TITLE OF THE INVENTION 1 DI SPLAY DEVI CE AﬁTﬁﬂ‘@e&f oplbbdd E AR | RS

-The present invention relates to a seniconducto a liquil@osts
crystal displiay, and in particular, it'relates t or el enment
stuitable for use as a thin fil:m sem conduct or t|ve matri x
addressing type I'iquid crystal_display using the sanme. As display devices
for displaying image information 10 . and aracters for use in the field

of office automation’e ment and the |ike, active[H /‘\

i quid cryst afIFLEp Ioé'yg'lﬁg ION i |'mtransistors ﬁg é\g 1 ed
to as TFT) have been known. For thIS tg e_of conven |ona crysk al

di splays, further inptd@EHPnCRYETAL Dl g@@ﬁlution and hi gh quallty of

di spl-ay as well as cost reduction.in manufacture are necessary. In order to
sol ve these pPAGIKGROUND OFs THES INVENFIOMt to inprove the perfornance of
the thin filmtransistor which is a key device to the active mat

addr essing |iquid cry@%&lPEﬁsenGiéﬁﬁ iop,redadesc o @ SEMiRAD sed in

t he Conference
5 element and a liquid crystal display, and in partlcular, 1t

relates to a semiconductor element suitable for use as a thin
film semiconductor element and an active matrix addressing
type liquid crystal display using the same.
As display devices for displaying image information
10 and characters for use in the field of office automation
equipment and the like, active matrix addressing liquid
crystal displays using thin film transistors (hereinafter

. _ referred to as TFT) have been known. For this type of
conventional 1iquid crystal displays, further improvements

15 in resolution and high quality of display as well as cost
réduction in manufacture are necessary. Iﬁ order to solve
these problems, it is most important to improve the
performance of the thin film transistor which is a key
device to the active matrix addressing liquid cfiStal_

20 displays. In this regard, it was proposed in the Conference
Record:of International Display Research Conference 1985,
pége 9, a concept of forming advanced high performance .
TFTs on a glass substrate, in which peripheral drive
circuits for driving a TFT active matrix are fabricated

25 using TETs and integrated with its display unit on the same
substrate so as to.;educe the cost of manufacture. With

provision of the advanced high performance peripheral drive



Record of International D splay Research Conference 1985, page 9, a concept
of form ng advanced hi gh performance TFTs on a gl ass substrate, in which
peripheral drive circuits for driving a TFT active matrix are fabricated 25
using TFTs and integrated with its display unit on the same substrate so as
to reduce the cost of manufacture. Wth prq¥ision of the advanced high

per f or mance peripheral drive 2 circuits ntegrated on the gl ass

rocese can’ bELECHIER él*fre%%' Bi e SRk, SR SRR SRS bost
g?pcgftgxpggbed Fbmev |n Ord%ﬁﬁi&?&ﬁPVI thedgégga§ nEjﬁlerformamce
Sl Linr?ﬁzlre.e%gf %r%?lé%» ef?‘f%vo?%ua%% 10 re et Y e, Padheditty
prom sing TFT%O%%'%%%!%ef%&pe %e41 However, in order to provide the high
5 performance circuits, development of a more improved,
sophisticated high performance TFT is required. In
éarticular, TFTs which are formed on polycrystaliine
silicon (hereinafter referred to as poly-Si) and are
expected as the most promising TFTs suitable for use in
10 display equipment having integrated peripheral drive
circuits, but have further technical problems yet to be
solved, which include_improvement of the carrier mobility
and lowering of the threshold voltage Vth.
A method of operation at a lower voltage by lowering
15 the threshold voltage Vth of transistors formed on an
insulator is proposed as described in the Technical Digest of
International Electron Device Meeting 1994, page 809- , in
which a so-called dynamic threshold voltage MOSFET
(hereinafter referred to as DTMOS) which has a f6urth_
20 contact, separate from the seurce and drain, on a
semiconductor £ilm acting as a bipolar active layer, and is
in contact with the gate electrode, is proposed as a
subﬁicron silicon-on-insulator (SOI) device.
In the above-mentioned prior art, the threshold
25 voltage of transistors is substantially reduced further to
lower the operating voltage of the circuits thereof,

thereby lowering the power supply voltage, and thus



10 display equi pnment having integrated peripheral drive circuits, but
have further technical problens yet to be solved, which include inprovenent
of the carrier nobility and lowering of the threshold voltage Vth. A nethod
of operation at a | ower voltage by |owering 15 the threshold voltage Vth
of transistors formed on an insulator is proposed as described in the '
Techni cal Digest of International Electron Pevi ce Meeting 1994, page 809- ,

in which a so-cal,l ed . dynam c threshold voltage MOSFET (hereinafter referred
to as DTMOS) W%%M%OC°W% & dher élgsﬁ”(?m%“s‘ﬁ?r’ce and
drain, on a sem.,conductor filmacting as a bipolar act,ve | ,er,cfnd s in
contact with Thdsyfeatiare.ofogecreased, powed Fonsumptofy Gehiieved by
silicon-on-insulator (SO), device. In the above-nentioned prior_art, the
threshol d 25 thig dxdveocigeaddi ofotde Prdors st ilf desid@Risd fAF ther to

| ower the operating voltage of the circuits _thereof, thereby |gowering the
power supply $&iVeyEirgndt @pel device for the liquid crystadl display as

5 well. It should be noted, however, that the above-mentioned
prior art is directed to the provision of logic devices or
mémory devices that can be operated at a low voltage and a
high speed, and that they cannot be applied, as they are,
to the drive devices for driving the liquid crystal display.

10 Namely, the semiconductor device according to the
above-mentioned prior art, as described in the aforementioned
literature, pages 809-, is designed to operate effectively
with a gate voltage at 0.6 V or less, thereby the
semiconductor device of the prior art cannot be applied as it

15 is to the liquid crystal display in which a lower limit of
gate drive voltage is determined by a liquid crystal drive
voltage. More particularly, at least = 3'V in peak
amplitudes is required for driving normal liquid crystal
materials, thereby a higher voltage than this minimum peak

.20 voltage is required as the gate voltage for driving pixel
drive transistors in the liquid crystal device. Thus, the
prior art semiconductor device described above which
operates at the gate voltage less than 1 V cannot be
applied to the liquid crystal display.
"'25 Summary of the Invention
An object of the invention is to provide an active

matrix address type liquid crystal display of which the power



3 minimzing the power consunption in the drive circuits. This feature of
decreased power consunption achieved by this drive circuit of the prior art
i.s desirable for a drive circuit and device for the liquid crystal display
as 5 well. It should be noted, however, that the above-nentioned prior art
Is directed to the provision of |ogic devices or nenory devices that can be
operated at a | ow voltage and a hi gh speed,4 and that they cannot be
applied, as they are, to the drive devices for driving the liquid crystal
di splay. 10 consumptimangelep, behsubstirasiaddyoredugede according to the
above-nentioned prior art, as described in the aforenentioned |iterature,
pages 809-, is desi gnBuotbespebiectepfethpvinyentinnaigate pspvide at spadly
or less, thereby the seniconductor device of the prior art cannot be |
applied as itpower consumphdoni ddquidr grysitadi ddisplaynbaniiolg & bwddt-fnmit -
of gate drive voltage is determined by a liquid crystal drive voltage. Mre
particul arly, dxiveegdircudty in peak anplitudes is required for driving
normal |iquid crystal :
5 Still another object of the invention is to provide
a drive circuit for use in a small power consumption liquid
crystal display.
According to the invenﬁion, a semiconductor element
for use as a switching element to be formed in a display
10 area of the liquid crystal display or for use as a drive
element to be formed in the area of a drive circuit for
driving the display area is comprised of: a first
electrode, a second electrode, a third electrode and a
fourth electrode; a pair of first c&nducting type
15 semiconductor layers formed separated from each other and
connected to the second and the third electrodes,
respectively; an intrinsic semiconductor layer connected to
the pair of the first conducting type semiconductor layers;
and a second conducting type semiconductor layerﬂformed on
20 the intrinsic semiconductor layer; wherein the first
electrode is formed on the intrinsic semiconductor layer
via an insulating film; and the fourth electrode is formed
-on the second conducting type semiconductor layer which is
formed on the intrinsic semiconductor layer.
25 Preferably, the pair of the first conducting type

semiconductor layers and the second cbnducting type

semiconductor layer are separated from each other by the



mat eri als, thereby a higher voltage than this minimum peak 20 voltage is
required as the gate voltage for driving pixel drive transistors in the
l.iquid crystal device. Thus, the prior art sem conductor device described
above which operates at the gate voltage less than 1 V cannot be applied to
the liquid crystal display. 25 Summary of the Invention An object of the
invention is to provide an active matrix adiress type liquid crystal

di spl ay of which the power 4 consunption can be substantially reduced.
Anot her obj ectingirimisd.ci sesiconducsoro Layer.dFurtbesl, aseardiaghiomanosher
liquid crystal display having a built-in drive circuit. 5 Stil

anot her obj ecasplecthefi mhentinyentions pheyiigsringdcy sepiconducter deysrn a
smal | power consunption liquid crystal display.
extends in lateral directions further than the insulating
layer at least towards the pair of the first conducting type
5 semiconductor layers on the substrate.

The first electrode and the fourth electrode are
electrically connected via a resistance advantageously for
wiring the liquid crystal display.

The intrinsic semiconductor layer, the first

10 conducting type semiconductor layers and the second
conducting type semiconductor layer are preferably a thin
£ilm semiconductor made either of silicon, éilicon
germanium and silicon carbide. Further, they may be made of
polycrystalline silicon films as well. In particular, it is

15 pfeferable to use polycrystalline silicon films in a drive
circuit built-in type liquid crystal display. |

The semiconductor element of the invention can be
designed to have a structure either of a plaﬁar type, an
inverted staggered type or a positive staggered Eype. In the

20 case of.the inverted staggered type, a first electrode is
formed on one of a pair of substrates, an insulating layer is
formed on the first electrode, and'an intrinsic semiconductor
layer is formed on this insulating layer, then a pair of
first conducting type semiconductor layers are formed on the

25 intrinsic semiconductor layer. Further; in the case of the

planar type, the second, the third and the fourth electrodes

are formed on one of the pair of substrates.



According to the invention, a sem conductor elenent for use as a sw tching
el enment to be forned in a display 10 area of the liquid crystal display
or for use as a drive elenent to be forned in the area of a drive circuit
for driving the display area is conprised of: a first electrode, a second
el ectrode, a third electrode and a fourth el ectrode; a pair of first
conducting type 15 sem conduct or Iayersfﬁwnnd separated from each ot her

and connected to the sec and t he d el e¢trodes, res tivel

intrinsic seniconducti? 88g9r°€5ﬁﬁe€ gﬁFop?ﬁétbKFrsBngﬁgea 5 %Bﬁductlng
type sem conduyct or yers; and .a second onducilng tég ien1condu ger
formed on 20 lnYﬁEtF t?tﬁ§98r§gnF¥Bﬁﬁucﬁ 1B@dB0 RREPEPHE: £OT £ 8k of

el ectrode is f d on,the |nbr| si c, sem gondyctor | ayer vy n i nsu atln
film and the® gogEthéFEcPr“'oB | BirGt AP ORE B oS YBR SEBY BaRAPROF, payers
sem conduct or ¥§r which.is f on the intrinsic sen1ionductor | ayer.

25 Fa599°thS°B§PFt6PgtEXPP|F?FleeﬁﬁHstﬁg fygE t

sen conducgt or ers and econd condyctin e seni conductor | ayer are
separ at ed froﬁPE ed Byhgpag aiﬁgnment utlilZlgg gpcounterpart' pattérn

as its own masking pattern.
| The semiconductor element of the invention can be
used as complementary N-type and P-type semiconductor
| elements which can be formed in the drive circuit region in

10 the liquid crystal display. More particularly, since a
vertical scanning circuit and a picture signal drive
circuit are provided in the drive circuit region, the
complementary semiconductor element of the invention can be
applied to a shift register within these ci:cuits. More

15 specifically, when the semiconductor element of the
invention is used in the drive circuit region in a
peripheral circuit built-in type liquid crystal display,
the power consumption thereof can be reduced effectively and
substantially. .

20 According to the invention, an intrinsic
semiconductor layer_is formed as an i semiconductor layer
between the first, the second and the third electrodes.
Into this intrinsic semiconductor layef, a current carrier
is injected which has a different polarity from a polarity

25 of a current carrier in the impurity semiconductor layers
of the first conducting type which are connected to the

second and the third electrodes, respectively. According to



intrinsic senm conductor | ayer. Further, according to another aspect of the
I nvention, the intrinsic sem conductor |ayer extends in lateral directions
further than the insulating |ayer at |east towards the pair of the first
conducting type 5 sem conductor |ayers on the substrate. The first
el ectrode and the fourth electrode are electrically connected via a
resi stance advantageously for wiring the lifuid crystal display. The
intrinsic sem conductor |ayer, the first 10 conducting type sem_conductor
| ayers and théhééc@#&@aﬂﬁmﬁﬂﬁrn@hﬁﬁpéh§bﬁﬂﬁﬁﬁﬁﬁﬁtGﬁmﬁﬁﬂgdaﬁtQIpﬂéﬂ@Fﬁbly a
thin filmsem conductor made either of silicon, silicon germanium and
silicon carbi gennegtedeto they seepnge apgdeher thdrd elecknodes silicon fil ns
as well. In particular, it is 15 preferable to use polycrystalline silicon
films in a dr F@eSpectdyelyp@re formegyof| jaguing tapes semigoadugrorriayer,
sen conductor el enent of the invention can be )
there is formed a p-i-n junction between a current carrier
5 injection layer or the fourth electrode and the second
electrode..

