silicon thin film is much higher than the
resistance of the video signal buses, and the lengths
of the lines 237, 238 and 239 cannot be equal to each
other if 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



for a nono-conductive TFT integrated circuit. Figures 4 (a) to 4 (d)
illustrate an exanple of the main stages in a nethod of manufacturing the
active matrix panel according to the present invention. First, as shown in
Figure 4 (a), a desired pattern is formed after accunul ating a | ayer of
silicon thijh filmover a transparent insulating substrate 110 and t hereby
fornmi ng a thaniel pregenn isveotiank type TETeand3dhalAdl 2pdgiddfds are2 and
113 of N type TEIS, t .nagat e nsulati ' 3
12 -regions‘ff%?dliggénd"T%G é?ggfoF%%&g%?kgéghgrgtm?ﬁgrﬁgﬁalbffaation or
cheni cal vapowactepoberion, FandexpEplgat e 18| éénpoyadth W maygbe keptg are
formed. colS¥hne38ndNeHA 18l QUhGed EPbe BaeAPtane 2BRURD! 239 120,
for exanple boron, are i|nplanted al . .

aay e made equal, or =he iine length L of each line

may differ and the line width W may vary respectively

between the lines 237 to 239. _
- A fourth modification of the invention is directed
trowards 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 not fast enough to drive an
active matrix panel. 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.
in Figure 13 (a), a start signal DX and clock
signalé CL x 1 and CL x 1 are applied to a first shift
register 250 included in a source line drive circuit for
generating sampling pulses 252, 254 and so on. Further,
a start signal DX and clock signals CL x 2 and CL x 2
are applied to a second shift register 251 included in
cthe source line drive carcuit fpr 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 Vv, DX, CL x 1, CL x 1, CL X 2,
CL x 2, and the pulses 252 to 255 output from the 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 shift registers 250 and
251, wnich are driven by clock signals CL x 1 (cL x 1)
and CL z 2 (CL X 2) which are approximately 90° out of
phase. - When the source line drive circuit is provided



over the surface utilising ion inplantation techniques. |nplanted acceptor
Impurities in regions 121, 122 are activated by subsequent heat treatnent

tg forma P type sem -conductor. Acceptor inpurities are also added to
regions 123, 124, 125 and 126, which are t#%be the source/drain regions of
N type TFTs. After this, as showmn in Figure 4 (c), the P type TFTs
covered by a magkcRBhekuAbesUSNo8SsRROLO0 ~e@Sistlerksd, Ath @aAgt reBubktbires

127, such as phosphorus or._arsenjc, are_inpl anted el sewhere wit hi gher
concentration tﬁéﬁugﬁaFeoFrﬁﬁgnabgeBtS?SPﬁﬁurV i & slﬁﬁﬁﬂaﬁPgngSnor
inmpurities in thaveegednsld2l sogradb aheredhn vaecphasesullaggbgnappeeki-~
treat nent. | f e. i nmplant,.dosage of the_acc or. . ans i [erg]
cnferr] and them%ﬂ%+§nrggoé§ge of‘th%edeS%quﬁg Pg %“xxlg[épé]&gc%{grr],
then the regi onss128kén 426f¢ontheénsampléngi pallees @bS2amoi 2pbaaredosage of
t he donor ions | .C ' ; rr r I IS
way, source/dr£$%é£gas%n§g§§§ﬁ€géﬁgg %% fﬁ&éﬁﬁgégeO#Fizhgré$ B?heg?ﬁg
Subsequent |y, as¢idéowsigmaFiuie sapledaati hbel traidingl adgese2682%0i s
accunul ated aft r AV . at.ear i 1 ‘kh h,ho ened, a
pi cture elenent?% é@??é%%ngﬁﬁﬁﬁﬁg éﬁiéégnéggré%tngﬁdagtkgg %??ﬂ??s f or med
and a |ine 130 KRS o#6het@l 264 . t heA§ i keresult, sampling with a

frequency 4f is realised by means of shift registers
which are driven by a clock signal of frequency £, which
results in an effective compensation for the slow speed
of a shift register made up of TFTs. When the above
described source line drive circuit is provided with a
number N of shift registers, sampling with a frequency
2Nf can be realised by means of shift registers which
are driven by a clock signal of frequency f£.

A fifth modification of the invention provides
means ifor testing each odtput 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 video 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.



i§ f or med. 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

elsenent TFT of the matrix panel are thus produced. It is a matter of
course that a P T 25 13 type TFT for the
matri x panel can al so be produced. The TFTs thus obtained include a P

type TFT having acc impurities in its source/drain region aqg N type

t or ,
TFTs having both a%@ptt&sq PATH S CRRFAR &S M3 'es iThe t4RA
source/ drai n regiomis [R83 wd turdmed ON &y hay rf ahehitggmrineadn 284 réadn on

mpUr 1 es. 127 SSFAGORETARER £, ESHERh i AR fende, (R, (o)
and acceptor iJhdgr icongdtizm,ar ¢he shift register 280 is scanned after
' a predetermined test signal is supplied to the video

signal bus terminal 281. At this time, if a signal
which meets standard requirements is serially output at
the test output terminal 285, the result is considered
as "Good" and, if not, it is considered as "Poor".

For testing the gate line drive circuit, the shift
:egister 287 is likewise scanned when a predetermined
test signal is input. At this time, if a signal which
meets standard requirements is serially output at the
test output 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, ﬁhereas
in the prior art testing has been by visual observation
of a displayed test pattern. '

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

Figure 15 (a) illustrates the circuit of such a picture
element, and Figure 15 (b) is a cross section through-
“he picture element. As shown in Figure 15 (a), the
picture element comprises a TFT 302, which operates as-
a switch and which is connected to a source line 300 and
a gate line 301, a liquid crystal cell 303, a counter
electrode terminal 304, a metal oxide semi-conductor
capaciter 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
reglons 311 to 315, gate insulating film regions 316



substituted for the donor inpurities 127 in Figure 4 (c), an N type TFT
132 and P type TFTs 133, 134 as shown in Figure 4 (d) are obtained

i nst ead. The TFTs thus obtained include an N type TFT havi ng donor
inmpurities in its source/drain region aré P type TFTs having both donor

i mpurities and acceptor Impurities in their source/drain regions but the

| atter having a her concentratian_that, th .
conplenentarya?ET rgtegPéfgd geFﬁuPFeEan %h Pdrne 595358F%89the
si ngl e photo [Fiamesayeeqiiz0ed ao-ﬁQENLhyernﬁzk phuchrﬁorms anseugoee 4 (c),
s oAl e et NS e IR BB EAGRHEE vEOE: S 8H02E0R3Y kbt By TFT

i ntegrated ciréll Fr an-activé mati uilt-in
drive circuit oamee peatusedelEmentaaLecgnodeealapspﬁnter ¢legrrode above

TeUhod of MANYb3CLHESuksnANal FRRRKBARDR: ABfiabErtPenet1pngaPNRNl eafato form

a mask pattern”Tndepén e ron rnp Fantatton ctepfor
inpurities and HawWer Pﬁpb#quiésCIYsFéltméﬁerlﬁh gR&.compl enentary TFT

integrated circuit “ﬁ@uﬁﬁft§b§df8¥mé@eb?bEM§ g@ib?én Eﬁ&hcif@d'ﬁysﬁﬂ@raFed
in the formof an island on the_insulatfing strate 1 8 ?f that™ a specific
process for eFeRRRENSRpARALF3A ?gsnotc?%qEPgéﬂns 3Ehr 8B Being different

from an int egspdedd ehg Cthé @@dﬁc@?dﬁ@ﬂ@ 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
pfoviding 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 necessary 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 storage 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 applied to the gate
electrode 306 (319) of the MOS capacitor 305 so as to
turn the latter on for maintaining this condition. For
example, a positive potential in the case of an N type -
MOS capacitor or a negative potential in the case of a P
type MOS capacitor is appropraiate for this. Since a
gate :nsulating 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 film
-laver. This is very effective for economising on the
area employed by the storage capacitor. Therefore, it



crystalline silicon, no parasitic MOSFET is produced so
14 that a channel stopper does not have to be forned.

for

realising a P type TFT and an N type TFT havi ng bal anced

characteristics as required for a. conpl emeypjary integrated c
described. TFTs nmeking use of the groups Il to VI sem -conductor conmpounds
have been known in the art for a long tine. However, a conpl
maki ng use of ateeapesndosskbPleock@dutrorease rbe éEéﬁ'?éﬁlFéEﬁ°f%ﬁ L3

following two rgagogs: mattix panés, actually inpossible to control and
realise both P type and N type sem -conductors in the sem -

conpound. (2)

Next, a means

ircuit wll

ement ar%%TFT

conduct or

Itpls %ef?sH|T9¢%{ﬁ?a¥%P%oﬁ¥rb?eth@v?ﬂFé?$ai%P?EE4§xﬁP?he

sem - conduct or feEREOLAG @fdad hect IvellmdtAOx panel having a built-in

' drive circuit. Figure 16 (a) is a cross section through
an arrangement for the mounting, which features a
transparent substrate 330 wherein a picture element
matrix and a drive circuit composed of TFTs are formed,

a transparent substrate 331 wherein a counter

electrode

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 protective member 339. A
recess 336 in the mountlng substrate 335 adjacent the
aperture 340 is effective for ensuring a strong
connection by the wire 338. A shading member 337 is

advantageously provided over all or a part of

the

mounting substrate 335, and a further shading member
332 in the form of a strip surrounding a portion of the
picture element matrix is advantageously provided on the
transparent substrate 330 for improving the external
appearance of the active matrix panel when 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 type display device and a light source is
provided at its rear face, the leakage of unnecessary
light from the periphery of the picture element matrix
can be prevented and an improved external appearance is

be



filmfor a MOS construction. Accordi ngly, source/drain regions and a
channel region are nmade of silicon thin filns. The carrier nobilities of
armor phous silicon thin filmand of poly- crystalline silicon thin filmare
shown in Table 1. As shown by the Table, t28 poly-crystalline thin filmis
the better for realising a conplenentary TFT integrated circuit because
characteristi cspahiRetiype and of N type sem -conductors can easily be nade

wel | balanced and the,GULLR! SHPRLY SBPAELY 6Lt 8n ThT1E2RohepER e

| ar ger.
carrier bilin9sccn%eup]/v sec) N type

bol Jhcryatal line of | boomrst agplicghlonofOine inddpflon-ss WSl |\
descri bed a neafRCEBHRC| ke abinfer he %mx@mt%upmyeéaﬁcwya%fam EE)

especi al ly P types apflieo camera or the like. By integrating a drive
circuit made of compiementary TFTs with the picture
element matrix as described above, a small, inexpensive
and reliable active matrix panel having a low power
consumption and a high resolution density can be
obtained. As a result an EVF having the structure shown
in Figure 17 can be realised. This EVF 353 is connected
t0 an image sensing device 350, recording apparatus
352, and a video signal processing circuit 351 arranged
o0 supply a composite video signal on a line 362. The
IVF 353 comprises a cdrive circuit 354, including a '
chroma circuit, a synchronised timing signal formation
circuit, a liquid crystal panel driving signal
Zormation 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, polarisers 358 and 360, an
active matrix panel 359 accordlng to the invention and a
zens 361.

Such a structure offers the following benefits,

which have not been cbtained by an EVF employing a
conventional cathode ray tube.
(1) A colour EVF having an extremely high resolution
with a picture element spacing of 50 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, 1light weight, space saving
design of EVF can be realised. :



15 N type TFTs for formng a drive circuit as in the present invention.
As descri bed above, the trap density is high in a TFT made of silicon thin
filmwhich is not nono-crystalline silicon so that the ON current is small

and the OFF current is large in conparisogg¥dth a nono-crystalline silicon
MOSFET. Figure 5 is a graph showing a c acteristic 140 of a
nono-crystalline silicon MOSFET and a characteristic 141 of a TFT made of

silicon thin filmin the case in which the gate_len g ﬁ th_and
source/drain vol {dde VEBeaFB2PReOSarEe FHE GBBcFEsE F%pf ¥sCPRa®0ol t age

VGS based on theag@ue¢enas hbeelefiesegreinandithethedEVIRt dsr£patsests the
current | DS between tHi source and the drain. As shown by the graph, since
the ONOFF rati o®®fStHe®TFT is small, the TFT 29 for the picture el ement
matrix and the TFTs foRnovhethappiivationcist in2aandlouri displaye 1

respectively ShOHLQJQStBQ[”EQnW&ﬁfcﬁhghgpéégyUL matrix panel is employed
as a liquid crystal iight 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
neat 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 mirror 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 reflection dichroic mirror 373 strikes a green
light reflection dichroic mirror 375, and green light
(light having a wavelength of about 500 nm to 600 nm) is
reflected while the other light, that is red light
(light having a wavelength of about 600 nm and longer),
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



di nensi ons. For instance, when an inage is to be displayed nmaki ng use of
an NTSC video signal, the TFT 29 for the picture elenment matrix shoul d
satisfy the follow ng equations within the gnatire tenperature range wherein
the active matri x panel is used. 0.1 x C . x ROFFL [err] 1/ 60

(sec) .... (1) 5x C x RONL [Jerr] 10 ([err] sec) .... (2)
where C represegignahe teheh £8rBLuéy 9tea@nPhfbiureds! egnat aranth&énONl and R

- OFF1 repr esent resi stance and_OFF resi stance the TFT,..respectively.
Enoat | onl ey TnBRRT R By h AIEATOLE | BHSBY 3PP - of THE BHEREBEEL troni

in the matrix ponesmdsss ngs asdotshagropesdt that (aobliueglighti refbectbon 90%
~and more of the ol eotLl 6o £hALP% WS Igntr LLERD-LIER SAYeRES' S5 ELSTE™

: one another at right angles. The thus synthesised
colour :mage is magnified and projected onto a screen by
a projection lens 384. '

Such a structure offers the following benefits,
which have not been cbtained 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 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 matrix
panel of the invention permits a light display even if a
projection lens with a small aperture is utilised.