Further, when a voltage applied across the current
carrier injection layer, i.e., the fourth electrode and the
second electrode is Vb, the voltage Vb is divided between an

10 i-n junction and the i layer of the p-i-n junction, thereby
prevénting an excess current (base current) from flowing.
Thereby, operation at a low power can be ensured until the
gate voltage (to be applied to the first electrode)
increases substantially. Namely, if a P-type or N-type

15 semiconductor layer is used in place of the intrinsic
semiconductor of the invention, a full voltage of Vb is
applied to the source junction, and if Vb exceeds a built-
in voltage (approximately 0.6 V) of the source junction, an
excess current is caused to flow, thereby rapidl§

20 increasing power consumption. In contrast, if an active
semiconductor layer is comprised of an intrinsic
semiconductor, excess base current will not flow until a
substantially higher gate voltage is applied, thereby
ensuring operation at a lbw power. In this case, due to

25 adoption of the p-i-n junction, the degree of drop in the

threshold vbltage becomes mild, bﬁt it is still substantial

compared to the conventional elements. Due_to this drop in



desi gned to have a structure either of a planar type, an inverted staggered
type or a positive staggered type. In the 20 case of the inverted staggered
type, a first electrode is forned on one of a pair of substrates, an
insulating layer is fornmed on the first electrode, and an intrinsic

sem conductor layer is fornmed on this insulating |layer, then a pair of
first conducting type semiconductor |ayers &re forned on the 25 intrinsic
sem conductor |ayer. Further, .in the case of the planar type, the second,
the third andthge theesheld yoltages dte bpGomes APsHidler tonopsxateythe
substrat es. .6 I n both cases of the positive staggered and the inverted
st agger ed typddquid crysted FFd¥inge edementsand ssecigted, periphensd
first conducting type sem_conductor |ayers or the second conducting type
seniconductorcP&F@#tﬁoaﬁe19werfUP%§99§§rsémﬁﬁﬁhxyﬁﬁhﬂ#ﬁmﬁﬂﬁliﬂh§%§%01n9

counterpart's pattern as its ow masking pattern. )
power consumption in the active matrix type displays.

5 BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, features and advantages of
the present invention will be understood more clearly from
the following detailed description with reference to the
accompanying drawings, wherein:

10 Fig. 1 is a cross-sectional view of a semiconductor
element according to one embodiment of the invention;
| Fig. 2 is a schematic diagram in cross-section of the
semiconductor element of Fig. 1 indicative of the principles
of operation thereof;

15. | Fig. 3 is a schematic diagram of energy bands
indicative of the principles of operation of the
semiconductor element of Fig. 1;

Fig. 4 is a diagram indicative of transfer
characteristics of the semiconductor element of ﬁig. 1;

20 Fig. 5 is a cross-section of a semiconductor element
according to a second embo&iment of the invention;

Fig. 6 is a cross-section qf a semiconductor element
according to a third embodiment of the invention;
Fig. 7 is an equivalent circuit of a semiconductor

25 element éccording to a fourth embodiment of the invention;

Fig. 8 is a plan view of a semiconductor element

according to a fifth embodiment of the invention;



The sem conductor el enent of the invention can be used as conpl enentary
N-type and P-type sem conductor el enents which can be forned in the drive
Gircuit region in 10 the liquid crystal display. Mire particularly, since
a vertical scanning circuit and a picture signal drive circuit are provided
in the drive circuit region, the conplenentary sem conductor el enent of the
I nvention can be applied to a shift registe? within these circuits. Mre 15
speci fically, when theg ,sem, conductor elenent, of the invention ig used in
the drive ci fcuit regFdfi+i 3 dSpér FEREPEPCCHLON fod T haksBeirad X
crystal displgr, t he %pmer consunption thereof can be reduced effectively
and substanti dfig BpFig. 8; According to the invention, an intrinsic
sem conductor |ayer is.forged.as an_i seniconductor | ayer, between the

first, the second andFtAe tHi 1§ élB&FPoH&?Y Pht & ?ﬁméépﬂgpFﬁche_ement
Dol ar i Ty 1 omPSCBBr4G:, Fo28 51 i CBHACUACTER T &0 ATRESLRBr Ty
sem conduglor layers gf(hg, s, SoBMMLEAT;bNPS Y et SxEa T0h5 4L
t he
line in Fig. 10;
| Fig. 12 is a circuit diagram of a complementary type
inverter according to a seventh embodiment of the invention;
| Fig. 13 is a plan view of the complementary type
10 inverter of Fig. 12;
Fig. 14 is a cross-section of a complementary type
inverter according to an eighth embodiment of the invention;
Fig. 15 is a plan view of the complementary type
"inverter of Fig. 14, which is a planar type semiconductor
15 eiement of the invention;
Fig. 16 is a plan view of a unit picture element in
a liquid crystal display according to a ninth embodiment of
the invention, and taken along X-X' in Fig. 15;
Fig. 17 is a cross-section of the 1iquid'brystal
20 display taken along Y-Y¥' in Fig. 18;
Fig. 18 is an equivaléent circuit indicative of a
schematic cbnfiguration of the liquid crystal display;
Fig. 19 is a plan view and a cross-section of a
semiconductor element according to a tenth embodiment of the
25 invention;
| Fig. 20 is a plan view and a cross-section of a unit

picture element of a liquid crystal display constructed using



second and the third el ectrodes, respectively. According to 7 this
arrangenent, when the inpurity sen1conductor | ayers connected to the second
and the third el ectrodes respectlvely are formed of an n-type sem conduct or
| ayer, there is formed a p-i-n junction between a current carrier 5
injection layer or the fourth el ectrode ang t he second el ectrode. Further,
when a vol tage applied across the current Orrier I njection |ayer, i.e.,
the fourth el ectrode an% 5@3 secgnd el ect e I §,vb, the voltage Vb is
di vi ded bet we&RSaFRGCPRAUCERE: BARMERY agﬂ of the p-i-n junction,
thereby preventing an_exce current (bas rrenté.%ro flaw.nqg. Thereby,
operation at a | ow poRss: CZE £ 8t &"&ﬁ?f‘g EREClito 8o SEAVE: siEgute
applied to the first _electr i,ncrea anti al | Y, .
T ype or Nt PBALES IBOHTBBNAaBRSH Fay BE aLs S1aBY AV CPREEE SR e Fe iRt e o
semiconductor elements of Fig. 19;
5 Fig. 22 is a circuit configuration including shift
register and buffer used in the drive circuit built-in type
liquid crystal display of Fig. 21;

‘Fig. 23 is a cross-sectional view of a semiconductor

element indicative of a process of fabrication thereof
10 according to an eleventh embodiment of the invention;

Fig. 24 is a cross-sectional view of a semiconductor
element indicative of a process of fabrication thereof
according to a twelfth embodiment of the invention;

Fig. 25 is a diagram indicative of current-voltage

15 characteristics of the semiconductor element of Fig. 19;

Fig. 26 is a cross-section of a liquid crystal cell
of a liquid crystal display according to a thirteenth
embodiment of the invention; and

Fig. 27 is a cross-section of a liquid crystal cell

20 of a liquid crystal display according to a fourteenth

embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred emediments of the invention will be
25 described in details with reference to the accompanying
drawings.

First Embodiment of The Invention:



sem conductor of the invention, a full voltage of Vb is applied to the
source junction, and if Vb exceeds a built- in voltage (approximately 0.6
V) of the source junction, an excess current is caused to flow, thereby
rapidly 20 increasing power consunption. In contrast, if an active

sem conductor |layer is conprised of an intrinsic sem conductor, excess base
current will not flow until a substantiall&lhigher gate voltage is applied,
t hereby ensuring operation at a | ow power,

. Inthis . case, due.to 25 tion
of the p-i-n junctionWithe r&fGreacss t& &9 -n rn@ FHF@§h&ﬁg°9&WFQ§e°%gg s

mld, but it is still substantial conpared to.the nventional elenents.
Due to this ddgysntion arilde be,descaiibas imfhe fo foski th &8 &

operate the liquid crystal driving el enments, and assoc%g:ed peri pher
Mo RAe

|
|
Circuits at | GROSSrSECEdanal faesh P Ls @ SERHGORdUF taK] ording to

consunption in _the active matrix type displays.
P the first embodiment,ypv)vhich Filasya gate electrode 10 as a

5 first electrode made of chrome and formed on the surface of
a glass substrate 1. Gate electrode 10 is overlaid by a gate
insulating film 20 consisting of SiN film. An intrinsic a-Si
layer 30 is formed on gate insulating f£ilm 20. On the surface
of intrinsic a-Si layer 30, there are formed n-type a-Si

10 layers 31, 32 which are doped with phosphor, and a p-type
a-Si layer 33 which is doped with boron.
p-type a-Si layer 33 is formed between a pair of n;
type a-Si layers 31 and 32 on the intrinsic a-Si layer 30
by self-alignment using the pattern of n-type a-Si layers
15 31 and 32 as its own masking pattern. Use of the pattern of
n-type a-Si layers 31, 32 as its own mask pattern thereby
to form p-type a-Si layer 32 will enable forming both of n-
type a-Si layers 31, 32 and p-type a-Si layer 33 by a
single photolithographic process, thereby simplifying the
20 fabrication process thereof and thus decreasing production
cost. Further, as the second and the third electrodes to be
connected to the n-type a-Si layers 31 and 32 respectively,'
a source electrode 11 and a drain electrode 12 made of
titanium are formed. Further, a base electrode 14 is formed
25 in contact with p-type a-Si_layer 33 as a hole injecti§n
electrode. Then, the entire portion of the element is

overlaid by a passivation film 22 made of SiN film, thereby



5 BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her objebts, features and

advant ages of the present invention will be understood nore clearly from
the follow ng detailed description with reference to the acconpanyi ng
drawi ngs, wherein: 10 Fig. 1 is a cross-sectional view of a

sem conductor el enment according to one enbgginent of the invention; Fig. 2
Is a schematic diagramin cross-section of “the sem conduct or el enent of

Fig. 1 indicative.,qof th rinci ples of ,operation.thereof,; .15 . Fi g.
3 is a schemaPrOvd Qﬁa%P%fa@néfﬁypﬁaﬁ&?RSn&F5§FFV§r3PSPﬁ§°ErPﬁgpﬁﬁéggof
operation of the entcond;ptor element of Fig. 1; Fig. 4 is a diagram

i ndi cati ve of *Or XR€f dRVEREIQBreristics of the seniconductor el ement of Fig.

1, 20 Fig. 5 is.a cross-section .a sem cqonduct or enent
according to a secondNéﬂﬁéﬁvn@ﬁF°EalPﬁeanggﬁFiSﬂgbéﬁﬁgn 2 ghe
cross-section.,of a senm copductqr el enent gccording to a thir odi ment of
She T mvent 1 onitweaeisn,  ehe  Rador S Ear 2620 HE Bkl Rn Tang EHR

5 minority carrier is hole. By applying a positive voltage
which is positive relative to source electrode 11 to base
electrode 14 which is in contact with p-type a-Si layer 33,
the minority carrier of holes is caused to be injected into
intrinsic silicon layer 30.

10 Now, with reference to Figs. 2 and 3, operation of
the semiconductor element of Fig. 1 will be described
specifically. In the n-type transistor, with reference to
Fig. 2, a conduction state (ONfstate) is realized by applying
positive voltages Vg and Vd which are positive relative to

15 source electrode 11 which is at ground potential, to gate
electrode 10 and drain electrode 12, respectively. At this
time, a positive voltage Vb.is applied to the fourth
electrode 14 (hereinafter referred to as base electrode)
which is in contact with p+type layer 33 formed on the

20 intrinsic.semiconductor layer. By the positive voltage Vb
appIiéd, an n-i-p junction comprised of n+layer 31 in
contact with source electrode 11, intrinsic semiconductor
layer 30 and p+layer 33 is biased in the forward direction,-
thereby causing holes to be injected through p+layer 33

25 into the intrinsic semiconductor layer.