(3) Sood 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 dichroic mirrors and dichroic prisms.

The present invention, therefore, provides a

number of benefits and advantages.

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

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



16 hel d over for one field if it is satisfied. Equation (2) is a
writing condition to be satisfied by all of the picture elenents in the
matrix panel during a witing operation (wghting condition), and 99% and
nore of a video signal can be witten into a picture elenent if it is
satisfied. On the other hand, a TFT for formng a drive circuit
shoul d satisfy theegebkew ag—eﬂuﬁtwn:swhwehbecant|Ae beppsudtyra range

wh h a
erein the act|ye T8 Elysp 21%anei B, Efing & ghaténgéN%‘ég'é SPRELRY of

[err]
capacities of pOnmicoons 148d abesd 48an ncdi gotaifedalin EEBQIG&HCEK»B are

t he out put resL@{gﬂcgﬁeogngggtféﬁcked I nverter 43 and the.
{(2) The external dimension of the mounting substrate
of the matrix panel can be miniaturised so that a
display device employing a liquid crystal panel
according to the invention can be made smaller, thinner
and lighter.
(3) Since the step of attaching an external drive
integrated circuit is unnecessary, a low cost display
device can be obtained.
(4) Since the connection of an external drive
integraﬁed circuit is not required, 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 important feature, which makes the
application of the invention in an EVF for a video
camera and a portable image monitor feasible.

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



fnverter 41 of Figure 2 (a) respectlvely, f is the clock frequency of the
shift register 13 or 20, and Kis a constant (K is -approximately from1.0
to 2.0, by experience). According to the actual survey or sinulation
perforned RON2 and RON3 of the TFT for fqrmng the drive circuit should be
a tenth or less of RONL of a picture elengiit TFT in order to realise a
shift register with approximtely 2 MiZ of the clock frequency f. For
realising suchik@ynovbl4bnr %ﬁhshé'&ﬁe £ikBe aahesbeaghhponarhem‘ﬁﬁ"fzmest. he

drive circuit can be fornmed as short as po bl.e mn | e t he
br eakdown. vol t 4&& perﬁ14?§&erFaFYH89 aTh}g GrdFﬁél ngpégaﬁhengﬁgm§FKCU|t
17, 18 and 19 shewintRuBeguif thpesecbnd peler FFFakdumceydradge than the

TFTs f h hi f 13 h
pe shor ter t hanewhte ohnt haeraphgeve cpRpAtRcaFlIeT, TheeptatauT, UG,

of gate | engthcirendtTabhe:-2 shtmsined byampeeaddition 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 obtained. _

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 “hat 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
peneficial 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 be formed
within a defined pitch corresponding to the spacing 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 ci;cuit as shown



17 of the gate lengths for each of the TFTs. |In Figure 6, a gate
el ectrode 142 and a silicon thin film 143 making up a channel region
teget her define a gate length 144 and a gate wi dth 145.

TABLE 2 . Gat e | engt h L (w9

P type TFT N type TFT ~ TFT for Dicture element matrix

20. 0 TFT fornskjigurdeedisst@) and driven by thd signals as sBoWn in I
I's al so

TFT for sanple and hold _circuit N 4.5 |t
possibl e to. raFs8uFfe 13ulPdngligppFgmpling 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 large
enough, are employed.

Fifthly, by providing a test circuit for the
output of each drive circuit, checking the active
matrix panel, which has previously been carried out by
visual examination of a display test pattern, can be
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 picture element to hold the electric charge in each
picture element more steadily but without either
increasing the cost of production or decreasing the
aperture ratio. . '

Seventhly, the mounting stiucture as shown in
Figufes 16 (a) and 16 (b) not only improves the
connection strength and the reliability of the panel but

. also prevents the leakage of unnecessary light around
the periphery of the picture element matrix in the event

" that back lighting is used with the active matrix panel
of the invention to construct a transparent display

device. .
Finally, the application of the invention to the

particular display systems described has the following

advantages. _
" Firstly, effects which cannot be obtained by the

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



tapacity of a P type TFT and an N type TFT by constructing the TFT such
that the thickness of the silicon thin filmformng the channel region is
smal | er than the maxi mumwi dth of the depletion | ayer extending over the
surface of the silicon-thin film Theggaxi mumwi dth Xferr] of the
depletion layer of a P type TFT nmade of silicon thin filmand the maxi num
width Xerr] of the depletion |layer of an N type TFT are represented by
the fol |l owi ng egupt i oS, exesameely velgh resqbrrion ¢Qieu¥ |EWF qighla FP)[err]

ND : ... (4 X =
1 1 e <y bty 2 A0 Sl 168 e (2

[err]is a diel erdalisexbrisy arite ofsesidd can adnive imagrif panekrpihigh dfents a

ferm function Jor, faady Wit TWoiddy 1d: s ePrAgaer 3 {64 rBoesnction for
an N type TFT, #nd : T oEeess
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, for 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, 1light 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 employing 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 soO
that the registration of the three colours can be

achieved satisfactorily.



18 and NA represent equival ent donor and acceptor densities for the
channel regions, respectively. Further, equi val ent donor and acceptor
densities are determ ned by the density of the donor inpurities existing
'n 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 channel region in a P type
TFT and an N type TFT is forned to be | ler than either X err] or
X[err]. Figure 7 is a cross sectional view of a TFT where a depletion

| ayer is formed. An insulating substrate 146 carries a silicon thin film
region 147 - formng a channel region, and silicon thin filmregions 148,
149 form ng source/drain regions. A gggE%ASinsulating filmlayer 150 is
forned on the regions 147, 148 and 149, and a gate el ectrode 151 is

provi ded on the | ayer 150. The thickness of the silicon thin film

1. An active matrix panel comprising a picture elemént matrix (22), which is
mounted on a transparent substrate (71, 86) and which includes a plurality of gate lines
(24, 25), a plurality of source lines (26, 27, 28) and a plurality of picture elements (32,
33), each of the picture elements including a thin film transistor (29, 101), the active
matrix panel further comprising a gate line drive circuit (21) and a source line drive
circuit (12) and being 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 in that the
complementary thin film transistors comprise a P type thin film transistor including
acceptor impurities in the source region and the drain region thereof and an N type thin
film transistor including acceptor impurities and donor impurities in the source region
and the drain region thereof, the donor impurities in the N type thin film transistor
having a higher concentration than the acceptor impurities in the n type thin film

transistor.

2 An active matrix panel comprising 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 liﬂes (26,27,28)and a plurality' of picture élements (32,
33), each of the picture elements including a thin film transistor (29, 101), the active
matrix panel further comprising a gate line drive circuit (21) and a source line drive
circuit (12) and being 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

4710 56; 58, 59; 99, 100)_ provided on the transparent substrate and in that the

{0



Is indicated by tsi, and the width of the depletion |ayer fornmed on the
silicon thin filmsurface is indicated by x. The basic criteria for
peoviding the preferred drive circuit for an active matrix panel are thus
established as follows:- (1) Each drive circuit is given a static form
conposed of conplenmentary TFTs. (2) A nethod of manufacture and a
structure for a conplementary TFT integrad®d circuit are provided. (3) The
characteristics of the P type and of the N type sem -conductors are nmade to
be well balanced. (4) The TFT design is inproved so as to enhance the

capacity for drjving the | oad. | Various further Lnprovenenfs wll now
be descri be.(ppmpiemeng,lay fhip ﬁmMﬁOé%ﬁqwse@n;mm%ﬁm éﬁﬂ%ﬁ%’fm’m&n
active matr g S hpuritiss 108 Sourde gl Snd’the YPifi Tegion thereof and a P type thin film

transistor including donor impurities and acceptor impurities in the source region and the
drain region thereof, the acceptor impurities in the P type thin film transistor having a

higher concentration than the donor impurities in the P type thin film transistor.

3. A method of manufacturing a complementary TFT integrated circuit for an active
matrix panel comprising the steps of:

forming a desired pattern after accumuiating a layer of silicon thin film over a
transparent insulating substrate (110) thereby forming a channel region (111) of a P type
TFT and channel regions (112, 113) of N type TFTs; forming gate insulating film
regions (114, 115, 116) by means of thermal oxidation or chemical vapour deposition,
and then forming gate electrodes (117, 118, 119);

implanting acceptor impurities (120) over the surface utilising ion implantation
techniques in first regions (121, 122) and second regions (123, 124, 125 and 126) then;

| covering the P type TFT's by a masking material and implanting donor impurities

(127) elsewhere with a higher concentration than that of the acceptor impurities (120)
and activating implanted donor impurities in the first regions (121, 122) and second -
regions (123, 124, 125, 126) by subsequent heat treatment, thus forming source/drain
regions (123, 124, 125, 126) of P type and N type TFTs respectively, then;

accumulating an insulating film layer (129) after removing the mask material
(128) opening through holes, forming a picture element electrode (131) of transparent

conductive film and forming a line (130).

4, A method of manufacturing a complementary TFT integrated circuit for an active

matrix panel comprising the steps of:

] G T



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
Pottom as illustrated, in order to forma normal inmage, and a shift

regi ster 163, a buffer 164, a video signal bus 165 and a sanple hold
circuit 166 are arranged one inside the’g%her relative to the periphery
within the source line drive circuit 161. . A gate line drive circuit 167
(and/or 170) is fornmed at the left (and/or the right) hand periphery of
the active matrix panel 160 and a shift register 168 and a buffer 169 are

arranged in or derfo{'tﬂ?’l‘@rzfjbé’sirfea ?W%%pﬁcg%[%n\g 4 B?@, éfsiliconahin fillévedfal Ve

circuit. A picture el ement na I's formed at the centre -of the

active matri i i h Herétsy forMimOa chahnkl RioA(1YD ofianaNi t
161 (162) éﬁg?ﬁéﬂtgﬁ?@&ﬂgﬁ%bﬁﬁggﬂg ?f:étﬁlt{y 1671%70), nang:gli n(lpuP termnal s

ar e 1 ansm LB L T he. 0Py octi oua. nl cated
arrows 176 tigsuldting filinirrdgechs(Da4,€1 1621 1H)ebypeanisooft thermal oxidation or chemical
- vapour deposition, and then forming gate electrodes (117, 118, 119); '
implanting donor impurities (127) over the surface utilising ion implantation
techniques in first regions (121, 122) and second regions ( 123,_ 124, 125 and 126), then;
covering the N type TFTs by a masking material and implénting acceptor
impurities (120) elsewhere with a higher concentration than that of the donor impurities
(127) and activating implanted acceptor impurities in the first regions (121, 122) and the
second regions (123, 124, 125, 126) by subseduent heat treatmént, thus forming
source/drain regions ( 123, 124, 125, 126) of N type and P type TFTs respectively, then;
accumulating an insulating film layer (129) after removing the mask material

(128) opening through holes, forming a picture element electrode (131) of transparent

conductive film and forming a line (130).
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nost effective practical use by the |ayout as described above.

Further, a layout as shown in Figure 9 is utilised wwthin the source |ine
drive CIrCUIt and/or the gate line drive circuit for forming unit cells
Within a linited di mension equival ent to the .spacing between picture

el ements (or twi ce such spacing). In Figure 9 the cells 196 to 198 have a
width D corresponding to the spaci ng between picture elenents (or twce
such spacing). Arranging the drive circuit in repeating cells having a cel
width D, while also enploying the |ayout i3 Figure 8 nakes effective use of
the overall space available. In Figure 9, the cells 196 to 198

20 are shown surrounded by broken lines. A positive power source |ine
184 and a negative power. source line 1‘%&]33 grngA

ACTIVE MATRIX PANEL,

An active matrix panel comprises a picture element matrix (22), which is
mounted on a traﬁsparent substrate (71, 86j 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) and being characterised in that at least one of the géte 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 trahsparent substrate. The cdmplementary thin
film transistors comprise a P type thin film transistor including acceptor impurities in the
source region and the drain region thereof and an N type thin film transistor including
acceptor impurities and donor impurities in the source region and the drain region
thereof, the donor impurities in the N type thin film transistor having a higher

concentration than the acceptor impurities in the n type thin film transistor.
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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
aof silicon thin film form ng the source/drain and channel regions of an N
type TFT. The el enments of each TFT can be separated by etching the
silicon thin filmto formisolated areas regardless of hono-polarity and
hetero-polarity. There- fore, for instance/lh distance a between the
region 192 of silicon thin filmof 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 filmof titke P type TFT can be made
substan- tially equal to each¢ ther. Accordyng to the invention, the

nunber of el egents in the diregtion in whi a unlg/lCeII S repeated can
rthe P

be i ncreased
type TFT and ! ~Of— Sh|4-Con—t b+ A= - | =Bt e=N-typoq TFT
a|ternate|y.,d{|||s|ngt ristics—positively, I I n
order to incr rber of elenents further, the follomnng Fepns may
al so be enpl oyqd. Figure$ 10 (a) and 10 (b) illustrate an inverfer fconposed
of conpl ementandy ITFTs and torned betmﬁen a positive power source Jijne 199
and a negatlﬁé ram zam I
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Source |ine 200. In Figures 10 (a) and 10 (b), through holes 201 and 202
are provided for formng contact between a source region and a gate

el ectrode 203. At first, a P type region 204 and an N type region 205 are
provided in an isolated area of silicon thin filmwith .a boundary 208.