A flow of injected holes is depicted by ¢h. Then, the

injected holes drift toward source electrode 11, but are



25 el ement according to a fourth enbodi nent of the invention; Fig. 8 is a
pl an view of a sem conductor el enent according to a fifth enbodi nent of the

invention; 9 Fig. 9 is a cross-section of a TFT taken along X-X line in.
Fig. 8 Fig. 10 is a plan view of a sem conductor el enent according to a
si xth enbodi nent of the invention; 5 Fig. 11 is a cross-section

of a TFT taken along X-A line in Fig. 10; F?g. 12 is a circuit diagramof a
conpl ementary type inyerter according to,a seventh enhodi nment, of _t he

i nvention;  Fi §LoFkeds by § pRtentdads %ﬂ?élt%'rrﬁfteﬁﬁnf‘é'/ﬂ' gppetion formed; or

of Fig. 12; Fig. 14 is a_cross-section of .a gonplenentary t i nverter
according to g%tyﬁﬁﬁtﬁ+é&E§&Fn§ﬂtaB# LRETIRGL S BERLC F°f9¥PgaXeﬁla Vi ew

of the conpl enent ar, e .
P @%ereﬁ@ gé&ng accumulated in the vicinity of the n+/i

junction. The accumulated holes in turn cause the potential
5 barrier at the n+/i junction to be lowered. Thereby, a
large amount.of electrons are injected from n+ layer 31
ihto intrinsic semiconductor layer 30 toward a channel ch
formed at a boundary between intrinsic semiconductor layer
30 and gate insulating film 20. A flow of injected
10 electrons is depicted by ¢e. As a result, a substantial
increaselin the majority carrier current (electrons) can be
realized by the injection of a small amount of minority
carrier current (ﬁoles) according to the invention.
Status of carrier flows across energy bands at the
15 - source junction'along X-X' of Fig. 2 is depicted in Fig. 3,
where it is indicated that holeé injected from base electrode
14 are blocked by the potential barrier at the n+/i junction
s0 as to be accumulated in the vicinity of the n+/i junction.
Thereby, the potential energy in the intrinsic sémiconductor
20 layer 30 changes from its initial status prior to the
accumulation of the injected holes which is depicted by
dotted lines to a status as depiéted by solid lines,
thereby lowering the potential barrier against a mass of
electrons present in n+ layer 31, thereby allowing the mass
25 of electrons to be injected toward the channel ch as
depicted by ¢e.

On the other hand, in order to cut-off the



inverter of Fig. 14, which is a planar type semiconductor 15 el enent of
the invention; Fig. 16 is a plan view of a unit picture elenent in a liquid
crystal display according to a ninth enbodi nent of the invention, and taken
along X-X in Fig. 15; Fig. 17 is a cross-section of the liquid crystal 20
di splay taken along Y-Y' in Fig. 18, Fig. 18 is an equivalent circuit
i ndi cative of a schematic configuration ofl¢he liquid crystal display; Fig.
19 is a plan view and a cross-sec¢tion of a sem condyctor el enent accorg&ng
a

€ u
to a tenth enb®8rAeAEOSy BhBegstivenyehtpgs; 1@ gpPidedste EP&RQQiéﬁ WA

cross-section of a unit picture elenment of a liquid crystal display
constructed u@n§e basg ehectErdeohdusish thaketheoh-irg. JpoctEpy 181 is an

equi valent ciycuit .of a drive circui . . ]
g Lgased in the reverse d&rection. When the n-i-p junction is

reversely biased, injection of holes from the base
5 electrode 14 is stopped, thereby interrupting the current.
According to the feature of this embodiment of the
invgntion, the effect of current amplification in the
transistor is most significant in a subthreshold region in
which electron current is restricted due to injection from

10 source electrode 11, and thus transfer characteristics
therein change such that a current rise becomes steep in the
subthreshold region R with'an increasing base current ib as
indicated iniFig. 4, thereby advantageously allowing
threshold voltage Vth to decrease.

15. According to this feature of this eﬁbodiment of the
invention as described above, since intrinsic semicbnductor
layer 30 is used as its-semiconductqr layer, when a voltage
Vb is applied between the base and the source, the voltage

" Vb is subdivided between the i-layer and the i/n” junction

20 of the p-i-n junction, thereby preventing an excess base
current from flowing ﬁntil a substantially higﬁer voltage
is applied across the base and the source, thereby ensuring
operation at a higher gaie_voltage, for example, exceeding
*5vV and at a reduced power consumption. Thereby, when a

25 semiconductor device of which the threshold voltage can be
lowered is utilized as a liquid crystal driving element or

as a peripheral circuit device thereof, it becomes possible



built-in type liquid crystal display constructed using the seni conductor
el ements of Fig. 19; 5 Fig. 22 is a circuit configuration

i.ncl uding shift
liquid crystal

sem conduct or

e

regi ster and buffer used in the drive circuit built-in type
display of Fig. 21; Fig. 23 is a cross-sectional view of a
| ement indicative of a process of fabrication thereof 10

according to an el eventh embodi nent of thelBnvention; Fig. 24 is a
cross-sectional . .ndi,
fabrication t&er dowexctbedvedtegeatondrive Ehgodiifdd eryskeli AiSRdayn;

Fig. 25 is a diagramindicative of current-voltage 15 , characteristics of
t he sem conduébherebVeminimdzipnggthegpowey. copsumpiionods $be: ashiye gatrix
liquid crystal ]
enbodi ment of 2deEeEFIaG: tyRe SA§PRRY- 27 is a cross-section of a liquid

crystal cell

20

vi ew of a sem conductor el enment _indicative of a process of

cell of a liquid crystal display according to a thirteenth

of a liquid crystal display according to a fourteenth

embodi ment of SesendnFERCHAReNbESCRI PTI ON OF THE PREFERRED EMBODI MENTS

5

10

15

20

25

Figure 5 is a cross-sectional view of a semiconductor

device according to a second embodiment of the invention..

The semiconductor device according to the second

embodiment of the invention has a structure of a positive

stagger type TFT, in which a source electrode 11, a drain

electrode 12 and a base electrode 14 each made of chromium
are formed on the surface of a glass substrate separate
from each other. On the surfaces of the source electrode 11
and the drain electrode 12 are formed n-type a-Si layers 31
and 32, respectively, and on the surface of the base
eiectrode 14 is formed a p-type a-Si layer 33. An intrinsic
semiconductor layer (intrinsic a-Si layer) 30 is formed
between the source and base electrodes, between the base
and drain electrodes, and on the surfaces of n-type a-Si
layers 31 and 32 as well as on the p-type a-Si layer 33. A
gate insulating film 20 made of a silicon nitride (SiN)
£ilm is formed on the surface of the intrinsic
semiconductor layer 30, and further a gate electrode 10
made of aluminum is fo:med_on the gate insulating film 20.
Then, the whole structure of the device described above is
encapsulated in a passivation film 22 made of a silicon
nitride (SiN) film.

In the semiconductor device according to the second



Preferred enbodi nents of the invention will be 25 described in details
with reference to the acconpanying draw ngs. First Enbodi nent of The

I nventi on: Wth reference to Fig. 1, a first enbodi ment of the invention
will be described in the following. Fig. 1 is a cross-sectional view of a
sem conductor el enment according to the first enbodi ment, which has a gate
electrode 10 as a 5 first el ectrode made oftéchrome and formed on the

surface of a glass, substrate 1. Gate el ectrqde 10, is, overlaid by a gate
i nsul ating fi [ETRERAIAGRG QF fherinsientiqny t%’ﬁ‘— mAIATISYe %?-rﬁlel’-‘%éreso i s

formed on gate insulating film2Q. On the surface of intrinsi¢ a-Si | yer'
30, there are SQGHPIE @k thesmineriyy, carriers ?E%hq;ﬁsaﬁéﬁifrﬁ‘ﬁé@ \H%Pn

phosphor, and g p-type a-Si |layer 33 which is doped with boron. p-type a-S
| ayer 33 is fd‘-r%gﬁf' [sbRdment, Qf tdye fnvgpfdon.si |ayers 31 and 32 on the -

intrinsic a-Si layer 30 . )
According to this arrangement of the second

5 embodiment of the invention, a positive wvoltage which is
positive relative to a voltage at the source electrode 11
is applied to the base electrode 14 which is in contact
with p-type a-Si layer 33, thereby causing the minority
carrier of holes to be injected into the intrinsic
10 semiconductor layer 30. Thereby, under the same principle
as described in the first embodiment of the invention, it
becomes possible to lower its threshold voltage and in
consequence to imérove its current drivability substantially.
In this second embodiment of the invention, intrinsic
15 sémiconductor layer (intrinsic a-Si layer) 30 is utilized as
its active layer in the same manner as in the first
embodiment of the invention, however, it is not limited
thereto, and other semiconducting materials such as, for
example, polycrystalline silicon (poly-Si) or silicon
20 germanium (SiGe) films can be utilized as well to the same
effect. |
Third Embodiment:
Figure 6 is a cross-sectional view of a semiconductor
device according to a third embodiment of the invéntion.
25
The semiconductor device according to the third

embodiment of the invention has a structure of a planar-type



by self-alignment using the pattern of n-type a-Si |ayers 15 31 and 32 as
its own masking pattern. Use of the pattern of n-type a-Si layers 31, 32 as
its own mask pattern thereby to formp-type a-Si layer 32 will enable
formng both of n- type a-Si layers 31, 32 and p-type a-Si |ayer 33 by a

si ngl e photolithographic process, thereby sinplifying the 20 fabrication
process thereof and thus decreasing product?on cost. Further, as the second
and the third el ectrodes to be connected to the n-type a-Si | ayers 31 and
32 respectivelFT,aigowhichepebppedelectindealdr mrdecpéccheaBin® Agdéozmed
titaniumare formed. Further, a base electrode 14 is forned 25 in contact
with p-type a°Bj al gyaps3gubstzakel & inj Ebei eantpECcPPEéonTEBArePhe 8Rd re
portion of the elenent is overlaid b{ a passivation film22 made of SiN
film therebyn-type pepd¥r8indaversadlh- apge3Rilcpyecformed: PANENSt GLass

according.to the invention. .
substrate separated by base electrode 14 interposed

5 therebetween. A p-type poly-Si layer 331 is formed on the
surface of base electrode 14. Further, an intrinsic
semiconductor layer (intrinsic poly-Si layer) 301 is formed
surrounding both the base electrode 14 and p-type poly-Si
layer 331. A gate insulating film 201 made of SiO, is formed

10 on a part of the intrinsic seﬁiconductor layer 301, then, a
gate electrode 10 made of aluminum is formed on the gate
insulating film 201. The n-type poly-Si layers 311 and 321
formed in contact in part with intrinsic semiconductor
layer 301 are further connected with a source electrode 11

15 aﬁd a drain electrode 12 both made of chromium,
respectively. Then, source electrode 11, drain electrode 12
and gate electrode 10 are surrounded by a protective
insulating film 21, and the entire structure of the device

' is encapsulated in a passivation film 22. Also in this

20 third embodiment of the invenﬁion, the majority carriers
are electrons and the minority carriers are holes as in the
first embodiment of the invention.

According to this device arrangement of the third
embodiment of the invention, when a positive voltage which is

25 positive relative to a voltage at source electrode 11 is
applied to the base electrode 14 which is in contact with

p-type poly-Si layer 331, the minority carriers of holes are



Nanely, according to this enbodinent of the invention, the majority carrier
Is electron, and the 5 mnority carrier is hole. By applying a positive
vol tage which is positive relative to source electrode 11 to base el ectrode
14 which is in contact with p-type a-Si |ayer 33, the mnority carrier of
holes is caused to be injected into intrinsic silicon [ayer 30. 10

Now, with reference to Figs. 2 and 3, operé?ion of the sem conduct or

W th ref er encEauged g0 3o 1A3GRuSE: 1pRoo BeE Tnaics camorduetRy; Jeqes, J0d
2PPLYLNG POS! Hhre gl As VR AT G WiLeh At RO LLS S ke 10
O et o e EaReR: Hegibe, Ao Mtk 1, BER e phobiatael” ' °
Tniri nsi o senPOBRIRIEEY IPBET Be; FOTBRBALE, YoK5ASRye SUBTERH i od, an n-i-p
juncti on gorpri ged of 1L 8y g 3L i e PR S04SR 9hg5 r0de 1T
Further, according to this embodiment of the
iﬁvention, n-type poly-Si layers 311 and 321 are formed by
means of self-alignment with respect to the pattern of the
géte_insulating film 201 and gate electrode 10. Namely, the
10 pattern of gate insulating film 201 and gate electrode 10
is utilized as a mask to form n-type poly-Si layers 311 and
321. Thereby, a single step of photolithographic processing
allows provision of both patterns of n-type poly-Si layers
311 and 321 as well as gate elect;ode 10, thereby
15- simplifying the process of fabrication, and reducing the
cost of manufacture. Still further, there is another
advantage that parasitic capacitances between gate
electrode 10 and source electrode 11 as well as between
gate electrode 10 and drain electrode 12 can be minimized
20 since width of overlapping of gate electrode 10 with n-type
poly-Si layers 311, 312 is minimized due to the self-
alignment processing of the invention, thereby realizing a
faster operation of the device.
Fourth Embodiment of the Invention:
25 When a semiconductor device is formed having fouf

terminals of a gate électrode, a source electrode, a drain

electrode and a base electrode, this semiconductor device



Iéyer 30 and p+layer 33 is biased in the forward direbtion, t her eby causi ng

holes to be injected through p+l ayer 33 25 into the intrinsic
sem conductor layer. A flow of injected holes is depicted by [err]h. Then,
the injected holes drift toward source el ectrode 11, but are 13 bl ocked

by a potential barrier at an n+/i junction_fornmed between n+ | ayer 31 and
intrinsic sem conductor |ayer 30, thereby B@ing accunul ated in the vicinity

of the n+/i jynct,ion._ The accunulated holeg in turn cause . .the potential 5
barrier at tnAVAAS SRR (GRS (Gt Perpmakied 28 dtyditid of

el ectrons are . injected fromn+ layer 31 intp intrinsig sem conductar, | ayer
30 toward a crﬁ'r#ﬂeﬁlstﬁ?rf cﬁa??"edlsﬁ p %Mﬁ&m idrchsrﬂ T %t dditiuct or
| ayer 30 and gate insulatjng film20. A.flqw of, injected 10 , eleg%ﬁfns i's
depi cted by [ &%99ciake cirgud b Whigh BTy LEIHFSHEmeS

carrier current (el ectrons) can be . ,
teémlnéi transistors. Therefore, in order to apply this

5 four~-terminal transistor, an additional wiring must be
provided for supplying a base current, which substantially
6omplica§es its circuit configuration and increases the
area for circuits.