Next, a contact with the drain region is 2étied by a through hole 206 and
an output line 207 for the inverter is added. '

21 A second nodification of the ihwention conceﬁhs t he reduction of

clock noise in the source |ine drj cuit.- As_gaghu in Figure 1, the
provided with video?Si gnal buses 14 to 16

source line drive circuit 12 is
and a line (connected to thga3ter I nakc34 foggtrans-Cniftting at |east &

pair of relatively inverted ?Ioc

signal s ang [err] ffor driving the
shift register 13. ~. |
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The |ine shown connected to the terminal 34 is in fact a pair of lines and
if there is a difference between the stray capacitance fornmed between any
video signal bus and the CL line and that forned between the sanme 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 aline in the picture produced by

the active matri x panels. ' As shown in Figure 11 (a), the above

descri bed cl ock noise may be reduced by a tw sted arrangenent for the CL
and [err] lines. Figure 11 (a) illustrates ? sour ce line drive circuit
conprising a shift register having unit cePVd7210 to 213, a sanple hold
circuit conprising TFTs 214, 215, a picture elenent 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 di stance
between the CL Iine 218 and the video signal bus 217 and the average

di stance between the [err] line 219 and the video signal bus 217 are nade
to be approximately equal tof&ach other. As a res{f4", the value for the

stray capaci - tanc5,LCSl_i_C83yAMm4a+ﬂﬁsAHmrnEd’UéTﬁEEﬁ—TﬁE_Ei line 218 and
the video signal bus 217 is nade to be equal to

2
FIG3 ¢
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%t he value for the stray capacitance (CS2 + CS4) which is forned between the
CL line 219 and the video signal bus 217. Further, as shown in Figure 11
(b), the rising ' 22 edge of the clock
signal CL corresponds to the trailing edge of the clock signal CL, - and
vice versa. Conse- quently, clock noise added to the video signal can be
reduced sharply to realise a clear display in the picture. Further, the
CL and CL lines nay be twisted (cross oven) a plural nunber of tines.

A third modification of the invention séeld’ to make the resistance of the
connections to the sanple hold circuit uniform Figure 12 illustrates the
parts of a source line drive circuit such as the one shown in Figure 1,

i ncluding a shift register 230, video signal
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‘buses 231 to0.233, a sanple hold circuit conprising TFTs 234 to 236, and a

picture elenment matrix 240. Picture el enent signals corresponding,
to the primary colours red (R

Yransmitted to the three video signal buses 231 to 233 and then the

exanpl e,

conbi nation is changed by a single horizontal

vi deo signa

buses require a | ow resi stance,
preferably used for each line.

On t

scan.
a net al

green (G and blue (B),

for
are

Si nce these three
such as alumniumis

he,pf her hand, when the structure of

Figures 3 (a) or 3 (b) which is considered to be the nost effective from an

econoni ca

f or
circuit.

these lines are straight, whereb
to each
ude |ines.

also will not Q4

may be uneven gnd inc

lx::.—"—"“‘l5 all

l
-

ns

ey

poi nt of view is adopted,
the gate el ectrodes 80 and 81,

lines 237 to 239 fromthe video signal
In this case,
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23 the present
their

i nvention,
resi stances-are made equal

the lines 237, 238 and 239 are forned such that
to each other.

For exanple, the line

mndth W may be kept constant and the line length L of each Iine 237 to 239

‘may be made equal, or

the line length L of each line may differ and the -

line width Wmay vary respectively between the |ines 237 to 239. A

fourth nodification of the invention is
conmposed
performance of a TFT is inferior to the performance of
the speed of a shift

sl ow speed of a drive circuit
since the
nono-crystal line silicon MOSFET,

ted

§y towar ds increasing the
of * TFTs.

As shown in Figure 5,

regi ster made from

TFTs is not fast enough to drive ap active maggix panel. |In order to nake
up for this slow speed, the circult s e as shqup in Figure 13 (a)
and operation as shown in FiguredRAP) may be w+(ised.
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“n Figure 13 (a), a start signal DX and clock signals CL x 1 and CL x 1 are
applied to a first shift register 250 included in a source line drive
Circuit for generating sanpling pul ses 252, 254 and so on. Further, a start
S|gnal DX and cl ock signals CL x 2 and CL x 2 are applied to a second shift
regi ster 251 included in the source line7ddi’ve circuit for generating
sanpling 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 andygspurce lines 261 to 264

to a picture element matrix 260. " , CLx 1, CL x 1, CL x 2,
CL x 2, and the pulses 252 to 2 e shlfg 6eg|sters 250 and
251 are shown in Figure 13 ( ! ) - rirve circuit shown
in Figure 13 (a) is provided/r %Ee.LMD.sﬂL tCkEiZSO and 251,

whi ch are driven by clock si nd 2 (CL x.2) which
are approxi mately 90 out of pha}e Waen t@e sQurce ine drive circuit is

A

provi ded | > 143 ‘/
147 146
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24  with a nunber N of shift regi sters, each shift register should be
driven by a respective clock signal and the inverted clock signal wherein
tthe phases |l ag by approxi- nmately 180[err]/N If 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 V is sanpled at
the trailing edges 266 to 269 of the san@/hfy pul ses and is held at the
source lines 261 to 264. As a result, sanpling with a frequency 4f is
reali sed by neans of shift registers which e driven by a clock signal of
frequency f, which results in an, &f ectile'%zrrpensa,_t,i'% for the sl ow speed
of a shift register made.up"of”T‘l"—“I'stT-‘V\h'en’th[E"ab'mrE"qlescri bed source

line drive circuit is prew , rider s,

sanmpling with a frequency—-mmn—m‘[bﬁew shift registers
which are driven by a clLeck—sighal of f Yorlr o A fifth -
modi fication of the inveﬁ)?” Vi gies ’% ting] each output from
t he source |ine and gate:"%’ velieir - e 1t illustrates this

nodi fi cati on, which iq@[g'ud fofoele ; 194

=

| er 80

| 192

S 1.7 AYAI4 )
27~ 7
i .
WZ{Z}Z I%EW///// 7 L 141

— = D=
)
7

L 190

= R T

N
\

. — . e e a—

195

""',(\.’lgs

T
.__‘-- ;—l:-——
|
[
)
]
i
A I Wy T

—

~
Y

~~
[t

)

-~

S avevay.v: D4
I
B

X (\(‘/E
{

REPLACED

This Sheet Has Been Rer

laced = _
l" I , ,m" I l, I, | THIS SHEET HAS BEEN




g :
part of the source line drive circuit, a video signal bus termnal 281, a
sanple and hold circuit conprising a TFT 282, a source line drive test
c¥rcuit 283, a control termnal for the test circuit 283, -a test signa
output termnal 285 and a source line 286. A respective test circuit 283 is
added to each source |line 286. Likew se, a shift register 287 form ng 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 gated ! Re drive circuit to a picture
Ult

el ement matrix 292. A respective test cifr 288 is added to each gate
line 291. The test circuits
operate as follows: the,test 18 a
. bl =2 i 224
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Circuit 283 is turned ON by way of the ternminal 284 for testing operation
of the source line drive circuit. In this condition, the shift register
280 is scanned after a predetermned test signal is supplied to the video
signal bus termnal 281. At this time, 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 circuit, q% glft regi ster 287 is

| i kew se scanned when a predeterm ned test glgnal is input. At this tine,
if a signal which neets standard requirenents is serially output at the-
test output termnal 290, the gate line drive circuit 1is considered as
"Good" and, if not, it is considered as "Poor". In this way,

el ectrical testing of an active matrix panel, can be done automatically,
whereas in the prior art testing has been by visual observation of a

di spl ayed test pattern. A si-xth nodification of the invention
i nvol ves providing a storage capacitor in a picture element wthout an
addi ti onal process during manufacture. Figure 15 (a) illustrates the

circuit of such a picture elenent, and Figure 15 (b) is a cross section
t hrough the picture eLgnent. As shown in Figure 15 (a), the
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o
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 t herebetween silicon thin filmregions 311 to
315, gate insulating filmregions 316 11/17

26 and 317. gate electrodes 318 and 319, an insulating film ayer 320,

a line layer 321 whi ¢hxfams-a source |ine, a transparent conductive film
| ayer 322 which forms a picfure element electrode, a counter. el ectrode
323 including a traf&xdr eefTauct Ty, Trrmrayer,  and YETayer—gf liquid

crystal material 3257"'~———-
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«The TFT 302 formed by the portion indicated by the reference nuneral 326,
the regions 311 and 313 providing the source/drain regions thereof and the
region 312 fornming the channel region. The MOS capacitor 305 is forned 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

form ng the channel region thereof. As shown clearly in Figure 15
(b), since the MOS capacitor 305 has entgégl t he sane cross sectional
structure as the TFT 302, it is not nece to add any special extra
manuf acturing 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 inversion

| ayer, is fornmed at the region 314. A predeterm ned voltage 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 condition. For exanple, a positive
potential in the case of an N type MOS capacitor or a negative potential in

the case of a P type MOS capacitor is appropriate for this. Since a gate
insulating filmis normally formed to be extrenely thin, a storage
capaci tor produced as described above : >3
22!
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«can be fromfive to ten tines as |large as a storage capacitor making use of

a conventi onal

_econom sing on the area enployed by the storage capacitor.
i ncrease the aperture ratio of the active matrix

v27
panel .

of an active matrix panel
is a cross section through

becones possible to
A last nodification of thelddddntion concerns the
having a built-in

an arrange

i nsulating filmlayer.

This is very effective for
Therefore, it
mount i ng
Figure 16 (a)
whi ch features

drive circuit.
‘Pt for the nounting,
matri x and a drive

a transparent substrate 330 whereilp cture el egeht
circuit conposed of TFTs are formed, a transparemf substrate 331 wherein a
counter electrode is forned, a-segfti ! ; i1ling of liquid
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‘crystal material 333, a nounting substrate 335 having an aperture 340, a
wire 338 nade of a netal such as gold or alumnium and a protective
Jrenmber 339. A recess 336 in the nmounting substrate 335 adjacent the
aperture 340 is-effective for ensuring a strong connection by the wire
338. A shadi ng nenber 337 is advantageously provided over all or a part
of the nounting substrate 335, and a fur ng shadi ng nenber 332 in the
formof a strip surrounding a portion of picture element matrix is
advant ageously provided on the transparent substrate 330 for inproving the
external appearance of the active matrix panel when used as a display
device. Figure 16 (b) is a plan view of the arrangenent show ng the
picture elenment matrix 341 supported by th untigg substrate 335 over
the aperture, which is indicated bys#he do i%ed |I2p 342. 22 Since the
stress on the wire 338 is uni formw/th thi-d arrangdmedith the sstrength of

the connection is inpr d. Furth t", wher! t he actfw;?/ L aneéy%n
accordance with thi =54 P upAN 3 S a0y on )
di spl ay device angs \ 46;(;g/bf/iy9id/gvéq ke AACK, the | eakage
of unnecessary |4 qer)pnery of thefpic rq* Natri x can
-be prevented angl an |npr ed nal appearanke i !
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£28 obt ai ned. Two applications of the invention will now be
-descri bed. A first application of the invention is in-an electric
View finder (Hereinafter referred to as an EVF) of a video canera or the
like. By integrating a drive circuit made of conplenentary TFTs with the .
picture element matrix as described above, a small, inexpensive and
reliable active matri x 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 reagﬁmﬂl This EVF 353 i s connected
to an i mage sensi ng device 350, recording apparatus 352, and a video
signal processing circuit 351 arranged to supply a conposite video signha

on a line 362. The
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&EVF 353 conprises a drive circuit 354, including a chroma circuit, a
-synchronised timng signal formation <circuit, a liquid crystal panel
driving signal formation circuit, a power source and a back Iight driving:
circuit. The EVF further conprises a |light source 356 for providing the
back light, a reflector 355, a diffuser 357, polarisers 358 and 360, an
active matrix panel 359 according to the invention and a |ens 361.

Such a structure offers the follow ng benefits, which have not been
obt ai ned by an EVF enpl oyi ng a conventi onal cathode ray tube. (1) A colour
EVF having an extrenely high resol uti od6é/ilt’h a picture el enent spacing of
50 microns and |l ess can be produced if the active matrix panel is provided
with a colour filter. Low power consunption is also pronoted. (2) An
extrenely small, |ight weight, space saving design of EVF can be realised.