Thereby, with reference to Fig. 7, by taking into
10 consideration the fact that an npn type bipolar transistor
comprising n-type a-Si layer 32, p-type a-Si layer 33 and
n-type a-Si layer 31 is formed between source electrode 11
and channel ch in this field effect transistor (FET) of the
' fourth embodiment of the invention, it ié contemplated that
15 a'base current can be supplied from the gate by connecting
between base electrode 14 and gate electrode 10 via
resistaﬁce rb having an appropriate value.
When the gate and base are connected via reSistance
rb, the additional wiring conventionally would have been
20 required.for supplying a base current to the base elecfrode
can be eliminated, thereby simplifying the wiring
substantially and improving the density of circuit
integration, thereby allowing a finer resolution of display
to be realized.
- 25 Fifth Embodiment of the Invention:
Fig. 8 is a plan view of a planar type TFT of the

fifth embodiment of the invention, and Fig. 9 is a cross-



realized by the injection of a small anmount of mnority carrier current
(hol es) according to the invention. Status of carrier flows across energy
bands at the 15 source junction along X-X of Fig. 2 is depicted in Fig.
3, where it is indicated that holes injected from base el ectrode 14 are

bl ocked by the potential barrier at the n+/[i. junction so as to be

accunmul ated in the vicinity of the n+/i Juﬁgtlon Ther eby, the potential

energy in the ntr|n5|c sentc ctar, .20 Ia erfﬁf es fro .
initial stat u§e§r SPEL, VAR & LR f 5@?‘5&9% hltns
depi cted by dqj.ted |nes to a status as deplcted by solid Iines, thereby
| owering the dt%ntSal barrier agai nst a nass of electrons present in n+

v S0 iherebr's o il Thets Ll Ao 0 il tied o

cut-off the iﬁ%iinSlc semiconductor layer 301 having a convex planar

5 pattern and a pattern of a gate electrode 10 disposed in the
center thereof are formed, and on the both sides thereof are
fbrmed n+layers 311 and 321 as the source and drain,
respectively. By way of example, n+layers 311 and 321 are
formed on a glass substrate likewise the planar type

10 transistor of Fig. 6. In the upper protruding portion of
intrinsic semiconductor layer 310 there is formed p+layer
331which serves as the base. Source electrode 11 and drain
electrode 12 are formed in contact with n+layer 311 acting as
source and n+layer 321 acting as drain, respectively. A

15 pértion extending below the gate electrode from intrinsic
semiconductor layer 301 (channel) to p+layer 331 is not doped
with any impurities of P-type or N-type and forms a high
resistance layer rb. The source and drain of n+layers 311,
321 as well as the base of p+layer 331 are separated by

20 intrinéic semiconductor layer 301 from each other.

Aiso, in this embodiment of the invention, likewise
the first embodiment, the majority carrier is electron, and
the minority carrier is hole. By applying a positive
voltage which is positive relative to source electrode 11

25 to base electrode 14 which is in contact with p-type poly—.
Si layer 331, the minority carrier of holes is caused to be

injected into intrinsic poly-Si layer 301. Thereby,



transistor, a negative voltage is applied to gatelO as well as to base

el ectrode 14 such that the n-i-p junction is biased in the reverse
direction. Wien the n-i-p junction is reversely biased, injection of holes
fromthe base 5 el ectrode 14 is stopped, thereby interrupting the
current. According to the feature of this ﬁnbodlnent of the invention, the
effect of current anplification in the tra distor is nost significant in a

subt hr eshol d re o in which electron.cur.rent is restri,cted duye
T et ont HomcheYai MY e’ Bt 8T SUNTTE o cbERht it e P tBE: | st cs

therein change such that a cyrren .bec nes st t hreshol d
regi on R wi t h S&P4G n%upﬁz ﬁﬂ aleﬁdlggﬁégoh g%aﬂe €8 eby

advant ageously a i N res ol \ﬁh t o decrease.
Accordi%g to ¥ﬁ5§ o 'OP tgeg 86| PV&PgtH§s|ﬁVEﬁFPGnd§§vﬁéscrlbed

above, since intrinsi,c sem conductor layer 30 is used as its sem conduct or
| ayer, .when aCWQQH£}& S applied between the base and the source, the

vol t age i s subdi vi ded etme R -Iagii and the i/n £unction 20 of
the p-i-nJunction, tREFEBTer BYeRLPRGTAR24}¥SONBESEing between base

electrode 14 and gate electrode 10 according to this

eﬁbodiment of the invention, the operation available with the

three terminal structure as indicated in Fig. 7 becomes

poséible. In this instance, since the high resistance layer
10 rb acts to limit the base current, injection of an

excessive base current is prevented, thereby allowing

operation at a low power until the gate voltage increases

to exceed, for example, £5 V. |

Current-voltage characteristics of TFTs accordiné to

15 this embodiment of the invention, such as drain current to

gate voltage characteristics as well as drain current to

drain vo;tage characteristics, are compared to those of

conventional TFTs in Figs. 25 (a) and (b).

It is clearly indicated that TFTs of the invention have an
20 improved current drive capability substantially greater than

the conventional TFTs.

Sixth Embodiment of the Invention:

With reference to Fig. 10, a plan view of a planar

type TFT according to a sixth embodiment of the invention is
25 illustrated. Fig. 11 is a cross-sectional view taken along

X-A in Fig. 10.

According to this embodiment of the invention,



current fromflowing until a substantially higher voltage is applied across
the base and the source, thereby ensuring operation at a higher gate

vol tage, for exanple, exceeding 5V and at a reduced power consunption.
Thereby, when a 25  sem conductor device of which the threshold voltage
can be lowered is utilized as a liquid crysfal driving elenent or as a
peripheral circuit device thereof, it becofies possible 15 to | ower the

bonsuti on | hikeuige: e Ry eRbatsaBnfy PéBiﬁﬁrégEé§'¥ééé§ﬁaﬁﬁg
Enbodi nent ' Cross-section

sen1conductorlﬁgﬁFcéoécéﬁrggggeao£§ g§¥8n8 89838FnBiFnBF PﬁgLFﬁgenwFBH qThe

sen conduct or devi ce according to the second .enbodi : t he nventlon
ot et et uPEEEeRE BECR! Bebd.eletirons 107 aR0ReM: th, thel BRRERY S Lot ode

11, adrain thereof. On both sides of intrinsic semiconductor layer 301
5 there are formed n+layer 311 as the source and n+layer 321
as the drain, respectively. Further, p+layer 331 is formed
aé the base in a protruding portion of the convex patterned
intrinsic semiconductor layer 30l1. Further, in a portion
below the gate electrode extending from intrinsic
10 semiconductor layer 301 (channel) to pt+layer 331, there is
formed a high electrical resistance layer rb which is not
doped with any impurities of P-type or N-type. These
features are the same as those in the fifth embodimen£ of
the invention. Another feature of this embodiment is
15' characterized by comprising an off-set layer roff made of -
intrinsic semiconductor layer 301 between n+layer 311 as
the source and n+layer 321 as the drain, and intrinsic
semiconductor layer 301 (channel) directly beldw gate
electrode 10. That is, n+layers 311 as the sourcé, 321 as the
20 drain, and p+layer 331 as the base have arrangements which
are separated by intrinsic semiconductor layer 301 from each
other. In order to realize such arrangements, a pattern of
gate insulating film 20 is arranged to have a larger size
than that of gate electrode 10, and by utilizing the
25 pattern of this gate insulating film 20 as a mask pattern
for masking other counterparts, n+layers 311, 321 as the

source and drain or p+layer 331 as the base are formed



10 el ectrode 12 and a base el ectrode 14 each nmade of chromiumare formed on
the surface of a glass substrate separate fromeach other. On the surfaces
of the source electrode 11 and the drain electrode 12 are formed n-type
a-Si layers 31 and 32, respectively, and on the surface of the base 15
electrode 14 is forned a p-type a-Si layer 33. An intrinsic sem conductor
layer (intrinsic a-Si layer) 30 is formed Bétween the source and base

el ectrodes, between the base and drain el ectrodes, and on the surfaces of
n-type a-Si | &AHAOEROCAULIY> a5 wel|l as on the p-type a-Si layer 33. A 20

gate insulating film 20 made of a sil.icon nitride (Si filmis formed on
the surface of the i nfASSREPENGeHoc dhd§c ebadimentsof ARVERELOR rgat e

el ectrode 10|21£§cﬂ alymnumis formed ,on the gate insulating film 20.
Then, the wholld-k&WiF& (e Sasehofydie £ idasc emhadigmgnte ithe Pagardfdul at ed -

in a passivation film_22 made of a silJicon nitride (SIN), film In the
seni conduct or PRI d&cGlectFons @Re fheminority carrier is hole. In

5 this arrangement, a positive voltage which is positive
relative to source electrode 11 is applied to base
electrode 14 which is in contact with p-type poly-Si layer
331, thereby causing the minority carrier of holes to be
injected into intrinsic poly-Si layer 301. Thereby,

10 according to the same principle of operation as the
semiconductor element of Fig. 1, the threshold voltage is
successfully decreased, thereby improving the current drive
capability substantially. Further, by electrically
~connecting between base electrode 14 and gate electrode 10

15 adcording to this embodiment of the invention, operation of
the semiconductor element havihg a three-terminal
configuration as indicated in Fig. 7 can be realized. In this
configuration, since the off-set layer roff as well as the
high resistance layer rb acts to limit the base current, an

20 excess base current injection is more effectively prevented,
thereby ensuring operation at a low electric power until the
gate voltage is increased substantially greater. Further,
since the off-set layer acts to mitigate electrical field
present between source electrode 11 and drain electrode 12,

25 occurrence of hot carriers is suppressed, thereby improving
reliability of components substantially.

Seventh Embodiment of the Invention:



16 enbodi nent of the invention, the majority carriers are electrons and the
mnority carriers are holes |likew se the first enbodi ment of the invention.
According to this arrangenent of the second 5 enbodi ment of the

i nvention, a positive voltage which is positive relative to a voltage at
the source electrode 11 is applied to the base electrode 14 which is in
contact with p-type a-Si |ayer 33, therebyzéausing the mnority carrier of

holes to be injected into t e_intrin%% 1Q sem cond ctor,laﬁgr 30.
Thereby, under the safig%rdAcifl & Sehgmatiic,ddagraphets gy SETERRSdI nent of

the invention, it .becones possible to |lower its threshold voltage and in
consequence t &9 ation of; r ent drivability substantially. In this
second enbodi nent of the invention, intrinsic 15 sem conductor | ayer
(intrinsic a-$& GOHpHEpetary (OS)ednyenter Asinge they §LMIFOPANCETe
manner as in %5? first embqdi ment of the invention, however, it is not

limted therefdeMeRFsS,OfeF188 SofGcLim@ntafdG-alls 48cR REttegn

5 configuration of the inverter circuit of Fig. 12. This tYpe
of inverters are used, in particular, in the drive circuit
in a liquid crystal display. The complementary inverter
according to this embodiment of the invention is comprised
of a P-type transistor PMOS and an N-type transistor NMOS,

10 wherein each gate and base in each transistor are
electrically connected via base resistance rb. A first
wiring electrode 105 coupling gate electrode 10 of TFT with
inpqt terminal Vin is provided extending to a protrusion of
a TFT having a convex pattetn, and is electrically

15 cénnected.via a second wiring electrode 106 to the base
electrode formed inlthe protrusion.

Further, electrodes for supplying reference voltage
Vss and power supply voltage Vdd to the circuit, as well as
output terminal Vout are provided by the second wiring

20 ‘electrode 106. In order to realize a fast circuit
operation, intrinsic poly-Si f£ilm 301 which has a greater
carrier mobility is used as an active layer. Further, in
order to prevent degradation of characteristics during
operation due to hot carriers, N-type transistors in which

25 hot carriers tend to occur are fabricated to have off-set
layer roff as indicated in Fig. 10.

Transistors constituting the inverter circuit



exanpl e, polycrystalline silicon (poly-Si) or silicon 20 germani um ( Si Ge)
films can be utilized as well to the sanme effect. Third Enbodi nent: Figure
6. is a cross-sectional view of a sem conductor device according to a third
enbodi nent of the invention. 25 The sem conductor device according to the
third enbodi ment of the invention has a structure of a planar-type 17
TET, in which a base el ectrode 14 made of #hroniumis forned on a gl ass

and 321 arc 1 BFFEEOGR: he BRaScSBhIENARE aEparRRbiLs,ERaGRsERER! Rbde 14
g X, PR VLN R M =R R
(intrinsic pOEXéggbg?ygﬁérgg%ohsaLOgnfgwer supply voltage is enabled,
thereby advantageously decreasing power consumption in the
5 circuit. Further, since the high resistance rb is inserted
between the input terminal and base electrode 14 of TFT, an
iﬁput current flowing from the input terminal to the.source
electrode via base electrode 14 is suppressed,fﬁhereby
decreasing power consumption.
10 Eighth Embodiment of the Invention:
Fig. 14 is a cross-sectional view of a complementary
(CMOS) inverter circuit comprised of inverted staggered TFTs
indicated in Fig. 1, and Fig. 15 is a pattern configuration
of the inverter circuit of Fig. 14. The structure of an N-
15 type transistor indicated to the left side in Fig. 14 is
the same as in Fig. 1. However, in order to realize a
faster circuit operation, intrinsic poly-Si film 301 having
a greater carrier mobility is used as its active layer.
" The structure of a P-type transistor indicated té the right
20 side in Fig. 14 has a complementary structure with respect
to that of the above—méntioned N-type transistor. Namely,
n-type poly-Si layers 311, 321 are formed selecfively and
partially on the surface of intrinsic poly-Si film 301, and
further, P-type poly-Si layers 331 are formed on the other
25 areas of the surface of intrinsic poly-Si film 301 where n-

type poly-Si layers 311, 321 are not formed. In the above

P-type transistor, the minority carrier which is electrons



surroundi ng both the base electrode 14 and p-type poly-Si |ayer 331. A gate
insulating film 201 made of SiJerr] is fornmed 10 on a part of the
intrinsic sem conductor |ayer 301, then, a gate electrode 10 nade of
alumnumis fornmed on the gate insulating film 201. The n-type poly-Si

| ayers 311 and 321 formed in contact in part with intrinsic sem conductor

| ayer 301 are further connected with a soulbe el ectrode 11 15 and a drain
el ectrode 12 hoth nmade of chrom um respectively. Then, source el ectrqde

d
11, drain el edfr dddecresh From LagreLLLGHECEs e 206 ¥3dn 408 BytYPFr BPL¥i ve
insulating fil.m21, and the entire structure_of the_device is encapsul%ted
in a passivat Sdn leyes 311,Awberepy: Ats rhreshpld) veltege df dgcresded by
invention, the nmajority carriers _are_electrons and the mnority carriers
are hol es as ithe B&me astion, a8 Aenthsr NrtyPen f&nsSd$tokccording to this
devi ce arrangenent of the third enbodi nent of the_invention, when a
posi tive vol tage whi ckhegefore, it beGemes RPSFAPLE A0¥othggdn¥erssEr ce
el ectrode 11 i's applied to the base el ectrode 14 which is in contact with
p-type poPy- SCOmRFdseds L sRRiGPREGUCEPL  glement soprcrerddng, &0 the
invention to be switched at a low input voltage Vin,
thereby effectively reducing power consumption in the
circuit. Further, it is the same as in the embodiment of
Fig. 13 that the bases of the P-type transistor and N-type
10 transistor are connected to their gate electrodes via base
resistance rb. Thereby, since an input current flowing from
the input terminal to the source electrode through base:
electrode 14 is suppressed, power consumption can be
substantially reduced.
15 Ninth Embodiment:
Fig. 16 is a plan view of a unit picture element of
a TFT active matrix constructed using semiconductor
elements of Fig. 1. A cross-section of structure taken
along X-X' in Fig. 16 is the same as that of Fig. 1. The
20 active matrix is comprised of: a scanning electrode 100
formed on a glass substrate; a signal electrode 120 formed
intercrossing with the scanning electrode; a TFT formed in
the vicinity of the intercrossing of these electrode,
comprising an intrinsic a-Si film 30, a source electrode 11
25 and a base electrode 14 formed on the intrinsic a-Si film

30; a pattern of an intrinsic a-Si film 30 formed separate

from the intrinsic a-Si film 30 of the TFT and an n-type a-



18 caused to be injected into intrinsic sem conductor |ayer 301. Thereby,
under the sanme principle of operation of the sem conductor device as
indicated in Fig. 1, it becones possible to | ower the threshold voltage,
thereby 5 substantially inproving the current drivability. Further,
according to this enbodi nent of the inventign, n-type poly-Si |ayers 311
and 321 are fornmed by neans of self-alignm%ﬁ Wth respect to the pattern

o AL 0 SRt o e
Bhot ol { ¢ hogr agie. PO SYRF At btk HOTEE- bot b pat terns_of -t ype.
B o ot e 3t ornhe ek e e A S e 19 1o
manuf act ur e. é%ééégéé”éé“ﬂieé€¥¥é2£f§Eﬂgﬁégﬂi p-type a-Si layer 33 which
5 is formed on the surface of intrinsic a-Si film 30 which
constitutes the TFT with a pattern of n-type a-Si film 31
ﬁhich is formed on the surface of an intrinsic a-Si film 30
formed separate from the p-type a-Si layer 33. A contact
electrode 15 is formed sepérate from the base electrode 14

10 and in contact at its one end with the n-type a-Si film 31
on the intrinsic a-Si film 30, and the other end of the
contact electrode 15 is connected with scanning electrode
100 via a throughhole TH provided in a gate insulating film
20.

15 | In this arrahgemenﬁ, the pattern of n-type a-Si
film 31 formed on the intrinsic a-Si film 30 which is in
contact both with the base electrode 14 and the contact
electrode 15 provides for a base resistance corresponding
to the base resistance rb in the equivalent circuit of Fig.

20 7. A value of resistance rb can be controlled by adjusting
a gap between the base electrode 14 and the contact
electrode 15. Scanning electrode 100 can.feed a base
current since it is connected to base electrode 14 via the
resistance, thereby eliminating necessity of providing

25 additional feeder wiring, thereby prevéhting the aperture
ratio of picture elements from decreasing. Further, since

the base resistance is formed utilizing one of the



advant age that parasitic capacitances between gate el ectrode 10 and source
el ectrode 11 as well as between gate el ectrode 10 and drain el ectrode 12
can be mnimzed 20 since width of overlapping of gate electrode 10 with
n-type poly-Si layers 311, 312 is ninimzed due to the self- alignment
processing of the invention, thereby realizing a faster operation of the
devi ce. Fourth Enbodi ment of the Invention2825 When a
sem conduct or device . s for havj ng, four tern na | ectrode, a
Irf onbith tional

lﬁ of a gate g
source el ect r SERLCONEPGEATFLLRE (WBIGR COnBhiLUELEPROTET, { ARsaddition

sem conduct or _devi ce 1 our rmnal s, canpot be applied as it is

hayi t
to a transistBFoFSFsu§8ri%oﬁgghagF%ecF9§§§FaﬂF§pFéyeBFm¥HaFF§'aEESEFHYed

drive circuit which_princ ree- termnal transistors.
Lity

| pal | [ t
Therefore, in%oM8 bngptﬁg Pﬁ?éggglgfgﬁ?gfé?ﬁFﬁap'transistor, an

addi tional wring ”“5%18? 18 is a schematic diagram representing an

5 equivalent circuit of a display constructed using the unit
picture elements of Fig. 16. In the drawing of Fig. 16, XiG,
Xi+1G,... represent picture signal electrodes each connected
to a picture element for forming a green filter G. Likewise,
XiB, Xi+B,..., represent picture signal electrodes each

10 connected to a picture element for forming a blue filter, and
XiR, Xi+R,..., represent picture signal electrodes each
connected to a picture element for forming a red filter. Yi,
¥i+l,..., are scanning electrodes 100 for selecting-picture
element columns X1, X2,..., and these scanning electrodes 100

15 are connected to a vertical scanning circuit V. The picture
signal electrodes are connected to a picture signal drivé
circuit H. A block of SUP includes a power circuit for
obtaining a plurality of stabilized power supplies by
dividing a single power supply, and a converter circuit for

20 converting information suitable for display on a cathode
ray tube supplied from a host computer to information
suitable for display on a liquid crystal display.

Each of a plurality of display regions surrounded by a
plurality of scanning electrodes and a plurality of picture

25 siénal electrodes on the display area formed on the insulated
substrate is comprised of a switching element connected to

its associated scanning electrode and picture signal -



provi ded for supplying a base current, which substantially conplicates its
circuit configuration and increases the area for circuits. Thereby, wth
reference to Fig. 7, by taking into 10 consideration the fact that an npn
type bi polar transistor conprising n-type a-Si |ayer 32, p-type a-Si |ayer
33 and n-type a-Si layer 31 is forned between source el ectrode 11 and
channel ch in this field effect transistorngET) of the fourth enbodi nent

of the inventiqgn, it js contenplated that 1i a ggse current, can be
suppl i ed fronelRStEREAe nR PIFKNZE RyePEPkeEleGhLods coppggiedstondhgat e
el ectrode 10 vig resistance rb having an appropriate val ue., \Wen the gate
and base are 58&#&%9@& Filemeasi s Ao REENEErPPREd, §dECEERIE AisPR§ed

conventional |y woul,d have been , 20 required for supplyi a base current

. . n
to the base ePPPPPIEE EQntHE BAFHIKS: € ?m?ﬁ§r85§°§FﬁﬁPkf?gﬁgat &9RAF ng

substantially and égproving_the densit% of circuit integration, thereby
al l owi ng a fi fE¥stadolayesn igtegpegrdy besvween, Ehe pdgtuss elemepk

Enbodinen% of the Inventiaon:
electrode and the counterposed electrode.

As this switching element provided in each display
region, the semiconductor element of the invention is used.
By use of the semiconductor element of the invention as the
switching element in each display region, an output voltage

10 from vertical scanning.circuit V can be decreased, thereby
substantially reducing the power consumption in the liquid
crystal display.

Tenth Embodiment:

Fig. 19 is a plan view of a planar type TFT according

15 to a tenth embodiment of the invention. Figs. 19(a) and 19(b)
depict N-éype and P-type TFTs, respectively. Further, Fig.
19(c) is a cross-sectional view taken along Y-Y' in Fig.
19(a), and Fig. (d) is-a cross-sectional view taken along
X-X' in Fig. 19(a). Other cross-sections along A-A', B-B'

20 and 2Z-2Z' of Figs. 19 (a) and (b) will be shown in Fig. 24
.to be described later.

According to.this embodiment of the invention, in the
same manner as in the fifth embodiment of the inveﬁtion, an
intrinsic semiconductor layer 301 having a convex planar

25 pattern is provided, and a pattern of a gate electrode 10 is
disposed in the center thereof, and n+layers 311 and 321 are

formed as the source and drain on both sides of the intrinsic



Fig. 8 is a plan view of a planar type TFT of the fifth enbodi nent of the

I nvention, and Fig. 9 is a cross- 20 sectional view of the planar type
TFT taken along X-X in Fig. 8. According to this enbodi ment of the

i nvention, an intrinsic sem conductor |ayer 301 having a convex planar 5
pattern and a pattern of a gate el ectrode 10 disposed in the center thereof
are formed, and on the both sides thereof &Pe formed n+l ayers 311 and 321

as the source and drajn, respectively. By way of exanple, n+layers 311 and
321 are for medeIHCPIGUELEOT. JiaHetn &SRS e FHTHIRT 4 ya-afer 331 1s
transistor of Fig. 6. In . the upper protruding portion of intrinsic

Seni conduct or SARHR B HRREHe: 1o G UPREE BIECSEHANA A e R

base. Source el ectrode 11 and drain electrode 12 are _forned i,n contact with
n+l ayer 311 a&ﬂ%nﬁ%&ﬁ“&é’%‘?{!‘%ﬂraﬁérye&%oém Vg theryr dith 15 SE0F AR
A

in the fifth embodiment of the invention that in a portion

5 extending from the intrinsic semiconductor layer 301
(channel) under the gate electrode to p+layer 331, there is
fbrmed a high resistance layer rb which is not doped with any
impurities of P-type or N-type. According to this embodiment,
an off-set layer roff made of intrinsic semiconductor layer

10 301 is formed between n+1ayers.3ll, 321 as the source and
drain, and the intrinsic semiconductor layer (channel)
immediately below the gate electrode 10. Namely, the
structures of n+layers 311, 321 as the source and drain and
of-p+layer 331 as the base are separated by intrinsic

15 sémiconductor layer 301. In order to provide for such
structures according to this embodiment, a pattern of gate
insulating film 20 is formed in a larger size than.that of
gate electrode 10, then this pattern of gate insulating film
20 is utilized as a mask for forming n+layers 311, 321 as the

20 source and drain, or for p+layer 331 as the base.