U301
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29 (3) The shape of the EVF can be nore freely chosen,
s:novel design in whic¢h 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 crystal |ight valve. Figure 18 is a plan

vi ew of such a col our display projector. VWhite light emtted froma I|ight
source 370, such as a halogen lanp, is condensed by a parabolic mrror 371
and is filtered to cut out heat rays inivjg7infra-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
transmtted therethrough. The reflected blue light is dirgécted by a
reflection mrror 374 into a blue light mytulation liqui/d crystal Iight

and even a
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val ve 378. The light transmtted through the blue |ight
mrror 373 strikes a green light

Fight (light having a wavel ength of about 500 nmto 600 nm) is reflected
while the other light, that is red light (lLight having a wavel ength of

about 600 nm and | onger),

is transmtted therethrough. The reflected gree

| ight enters a green |ight nodulation liquid crystal light valve 379. The
red light transmitted through the green light reflection dichroic mirror
375 is directed by reflection mrrors 376 and 377 into a red |ight

val ve 380. 3g The blue light, green |ight and
red |ight are nodulated 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 -

nmodul ation liquid crystal

ABSTRACT

ACTIVE MATRIX PANEL

An active matrix panel comprises a picture element matrix (22), which is

mounted on a transparent substrate (71, 86) and which includes a plurality of gate lines

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

33). Each of the picture elements includes a thin film transistor (29, 101). The active

matrix panel further includes a gate lme drive circuit (21) and a source line drive cu'cuxt

(12) and being characterised in that at least one of the gate lme 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.” The complementary thin

film transistors comprise a P type thin film transistor including acceptor imphﬁties in the

- source region and the drain region thereof and an N type thin fiim transistor including

acceptor impurities and donor impurities in the source region and the drain region

thereof, the donor impurities in the N type thin film transistor having a higher

concentration than the acceptor impurities in the n type thin film transistor._

Figure 1
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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 blue
It ght reflection surface 381 and a red light reflection surface 382 cross
one anot her at right angles. The thus synthesised colour inage is

magni fi ed and projected onto a screen by a projection |ens 384.

Such a structure offers the follow ng benefits, which have not been
obt ai ned by a col our display projector enpl/ayi ng a conventional cathode ray
tube as a projection tube. (1) A projection lens with a small aperture can
be used for the projection | ens 384 because the liquid crystal |ight valve
can be nmade smal |l er and of higher resolution tjfan is possible with a

cat hode ray tube. Therefore, small, ligh melght nd i nexpensive

proj ector cqn be realised. (2).zHaving a high aper Fg ratio, the active
ITB.tI'IX pa of Thpln\lpnflnn’nprmfcnl ght rh&nl_aé‘_gug_n__‘_f_a__p.m ection
lens with a sfl|_aperture_j-& ut_J Lsed. _(3)_@Qﬁjeg|_sUa1|_on_,gf the three

col ours C%BEbe obtalned bedause t-he optical axes of the red reqn and
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blue Iight valves are fully aligned relative to each other by the dichroic
mrrors and dichroic prisns. The present invention, therefore,

provi des a nunber of benefits and advant ages. Firstly, the follow ng
advant ages can be obtained by formng the gate |ine/source line drive
circuit nade of conplenentary TFTs on the sanme transparent substrate as the
picture elenment matrix in accordance\Mti}}fp i nvention. (1) In the prior
art, the degree of resolution is |limted by the nmounting of the drive
integrated circuit. This limtationisr ved by thé_&@th-in drive

31 integrated circuit of the invenid ~a liquid crystal:
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500 microns and | ess can be obtained in accordance wth the invention.

(2). The external dinmension of the nounting substrate of the matrix panel
can be miniaturised so that a display device enploying a liquid crystal
panel according to the invention can be made snaller, thinner and
l'ighter. (3) Since the step of attaching an external drive integrated
circuit is unnecessary, a |low cost display device can be obtained. (4)
Since the connection of an external drive integrated circuit is not
required, the reliability of the display device can be inproved. (5)

The | ow current consunption which is an intrinsic feature of the present
active matrix panel obtained by formng the drive circuit with

conpl enentary TFTs results in low current 8dh3unption in the whol e display

devi ce. This is an inportant feature, which nakes the application of
the invention in an EVF for a video canera and a portable inmage nonitor
f easi bl e. Secondly, not only is | ow power consunption achi eved but

al so the vol tage range and operating frequency range can be extended by the
use of conplenmentary TFTs anga circuit structure with a static
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type of shift register. A TFT has a high OFF current characteristic as
-shown in Figure 5 and the tenperature dependency of the OFF current is also
l'arge. This defect of the TFT is conpensated by a static type of shift

regi ster, and so the voltage range and frequency range can be expanded.
Thirdly, due to the structure wherein first polar |npur|t|es are included
inthe first polar TFT source/ 32

drain region and both first and second polar inpurities, with the latter
havi ng a higher density than the - former, are included in the second pol ar
TFT source/drain region, an |nexpen5|ve4¢bﬁplenentary TFT |ntegrated
circuit can be obtained by the addition of a single
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photo process to the conventional process for manu- facturing a known

nono- conductive type TFT. Further, P type and N type TFTs with wel| :
bal anced performances can thus be obtai ned. Four tpaty RRENS
forns the drive circuit is formed to be shorter than t eﬁ‘%ﬁA [
forms the picture elenment matrix, so that the actuating qpeed of the, dri
circuit can be inproved and the witing and hol di ng of cqg AUBH _ '

Further, the various nodifications of t i nvention desgr ovi fle
the follow ng beneficial effects. -3 Irstly, the paftern | ayg G
shown in Figures 8, 9, 10 (a) and 10 (b) enhances the arfangenent within
the drive circuit(s) so that unit cells can be forned within a defined

pitch corresponding to the spacing of the picture el enents. Secondl vy,
clock noise in the vfkdeo signals can be renoved to the point of rendering
any correspondi ng smgvenness or un ted line in t®¢ picture dis ed
bel ow the | evel of sibility. =~ =] Thirdly, the Tqsistances of

nn i on h I nd hol d jcl rcui r ni f orm al on h
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source line so that the witing |evel of the display signal to all the
source lines is rendered uniform which avoids unevenness in the formof a
line in the picture display. 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 systemof N shift registers

whi ch are driven by a clock signal having-a frequency f. Therefore, an
active matrix panel having a built-in de/¥& circuit of high resolution can
be obtai ned even when TFTs, whose ON current is not necessarily |large
enough, are enpl oyed. Fifthly, by providing a test circuit for the
out put of - each drive circuit, cheqﬁ¥ng t he acﬁkye ' '

(0*H ..
" » B |

L Ves
— |0 0 10 28

142
M =
P —— D
. \
W2~ s )

REPLACEMENT SHEET |

16 AUG 1996




matri x panel, which has previously been carried out by visual exam nation
of a display test pattern, can be carried out electrically and

aut omati cal | y. Sixthly, the structure for a storage capacitor as
shown in Figures 15 (a) and 15 (b) may be enployed in each picture el enent
to hold the electric charge in each picture elenment nore steadily but

wi t hout either increasing the cost of prq(}li(-;-t,i on or decreasing the aperture
ratio. Sevent hly, the nmounting structure as shown in Figures 16 (a)
and 16 (b) not only inproves the connection strength-gnd the reliability of
t he panel but al so prevents the eakfnece cdb} | i ght around the
peri phery of the picture el ement KXpXRKKPOXKPOEEVEnt that back lighting is
used with the active matrix pah "“-‘m&‘*‘*’-‘*¢“’*’-"z o4 ddst ruct a
transparent display devi ce. g
|44 ng advant ages.