Further, as andther feature according to this

embodiment of the invention, as depicted in Figs. 19(c) and
(d), gate electrode 10 has a structure that it extends to the
upper protruding portion of the convex type intrinsic

25 semiconductor layer 301, and that it has a planar patterﬁ
having devoid portions above p+layer 331 provided as the base

and above the high resistance layer rb, and further that



15 portion extending bel ow the gate el ectrode fromintrinsic

-sem conductor |ayer 301 (channel) to p+layer 331 is not doped with any
ipurities of P-type or NNtype and fornms a high resistance |ayer rb. The
source and drain of n+layers 311, 321 as well as the base of p+layer 331
are separated by 20 I ntrinsic sem conductqor |ayer 301 from each ot her
Al so, in this enbodi nent of the invention,%% kew se the first enbodi nent,

2ppl Vi ng & pod ISR GT1EGR IR N 1SR 1ehShtnde I 4 SRREmg b de
11,25, ot as 000 A b Sl SIS NN B P ped 2
per at i on' as. (914 o Rl GGG [HOHReR rTNEY ol S t age
can be decrease. AlSud Y 2 Phe Tiiedidtor davite Uf Whis embodiment can
5 be used as a three-terminal semiconductor element. By
adoption of this planar circuit pattern of this embodiment
df the invention, gate electrode 10 and base electrode 14
can be advantageously connected while minimizing an
increase in area to be occupied by the semiconductor
10 device. Further, by removing a part of gate electrode 10
disposed on the high resistance layer rb, changes of values
of the high resistance layer rb due to a gate voltage can
be eliminated, thereby providing a stabiliZed base current
limiting funétion. Still further, since off-set layer roff
15 in addition to the high resistance layer rb acts to limit
the base current, an excess base current injection can be
more effectively prevented, thereby ensuring operatibh at a
low power until the gate voltage is increased
substantially. Furthermore, since the off-set layer acts to
20 - mitigate electrical field present between source electrode
11 and drain electrode 12, generation of hot carriers is
suppressed, thereby substantially impfoving reliability of
. the semiconductor device.
Fig. 20(a) is a plan view of a unit picture element
25 of a TFT active matrix constructed using the semiconductor
device of Fig. 19(a), and Fig. 20(b) is a cross-sectional .

view taken along X-X' in Fig. 20(a).



capability. 5 Further, by electrically connecting between base
el ectrode 14 and gate el ectrode 10 according to this enbodi nent of the
i hvention, the operation available with the three term nal structure as
indicated in Fig. 7 becones possible. In this instance, since the high
resi stance |ayer 10 rb acts to limt the base current, injection of an
excessi ve base current is prevented, there@? al | owi ng operation at a | ow

Gur'r ent-vol t age char adithd MY SRREIE dt GEATLAeG £F: 3 IRCTBHIS: ment
rrent-vol tage chara i men

of the inventi " suc rain c rrent to e voI age characteristics as
wel | as drain 21 dfla ‘gg %@dﬁﬁi’r@fq'oa

t hose of conventlo aI TFTS i 5 ( and It is ¢gle i ndi cat ed
hat TRTs of  (ASTa ehecrrans, d 2 tsrned t&&c&%ﬁﬁ% & pranning,
substantial l'y reater than the conve tlon TETs,. Sixth Enbodi ment of the

| nventi on: %‘?@f%cé t@qzlé?r“‘ﬂé] in dﬁ?n iGHpidY o5 theintercrossing

5 of these electrodes, including an intrinsic poly-Si film 301,

a source electrode 11 and a base electrode 14 each connected
fo the intrinsic poly-Si f£ilm 301 via a throughhole; and a
picture element electrode 14 connected to source electrode 11
of the TFT. As can be seen from Fig. 20(b) and as indicated

10 in Fig. 19, base electrode 14 connects n+layer 331 and gate
electrode 10. By connecting base electrode 14 and scanning
electrode 100 in this manner according to the invention,
scanning electrode 100 is also adapted to feed a base
current, hence eliminating necessity of providing

15 additional feeder wiring, thereby preventing the aperture
ratio of the picture element from being reduced. Still
further, since the base resistance can be formed using a
part of the semiconductor f£ilm which constitutes the TFT,
additional process for forming the resistance is™’

20 eliminated, thereby simplifying the process of manufacturé
of the semiconductor device.

Fig. 21 indicates an equivalent circuit of a display
which is provided by integrating on a same substrate the
drive circuits constructed using the CMOS inverter of Figs.

25 12 and 13, and the TFT active matrix of Fig. 20. This
display is comprised of: a TFT active matrix 50 according

to the invention; a vertical scanning circuit 51 for



type TFT according to a sixth enbodi ment of the invention is 25
illustrated. Fig. 11 is a cross-sectional view taken along X-Ain Fig. 10.
According to this enbodi nent of the invention, 22 likewise the fifth
enbodi ment, an intrinsic sem conductor |layer 301 is fornmed to have a convex
pl anar pattern, with a pattern of a gate eggctrode 10 di sposed in the
center thereof. On both sides of intrinsic”sem conductor |ayer 301 5 there

AR T B N R S e e e R G R
Do o o 4P YRR, Rk BB bR LBAET SR JRRELR BhpbRAShy By mENEIST
CE SOt o ok Bhp RO ERRR, b RS RS 438LuohEE, koA Re )
P-type or N't¥881,T983?, ..., for supplying video signal data; and a
5 switch matrix circuit 52 for supplying video signals
divided into plurality of blocks to the active matrix.
Vértical scanning circuit 51 and horizontal scanning
circuit 53 are constructed using a shift register and a
buffer (to be described later with reference to Fig. 22),
10 and are driven by clock signals CLl, CL2, and CKV. Fig. 22
depicts a scanning circuit corresponding to one scanning
line. In the drawing of Fig. 22, numeral 70 depicts a P-
type transistor and 71 depicts an N-type transistor. Each of
these transistors has a structure in which its base and gate
15 are:connected via resistance rb. The shift register takes
timing using two phase clocks (Vcpl, Vcp2) and its reversed
cloéks (Vepl, Vep2), reverses an input voltage and shifts it
then to be transferred to the buffer. At the same time, this
signal to be transferred to the buffer is also ihput as an
20 input voltage to a shift register corresponding to the
subsequent scanning line. The buffer outputs a pulse voltage
of a maximum voltage of Vdd2, which becomes a scanning
voltage for the active matrix display.
The shift register of a complementary type TFT using
25 the semiconductor device according to the invention is
confirmed tb be able to operate at a half of the power

consumption normally required with the conventional shift



features are the sane as those in the fifth enbodi nent of the invention.
Anot her feature of this enbodi nent is 15 characterized by conprising an
of f-set layer roff made of intrinsic sem conductor |ayer 301 between

n+l ayer 311 as the source and n+layer 321 as the drain, and intrinsic

sem conductor |ayer 301 (channel) directly3gelom19ate electrode 10. That
I's, n+layers 311 as the source, 321 as the drain, and p+layer 331 as

e, R LB A
o e B R ThE B, RS ReBa L5ch R Lo Ao Lha' ©
GEECRIP ARG AU SR
formed . 23 ig %Et 969355yof the scanning circuit has been halved
5 compared to the conventional level. Thereby, a total power
consumption of the whole active matrix substrate has been
reduced to one third of the conventional.
Although the planar type TFT was used in the above-
mentioned embodiment of the invention, it is not limited
10 thereto, and the-inverted staggered type or staggered type
TFTs as indicated in Figs 1 or 2 may be used as well.'It_
should be noted, however, that since the planar type
semiconductor device in which parasitic capacitance between
the gate and soufce or drain can be reduced, it ensures-a
;5 faster operation to be attained.
Eleventh Embodiment:
Figs. 23(a)-(d) illustrate respective fabrication
steps in cross-sectional view of the semiconductor device
of the invention depicted in Fig. 1. A Cr film i§
20 accumulated by sputtéring on the surface of a glass
substrate 1 to a thickness of 100 nm, and is patterned into
a predetermined planar shape using the known |
photolighography so as to provide a gate electrode 10.
Then, over the entire area of the substrate including the
25 surface of the gate electrode 10, there are formed a
silicon nitride (SiN) film 20, an intrinsic amorphous

silicon (a-Si)- £film 30, and an n-type a-Si film 31,



According to this enbodi nent of the invention, |ikew se the case of the
first enbodi ment, the majority carrier is electron, and the mnority
carrier is hole. In 5 this arrangenent, a positive voltage which is
positive relative to source electrode 11 is applied to base electrode 14
which is in contact with p-type poly-Si Iaégr 331, thereby causing the
mnority carrier of holes to be injected ihto intrinsic poly-Si |ayer 301.

Th by, 10 Is i_ncy

com contuct or “BAURBE S YepY £1e” Bl a¥er SR, fethoRPor@bpgicdve Ham ||
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electrode 10 19, ;36G0r A B9 911N AL AIONTEAL Unel Fl.e-t' }é.eﬁt—is(infi(iﬂ\egglehon .
of the sem conducCtor "€l enent "having a three-teérmnal cC i guration a

i ndi cated in H.q. be realized. In this configuration, since the
of f - set Iayer%F%Ffégg%Qérl as the high resistance layer rb acts to limt

e et B HASTRa BAR R Sk LB BB SaBEC A hoR Y
n-type a-Si film into predetermined planar shapes, a
photoresist PR having a predetermined planar shape is
formed on n-type a-Si film 31 such that by using the
photoresist as its mask, n-type a-Si film 31 is patterned

10 into a predetermined shape by plasma etching, that is, the
n-type a-Si film 31 is separated into two parts of n-type
a-Si film 31 and n-type a-Si film 32 (see Fig. 23(b).
Subsequently, an iqn beam IB which contains boron is
irradiated over the entire area on the substrate with the
15 pﬁotoresist still remaining, thereby forming a p-type a-Si
film 33 in an area on the surface of the intrinsic a-Si film
30 from which the n-type a-Si film 31 was removed partially
(refer to Fig. 23(c)).
Then, after having removed photoresist PR, Cr and Al
20 are sputtered to a thickness of 40 nm and 400 nm,
respectively, and’whicﬂ are patterned into each predetermined
shape so as to provide for a source electrode 11, drain
electrode 12 and base electrode 14, respectively. Finally, a
SiN film is formed by the plasma CVD method to a thickness of
25 400 nm as a passivation film 22, thuslcompleting the
fabrication of the semiconductor element of the invention

(refer to Fig. 23 (d)).



gate voltage is increased substantially greater. Further, since the off-set
| ayer acts to mtigate electrical field present between source el ectrode 11
and drain electrode 12, 25 occurrence of hot carriers is suppressed,
thereby inproving reliability of conponents substantially. Seventh

Enbodi ment of the Invention: 24 Fig. 12 is a schematic diagramof a
circuit configuration of a conplenentary (8RIS) inverter using the
sem conductor elenments of Figs. 8 and 9, and Fig. 13 is a.,pattern 5

configuration of the PRFErGeNgcteckhisoempodimeht ef; they djaventioRa, Pstype
are used, in particular, in the drive circuit in a liquid crystal displ
The conpl ementaSyt ilavex &3 déc Formes by Sel-addemifgh wikh BefFet@ &S s

conprised of a P-type transistor PMOS_and an _N-type transi staor NMOS, 10
wherei n each PXEeIRE Bf a-tyPea@rSiy dyessodla@@d 32. That is, p-type

a-Si layer 33 is formed utilizing the patterns of n-type a-Si
5 layers 31, 31 as its own mask. Thereby, both the n-type a-Si
layers 31, 32 and p-type a-Si layer 33 can be formed
advantageously by one photolithographic process according to
the invention, thereby simplifying the process of fabrication
and reducing the cost of manufacture.
10 Twelfth Embodiment:

With feference to Figs 24(aj—(f), fabrication
processes of fabricating the complementary (CMOS)
semiconductor device indicated in Fig. 19 according to the
invention are illustrated in respective cross-sectional

15 views. In the drawings of Fig. 24, sections indicated by A-
A', Y-Y', B-B', Z2-Z' correspond respectively to cross-
sections indicated by A-A7, ¥Y-Y', B-B', Z-2' in Figs. 19.

After forming an intrinsic a-Si film 30 on a glass

substrate to a thickness 50 nm by the LPCVD methaa, a high

20 intensity XeCl excimer laser beam LASER is irradiated at an
energy density of 330 mJ/cm’® from the above such that the
intrinsic a-Si film 30 is caused to melt and recrystallize td
obtain an intrinsic polycrystalline silicon (poly-Si) film
301 (refer to Fig. 24(a)).

25 After patterning the poly-Si film 301 into a
predetermined planar pattern, S$iO, film is formed to a

thickness 100 nm by the plasma CVD, and Al film is formed



electrically connected via base resistance rb. Afirst wiring el ectrode 105
coupling gate electrode 10 of TFT with input termnal Vin is provided
extending to a protrusion of a TFT having a convex pattern, and is
electrically 15 connected via a second wiring el ectrode 106 to the base
el ectrode forned in the protrusion. Further, electrodes for supplying
reference vol tage Vss and power supply volgage Vdd to the circuit, as well

as output term nal Vout are provided by the secondg wirin %O Ig trode
106. In ordertPoarégPF¥§e§Sf§QP EWrPMi¥h8p§P&FFSF}anWPFﬂQ ¢ BBﬁy-gFYfPFﬁ1

301 which has a %reater,carrier mobility_is used as an active Iaﬁer..
Further, in oP@&Ferpeg éDiR: ra8RPSBAVEoR1BPALLRREELERSS BPCc@8(HP) RyOVide a

operation due to hqot carriers, Ntype transistors_in which_25 ot
carriers tendgﬁﬁeoéBﬁPléFénﬂaSF@Ea¥Bdapé ﬁaGétSfPlEEFrpgﬁeF%réFPQS§ to
indicgted I n ;Eg; %2(b¥5?n8i5tors constituting the inverter circuit
5 After forming a photoresist pattern PR1 having a
predetermined shape, and by using patterns of the photoresist
Pkl and gate electrode 10 as its mask, an ion beam IP which
contains phosphor is irradiated to form an n-type poly-Si
layer 311 (refer to Fig. 24(c)).

10 After having removed the photoresist pattern PR1,
another photoresist pattern PR2 is formed, and by using
patterns of the photoresist PR2 and gate electrode 10 as its
mask, an ion bean which contains boron is irradiated
thereover, thereby forming p-type poly-Si layers 331. After

15 héving removed the photoresist pattern PR2, an XeCl excimer
laser beam is irradiated once again thereover at an energf
density of 200 mJ/cm’ so as to activate injected phosphor and
boron, thereby decreasing electrical resistance of n-type

" poly-Si layer 311 and p-type-poly-si layer 321 (tefer to Fig.

20 24(d)).

Then, an Si0, film is formed by the plasma CVD method
to a thickness of 300 nm as a passivation film 22, which is |
then patterned into a predetermined pattern as depicted in
Fig. 24(e).

25 Finally, Cr and Al are deposited to thicknesses of 40

nm and 400 nm, respectively by sputtering, then they are

patterned into respective patterns to provide for a source



25 according to this enbodi nent are enabled to operate at a | ower threshold
vol tage by the action described above. Thereby, operation at a | ower supply
vol tage i s enabl ed, thereby advantageously decreasi ng power consunption in
the 5 circuit. Further, since the high resistance rb is inserted between
the input term nal and base el ectrode 14 of TFT, an input current flow ng
fromthe input termnal to the source el ecBBode via base electrode 14 is

suppressed, thereb ecreasi ng .power consunption. 10 Ei.ght h Enb 3inent of
t he Invention?iﬁF§.° g 1d,odL g&@@FFﬁﬁ&FR i 8R9 aéec8&§F§FP aa r( CMOS)
I nverter circuit conprised of inverted staggered TJFTs indicated in Fig. 1,
and Fig. 15 i £hgrg t&PH‘PS'SFF"i"‘Gquﬁi Brogesenefi hgbricatdercaft the Fig. 14.
The structure of .an 15 ype transistor, indicated tqQ the left ,side in
Flg. 14 1 st heeTiaenductRray et Slotbe, LAYeRton o8 ABSRCALSd ARsFin-
circuit operatio%, intrinsic poly-Si film 301 having a greater carrier
mobility is uddfds its active | ayer. The structure of a P-type transistor

i ndicated to the ri%ht .
5 Thirteenth Embodiment:

Fig. 26 is a schematic block diagfam in cross-section

of a liquid crystal display according to the invention. On a
glass substrate 1 disposed below a liquid crystal layer 506
disposed in the center portion in Fig. 26, there are.formed

10 a scanning signal electrode 10 and a picture signal electrode
120 both intercrossing in matrix, a TFT which is formed in
the vicinity of the intercrossing, and a picture element
electrode 13 made of ITO which is driven via the TFT. On a
counterposed glass substrate 508 disposed opposite to glass

15 substrate 1 with.respect to the liquid crystal layer 506
which is interposed therebetween, there are formed a
counterposed electrode 510 made of ITO, color filter 507,
color filter protection film 511 and a shading film 512
which forms a shading black matrix pattern. The center

20 portion of Fig. 26 represents a cross-section of one
picture elément portion, the left side portion of the
drawing represents the left side end portion in cross-
section of a pair of glass substrates 1 and 508 wherein an
external lead terminal is provided, and the right side

25 portion of the drawing represents the right side end
portion in cross-section of the pair of glass substrates 1

and 508 wherein no external lead terminal is provided.



20 side in Fig. 14 has a conplenentary structure with respect to that of
t he above-nentioned N-type transistor. Nanely, n-type poly-Si |ayers 311,
321 are formed selectively and partially on the surface of intrinsic
poly-Si film 301, and further, P-type poly-Si layers 331 are fornmed on the
ot her 25 areas of the surface of intrinsic poly-Si film 301 where n- type
poly-Si layers 311, 321 are not fornmed. In3Phe above P-type transistor, the
mnority carrier which is el ectrons 26 i.s injected from base ebecirgde
14 and via the n-typeSgalymagerigleSL3providedcgp bpEh: RLdeford $BPt 4GLti s
decreased by the sane action as in the N-type transistaor. Therefore, it
beconmes possi BRE¢ POrtige apgethe rdghte pogkign denfesmedcsor a8 &refedl
according to the invention_tqQ be switched at a | ow i nput voltage_ Vin,

t her eby ef f ecti@Bif CEy§Eady LBFREr 506ns dRk i6n fPXMERe adPngyuithe WhrdRer, it

Is the sanme as in . the enbodinent of )
portion of periphery of the pair of glass substrates 1 and

5 508 except for a liquid crystal injection port (not shown).
The seal material may be made of epoxy resin, for example.
Céunterposed electrode 510 provided on the counterposed glass
substrate 508 is connected at least at a part thereof to the
external lead wiring on glass substrate 1 via silver paste

10 SIL. This external connection wiring is formed in the same
fabrication process as each of those for scanning signal
wiring 10, source electrode 11, picture signal wiring 120 and
base electrode 14. Respective layers of orientation film
ORI1l, ORI2, picture element electrode 13, protection film

15 22, gate SiN film 20 are formed inside the seal material SL.
Polarization plate 505 is formed on each outer surface of £he
pair of glass substrates 1 and 508.

Liquid crystal layer 506 is interposed between the
j upper orientation film ORIl and the bottom orientation film

20 ORI2 which set orientation of liquid crystal molecules, and
is sealed by the seal material SL. The bottom orientation
film ORIl is formed in the upper portion of protection film
20 on the glass substrate 1. On the internal surface of
counterposed glass substrate 508, there are formed

25 seqﬁentially by lamination shading f£ilm 512, color filter
507, color filter protection f£film 511, counterposed

electrode 510 and the upper orientation film ORI2. This



Fig. 13 that the bases of the P-type transistor and N-type 10 transi stor
are connected to their gate el ectrodes via base resistance rb. Thereby,
since an input current flowng fromthe input termnal to the source

el ectrode through base el ectrode 14 is suppressed, power consunption can be
substantially reduced. 15 Ni nt h Enbodinent: Fig. 16 is a plan view of a
unit picture elenent of a TFT active matri 40constructed using seni conduct or
el ements of Fiig. 1., A cross-section of structure taken alon% X-X in Fig.

16 is the san@1&§1ﬂh§FY§FaﬁlGlsPlaYhéSZG°ns§6 ucked Ry thei $t€g$pPifsed of : a
scanni ng el ectrode 10Q farnmed on gl.ass substrate; _.a signal el ectrode 120
f or med |ntercF@@@Fﬁ&e&Wtﬁ°Fmén§C§ﬁﬁ|AQYSFécPPOGQe glpes gHPﬁ@Jaﬁﬁ fh&nd
vicinity of the intercrossing of these el ectrqode, conprising an intrinsic
a-Si film 30, thesd@¥egseoa: thedsounterposgdy 94 asss SubsEzatsd&084 formed on
the intrinsic_a-Si film30; a_pattern of an intrinsic a-Si film 30 forned
separate fromi@mdnating,she glessi sphstgage dhenvrthgngoynteropsed,glass

5 substrate 508; and sealing liquid crystal 506 in a space
therebetween. Then, a TFT driven color liquid crystal
display is provided by enabling adjustment of transparency
of light from a backlight BL by picture element electrode 13.

| Since the semiconductor device according to the

10 invention described above is used as TFT to drive the picture
element electrode 13 at a reduced voltage, liquid crystal
displays capable of operating at a reduced power consumption
have been realized.

Fourteenth Embodiment:

15 Fig. 27 is a schematic block diagram in cross-section
of a reflection type liquid crystal display according to the
invention. Only a cross-section of a picture element portion
is indicated. On a glass substrate 1 provided below a liquid
crystal layer 506 which is in the center portion”in Fig. 27,

20 there are formed scanning signal electrode 10 and picture
siénal electrode 120 intersecting each other in a matrix,
and a TFT which is formed in the vicinity of the
intersection for driving a picture element electrode 130
provided thereon. According to this embodiment of the

25 invention, picture element electrode 130 is made of Al. On
the internal surface of counterposed glass substrate.508

disposed opposite to the glass substrate 1 via liquid



27 Si film31; and a picture el enent electrode 13 connected to the source
el ectrode 11 of the TFT. As seen fromFigs. 1 and 17, base electrode 14 is
arranged to electrically contact p-type a-Si |ayer 33 which 5 is formed
on the surface of intrinsic a-Si film30 which constitutes the TFT with a
pattern of n-type a-Si film 31 which is fornqed on the surface of an
intrinsic a-Si film30 fornmed separate fr ofhlt he p-type a-Si layer 33. A

o cont act ot e AERAIE A IOSER S Lasmad (ARt anpased aissre *
w th scanni n SEciSE 290 5A% 5D 1 SRR LAT FASARRRL T S ghea 1
a1 m sl e Strting Side ik & A wadihe B mekaltol b
with the base pealtetcetrrno.d%‘ul:éhaer}:d, tp easceoriatlaactte 530 for shifting phase of
5 light and polarization plate 505 are formed on the outer
surface of counterposed glass substrate 1, 508. Respective
iayers of orientation films ORIland ORI2, picture element
electrode 13, protection film 22, and gate SiN film 20 are
formed inside a seal material (not shown). Liquid crystal
10 layer 506 is insertéd between the upper and the bottom
orientation films ORIland ORI2 which set orientation of
liquid crystal molecules, and is sealed by the seal
material. The bottom orientation film ORI1 is formed in the
upper portion of protection film 22 on the glass substrate
15- 1. On the internal surface of counteiposed glass substrate
508, there are formed in lamination sequentially a shading
film 512, color filter 507, color filter protection film
511, counterposed electrode 510 and the upper orientation
film ORI2. This liquid crystal display of the inVention is
20 fabricated by the steps of: separately forming layers on
Ehe glass substrate 1 and on the counterposed substrate
508; then, laminating both the glass substrate 1 and the
counterposed substrate 508; and sealing liquid crystal 506
in a space therebetween.
25 Since this embodiment of the invention is of a
reflection type display, incident light comes from a light

source provided outside counterposed glass substrate 508, and



el ectrode 15 provides for a base resistance corresponding to the base
resistance rb in the equivalent circuit of Fig. 20 7. A val ue of

resi stance rb can be controlled by adjusting a gap between the base

el ectrode 14 and the contact electrode 15. Scanning el ectrode 100 can feed
a base current since it is connected to base electrode 14 via the

resi stance, thereby elimnating necessity providing 25 addi ti onal

From decr cas! gL ARIRIETS HARY He Taneed S Sl R ng one
of the 28 sem conduct or, fil s i ch co stltut t TFT ddltlonal
process for f(ﬁ"rﬁﬁeﬁf r%‘ﬁ?"t%c%p ""sﬁalg]:?f1 Thg the
qui val ent | MEALeGLGR dlin £pidh m& oct:%;én%lat%mre rese“{#ﬁ%ém
of Fig 16 ||}&Jg%é¥gRM1 (ﬂﬁgqp ov1de3(1n which intensity of reflected
5 light is adjusted in the portion of liquid crystal layer 506.
In this type of reflection type display, since the backlight
ﬁhich.consumes considerable electric power is eliminated, a
low power consuming liquid crystal display can be realized.
Further, if the above-mentioned semiconductor device of the
10 invention is utilized as TFTs for driving picture element
electrode 130 and/or TFTs for constituting associated
peripheral drive circuits, since the electric bower consumed
in the active matrix substrate components can be reduced,
there can be realized a very low power consuming liquid
15 crystal display. This type of liquid crystal display of the
invention is most preferable for use as an image display
device in a portable information terminal which is driven
by dry cells.
As described heretofore, there is such an advantage
20 according to the invention that the field effect
semiconductor device of the invention can reduce its
threshold voltage substantially, thereby decreasing its
operating voltage of its circuit or active matrix, and

thereby reducing the power consumption in the display.



Xi +1G, . . . represent i §LULS gl.opal el ectrodes each connected to a picture

el enrent for formng cd, Likewise, XiB, X +B, ..., r epr esent
pt cture signal elect ﬂ,lmm ! ,L connected to a picture elenent for
formng a blue filter! i, R ..., represent picture signa

col ums X1y 7€0¥kafigag gann ng, ol ectroces 0B R ¢ cqnnect ed 1o
Lo, 2 P ture gl dod e Glh Pty b\ Bt P b T tlee e pover
ot or mati o SUTEBTAYSS K AAARF GRS, o HERE (48 CERRERAIINS APd Tom & host
CorpUL e 2 LR S bl Yl Sl Ao Yty S 0L
scanni ng giectrodes.and a plurality of picture 25 signal el ectrodes on

t he di spl are T or'tred on the insul ated substrate is conprised of a

w tchin I n nn . .
swtc g efenment co éﬁnéﬁﬁté% said pair of substrates there are formed a

el ectrodes each connected to a picture el engnt - formo—e—Tetafilter.
Yi, Yi+l,..., are scanning el ectrodes 100 f ﬁw&%ﬂ%ﬁl&@ﬁmel enent
0 .

élurality of semiconductor elements disposéd in a matrix;
wherein
each of said plurality of semiconductor elements
10 comprises: a first, a second, a third and a fourth
electrodes; a pair of a first conducting type semiconductor
layers separate from each other and connected to said
second and said third electrodes, respectively; an
intrinsic semiconductor layer provided in contact with both
15. the pair of the first conducting type semiconductor layers;
and a second conducting type semiconductor layer formed on
the intrinsic semiconductéor layer, and wherein |
said first electrode is formed on said intrinsic
semiconductor layer via an insulating film, and °~
20 said fourth electrode is formed on the second
cénduéting semicondudtor layer which is formed on said

intrinsic semiconductor layer.