to the particular display sy
Firstly, effects which cann e of*=er~tonventi onal
i cation of the

cathode ray tube in an EVF can
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34 (1) An extremely high resolution colour EVF with a picture el enent
spacing cf 50 mcrons or |less 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 snmall and |ight weight EVF can be
realised in a space saving manner. (3) The shape of the EVF can be

sel ected nore freely so that a novel design, for exanple a flat EVF, can be
provi ded. Secondly, effects which ggmpt be obtained by the use of a
conventional cathode ray tube can.be obtained by the application of the

I nvention to a col our display _ :
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projector. (1) Since the liquid crystal valve can be nade smaller and of
hi gher resolution than in the case of the cathode ray tube, a projection

lens with a snall aperture can be used. Therefore, a small, |ight weight
and i nexpensive col our display projector can be realised.. (2) Due to the
hi gh aperture ratio of the active matrix panel, |ight .display can be

obt ai ned even with a projection lens with a small aperture. (3) Unlike the
proj ection tube enploying the cathode ray tube, the optical axes of the

|l ight valves for each colour, nanely red, green and blue, can be nmade to
coincide by the dichroic mrrors and dichrqgic prisns so that the

regi stration of the three colours can be alitdved sati sfactorily.
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35 - . CLAIMS 1. An ‘active
matri x panel conprising a picture elenment matrix (22), which is nounted on
a transparent substrate (71, 86) and which includes a plurality of gate
lines (24, 25), a plurality of source lines (26, 27, 28) and a plurality
of picture elenents (32, 33); each of the picture elenents including a
thin filmtransistor (29, 101), the active matrix panel further conprising
a gate line drive circuit (21) and a source line drive circuit (12) and
being characterised in that at | east one of the gate line drive circuit and
the source line drive circuit conprises al§l/difality of conplenentary thin
filmtransistors (47 to 56; 58, 59; 99, 100) provided on-the transparent
substrate, and in that the conplenentary thin filmtransistors conprise a
P type thin filmtransistor including
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acceptor

t han the acceptor
An active -matrix panel

nounted on a transparent substrate (71, 86) and which i
of gate lines (24, 25),
plurality of picture elements (32, 33),
Ht r@nsi, st or

including a thin fil

circuit (12) and bejuwm
drive circuit and t
conpl ementary thin T1%t

t he transparent suhguha.g and |
CLA 2 ~ Ot _|

DX
CLx 1

LLx2

CL X4
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I mpurities in the source region and the drain region thereof and .
an N type thin filmtransistor including acceptor inpurities and _donor
impurities in the source region ‘

impurities in the Ntype thin filmtransistor

and the drain region t

(RAC rm@f@ae@r

havi ng a I on
impurities in the n type thin film t
conprising a picture el enent mat S

a plurality of sawy/ag lines (26
each of the pic
(29, 101), the active

0
ure elenents
matri x panél
further conprising a gate line drive CIrCUIt (21) and a source line drive
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36 _ conplenentary thin filmtransistors conprise an N type thin film
transi stor including donor inpuritiés in the source region and the drain
region thereof and a P type thin film transistor i.ncluding donor
inmpurities and acceptor inpurities in the source region and the drain
region thereof, the acceptor inpurities in the P type thin filmtransistor
havi ng a hi gher concentration than the donor inpurities in the P type

thin filmtransistor. 3. A et hod of manufacturing a conpl enentary
TFT integrated circuit for an active matrix panel conprising the steps
of : - formng a desired pattern aft®2/agcunul ating a | ayer of sili-con

thin filmover a transparent insulating substrate (110) thereby formng a
channel region (111) of a P type

N
% [ =
b L GO Ve —
© J;agéuzé
249 ~— ‘ s 25
| T~~~ 7™~ 7 .
ik > :
| beg i Page 2
251 )~ l : r\’ E iL
. 1 1 I
D l
I }
Ll e e e e e et e ————d

S R.EPLACEMEN'T SHEET

16 AUG 196




TFT and channel regions (112, 113) of N type TFTs; form ng gate insulating
film regions (114, 115, 116) by neans of thermal oxidation or chem cal
vapour deposition, and then form ng gate electrodes (117, 118, 119);

i nplanting acceptor inpurities (120) over the surface utfi
i npl antation techniques in first reglons (121, 122) and i

(123, 124, 125 and, 126) then; g the P tyde{TFTs by a mas iwg
mat eri al and |nplant|ng donor |npur|t|es %1&?) elsemherq i thGAUG §9b
concentration than that of the acceptor inpurities (120) nd activating
i npl ant ed donor inpurities in the flrs% ppegions (121, 122)an

regions (123, 124, 125, 126) by sutseﬁueﬁf heat tr men thus forming.
source/drain regions (123, 124, 12 126) of P e and N type TFTs

. _ v . .
respectively, then; accumufating an insulating filmlayer (129)
after renoving the nmask material (128)~8pening through holes, formng a
pi ctture el enent el ectrode (131) of [Transparept conagctive filmand form ng
a line (130). 4, A method of pamgactur|ng a cqnplenentary TFT
integrated circuit for an active nmptrrx pa correrj,Qgg(pgwe steps of:
g o
205
R
300
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37 formng a desired pattern after accunulatlng a |layer of silicon
thin filmover a transparent insulating substrate (110) thereby forntng a

channel region (111) of an N type TFT (132) and channef® R3)
of P type TFTs (133, 134); formng gate insulating fil b,
116) by means of thermal oxidation or chem cal vapour Hepostturt—and } hen
form ng gate electrodes (117, 118, 119); I mpl ang i g %9@@@ 9
impurities (127) over the surface utilising ion inplantgt OH Hﬁ'aues n
first regions (121, 122) and second regi Qasy 17123, 124, [2b-and.l2C)memddabn
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covering the N type TFTs by a masking material and inplanting acceptor

i mpurities (120) el sewhere with a higher concentration than that of the
donor inpurities (127) and activating inplanted acceptor inpurities in the
first regions (121, 122) and the second regions (123, 124, 125, 126) by
subsequent heat treatnment, thus formng source/drain regions (123, 124,
125, 126) of N type and P type TFTs respectively, then;

accurrul ating an insulating filmlayer (129) after renoving the mask
material (128) opening through holes, formng a picture elenent el ectrode
(131) of transparent conductive filn1a?g/{$rning a line (130).
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