2. A liquid crystal display according to claim 1,
25 wherein said pair of the first conducting type
semiconductor layers and said second conducting type

semiconductor layer are separated from each other by said

* c L M s * ’



Its associ ated scanni ng el ectrode and picture signal 29 electrode, a

pi cture el enment el ectrode connected to the switching elenent, a

count erposed el ectrode di sposed opposite to the picture el enment el ectrode,
and a liquid crystal |ayer interposed between the picture elenment 5

el ectrode and the counterposed electrode. As this swtching el ement
provided in each display region, the sem cBAduct or el ement of the invention
I's used. By use,of, the sem.conductor elenent of the invention as the
swi t ching el endHE 40848, SFHCORARCEOX,il8WeTan out put vol tage 10  from
vertical scanning circuit V can be decreased, thereby substantially
reduci ng the power consunption in the liquid crystal display. Tenth

Enbodi nent: Fig. 19 ig & ' . 5¥g CQRdis 15 to a
tenth enbodiné%t of t eaﬁ gﬁtﬁgﬁgkgﬁgg}gkggggaan %fégé)%% %1%1&92, '
wherein the intrinsic semiconductor layer has a region
5 extending greater than a region of the insulating layer

toward said pair of the first conducting type semiconductor

layers on said substrate.

4. A liquid crystal display according to claim 1,
10 wherein said first electrode and said fourth electrode are

electrically connected via a resistance.

5. A liquid crystal display according to claim 1,
wherein said intrinsic semiconductor layer, said first

15 conducting type semiconductor layers, and said second
conducting type semiconductor layer are comprised of a
semiconductor f£ilm made of either one of silicon, silicon

.germanium and silicon carbide.

.-

20 6. A liquid crystal display according to claim 1 wherein
said intrinsic semiconductor layer, said pair of the first
conduéting type semiconductor layers, and the second
conducting type semiconductor layer are made of a
polycrystalline silicon fiim, respectively.

- 25
7. | A liquid crystal display according to claim 1,

wherein said plurality of the first conducting type layers

(e



depict N-type and P-type TFTs, respectively. Further, Fig. 19(c) is a
cross-sectional view taken along Y-Y' in Fig. 19(a), and Fig. (d) is a
cross-sectional view taken along X-X in Fig. 19(a). O her cross-sections
along A-A'", B-B 20 and Z-Z' of Figs. 19 (a) and (b) will be shown in
Fig. 24 to be described later. According to_this enbodi nent of the
invention, in the sane manner as in the fif#th enbodi nent of the invention,

an intrinsic senjconductor | ayer 301 havi.ng a convex pl anar .25 pattern is
provi ded.  and b aadt segond Soandugiting syde Genscondicor Lavere Axen A

t hereof, and n+l ayers 311 and 321 are forned as the source and drain on
both si des of NTAeESTRGANAUCESS 206 GoRnidRS: SeRFEONIEE T et i vel y.

Further, p+layer 331 s formed as the base in the upper protrusion of the
convex i ntri nSSSREGHIYEIFuct or | ayer 301. Further, it is the same as in the
fifth enbodi ment of the invention that in a portion :

5 8. A liquid crystal display according to claim 1,
wherein said intrinsic semiconductor layer is injected with
a current carrier from the fourth electrode via the second

conducting type semiconductor layer.

10 9. A liquid crystal display according to claim 1,
wherein said first, said second, said thifd and said fourth
electrodes correspond to a gate, a source, a drain and a

base electrodes, respectively.

15 10. A liquid crystal display according to claim 1,
wherein each of said plurality of semiconductor elements
has a structure either of a planar type, an inverted

staggered type or a normal staggered type.

P

20 11. A liquid crystal display according to claim 10
wherein said first electrode is formed on one of said pair of
substrates, said insulatihg layer is formed on said first
electrode, said intrinsic semiconductor layer is formed on
said insulaﬁing layer, and-said pair of the first conducting

25 type semiconductor layers are formed on said iﬁtrinsic

semiconductor layer.

[ (AT




5 extending fromthe intrinsic seniconductor |ayer 301 (channel) under
the gate electrode to p+layer 331, there is forned a high resistance |ayer
rb which is not doped with any inpurities of P-type or N-type. According to
this enbodi nent, an off-set |ayer roff nade of intrinsic sem conductor

| ayer 10 301 is forned between n+layers 311, 321 as the source and drain,
and the intrinsic sem conductor |ayer (cha ) imrediately bel ow the gate

el ectrode 10. mely, the structures of,  n+tlayers 311.. 321 as .the rce and
drain and of pkfayer 87 Jé%mtcﬁé’r@’as{sst@]ard&%ré? AP H9 r%]ia},mi?(w |
sem conductor |ayer, 301.,ln order to provide for,such structures according
to this enbodi'HRKein %%&4&%%5 gf'ai'[eé-&'r 'atﬁfgdfﬁjrﬁ‘ioe#%c*f%?&ﬁeoaq‘ﬂ a

| arger size than, that of gate electrode 10, then this ttern of, gat
sulating 11134 Fauh 6 bR rade, TRECTIET i GRE (B S BRI 051 as
the 20 source and drain, or for p+layer 331 as the base. Further, as
anot her feat urtPRRTASYy to this embodi ment of the invention, as depicted

in Figs. (c) and (d), gate electrode 10 has a structure that it extends
to the upper protruding portion of the convex type intrinsic
13. A liquid crystal display having a pair of

éubstrates at least one of which is transparent, and a
liquid crystal layer which is held between séid pair of
substrates, wherein
10 one of said pair of substrates has a display region
and a drive circuit region for driving said display region
disposed on the surface thereof, wherein
in said drive circuit region, there are formed a
plurality of complementary N-type aﬁd P-type semiconductor
15 eiements which constitute a shift register, wherein
each one of said N-type semiconductor elements formed
in said drive circuit region comprises: a first, a second, a
third and a fourth electrodes; a pair of N-type con&ucting
semiconductor layers separated from each other arid connected
20 to said second and the third electrodes, respectively; an
intrinsic semiconductor layer connected to said pair of N-
type conducting semiconductor layers; and a P-type conducting
semiconductor layer which is formed partially on said
intrinsic semiconductor layer, wherein said first electrode
25 is formed on said intrinsic semiconductor layer via an
insulating film, and said fourth electrode is formed on the

P-type conducting semiconductor layer which is formed

R O O




25  seniconductor layer 301, and that it has a planar pattern having
devoi d portions above p+layer 331 provided as the base and above the high
resi stance | ayer rb, and further that 31 p+layer 331 as the base and
gate el ectrode 10 extending to the protrudi.ng portion are electrically
connected by base el ectrode 14. By connecting between p+l ayer 331 and gate
el ectrode 10, the sem conductor device of #fi's enbodi nent can 5 be used

as a three-term nal _sem condyctqr el.enment. By, adopti-on Qf this planar
cirouit patt eFRTA-ALEYS Of SRt ARt TR S SERASAABICt A k28 e ke 10 and
base el ectrode 14 can be_advant ageoysly_cgonnected while mnini.zing an
increase in area to b&3GLcQfi 881 Hé%gé%WbG&d ctgPe Fon i*®€. Furt her,

e e B, TR YRR P S Sl RS
voltage can be, SorTeed:*% FiT5e s Bedond,"d 2nlrd and & ffnsnt " e
5 electrodes; a pair of P-type conducting semiconductor
layers which are formed separate from each other and
cbnnected to said second and said third electrodes,
respectively; an intrinsic semiconductor layer connected to
said pair of P-type conducting semiconduétor layers; and an
10 N-type conducting semicohductor layer formed on the
intrinsic semiconductor layer, and wherein said first
electrode is formed on said intrinsic semiconductor layer
via an insulating film, and said fourth electrode is formed

on the N-type conducting semiconductor layer which is

15 formed on said intrinsic semiconductor layer.

14. A liquid crystal display according to claim 13,

wherein said semiconductor element formed in said display

region is an N-type seﬁiconductor element. -

20 |
15. A liquid crystal display according to claim 14,
wherein said N-type semiconductor element formed in said
display region comprises: a first, a second, a third and a
fourth eléctrodes; a pair of N-type conducting

25 semiconductor elements formed separate from each other and

connected to said second and said third electrodes,

respectively; an intrinsic semiconductor layer connected to

LI




ITmting function. Still further, since off-set layer roff 15 in addition
to the high resistance layer rb acts to limt the base current, an excess

base current injection can be nore effectively prevented, thereby ensuring
operation at a |low power until the gate voltage i's increased substantially.
Furthernore, since the off-set |ayer acts tg mtigate electrical field
present between source el ectrode 11 and dr 4Pn el ectrode 12, generation of

the sem condulRdt RIECET t“eref’cén R é?%'ﬂ{#cén%‘%é'r”% vege and &
devi co of Fi g PH3pR ¢ m%-"‘ s r%%%?%yserc%% S Eaen ol ong
el actrode 10037 amwﬂ%ﬁ@ ; %‘evﬁfl%‘f GradtRzai maig Gt TR
is formed on said intrinsic semiconductor layer via an
5 insulatingdfilm, and said fourth electrode is formed on the
P-type conducting semiconductor layer which is formed said

intrinsic semiconductor layer.

ls. A liquid crystal display according to claim 13,
10 wherein the semiconductor elements formed in said display
region and said drive circuit region are either of a planar

type, inverted staggered type and normally staggered type.

17. A liquid crystal display according to claim 13,
'15 wherein the intrinsic semiconductor layer, N-type conducting
semiconductor layer and P-type conducting semiconductor layer

are made of a polycrystalline silicon film, respectively.

18. A liquid crystal display according to claim 13,

20 wherein said pair of N-type conducting semiconductor layers
and said P-type conducting semiconductor layer are
separated from each other by said intrinsic semiconductor .

layer.

25 19. A liquid crystal display according to claim 18,
wherein a region of said intrinsic semiconductor layer in a

vertical direction of said substrate ektends more than a

* [+ L M s *




signal electrode 120 fornmed intercrossing with the scanning el ectrode; a
TFT formed in the vicinity of the intercrossing 5 of these el ectrodes,
including an intrinsic poly-Si film 301, a source electrode 11 and a base
el ectrode 14 each connected to the intrinsic poly-Si film301 via a

t hr oughhol e; and a picture el enent electrog§]14 connected to source

el ectrode 11 of the TFT. As can be seen fr

Fig. 20(b) and as indicated 10

in Fig. 19, b .el de .14 t I 331 _apd, qgat | ect.r ode 10.
By connect | g BE4E cPECEROHe L RAOARRLCaaNA¥RY BF oLPRBtc tIUOLF B BARRnor

according to t
a base currenf
feeder wring,

e dnvention, scanning electrode 100 is al so adapted to feed
2y HREERG RemfeShuleher ot

sh¥BecFPRANSELRY RELACOR BYPGPng 15 additi onal

t hereby preventing the aperture ratio of the picture el enent

frombeing reduced. Still further, since the base resistance can be forned -

addi Ui onbl. pradsss fof Mgt ccrrethh Silphity FESEAhEP R AT 1310, oy

addi ti onal process for

I'mnate

e resis

si mpl | Y1 80 t 6 oRLOGCSS; Al £URAYT BGRULE: 8T 0L AOHL GRRPHGLET afEVi ce. Fig. 21
en T of a |spFay

i ndi cat es”an equi va

Cl rcul

electrically connected via an electric resistance.

21. A liquid crystal display having a pair of

substrates at least one of which is transparent, and a

10 liquid crystal layer which is held between said pair of

substrates, wherein

one of said pair of substrates has a display fegion

and a drive circuit region for driving said display region

disposed on the surface thereof, wherein

15

said display region has: a_piurality of scanning

signal electrodes and a plurality of picture signal

electrodes intercrossing with said plurality of scanning

electrodes in a matrix; a plurality of N-type semiconductor

elements formed at crosspoints corresponding to --

20 intersections between said plurality of scanning signal

electrodes and said plurality of picture signal electrodes;

and a plurality of picture element electrodes connected to

said semiconductor elements respectively, and

said drive circuit region has a plurality of

25 complementary N-type and P-type semiconductor elements formed

thereon, which constitute a vertical scanning circuit and a

picture signal drive circuit, wherein,

R ) P



which is provided by integrating on a sane substrate the drive circuits
constructed using the CMOS inverter of Figs. 25 12 and 13, and the TFT
active matrix of Fig. 20. This display is conprised of: a TFT active nmatrix
50 according to the invention; a vertical scanning circuit 51 for 33
driving the matrix; a horizontal scanning gircuit 53 for dividing a video
signal per scan into a plurality of bl ocks Qnd suppl yi ng t hem by
ti me-sharing;. data signal &iﬁes Vdr | vi deo
aidh ¥z

signal data; and a 5 Yﬁﬁt?F?ieggghFFgggg%Spégﬁp%ggpﬁépgké%gggignals
divided into pglurality of, blocks to the active.,matrix. Vertical scannin
circuit 51 an 1ﬁ8iP¥o%F§F°§cgﬁnFﬁg?éFBCGF?V§3c&F&“&&n§Fﬂ&8Pe&°@§fﬁae§’s%ift
egister and :putl o (L2ohs ISSEhialaba 5 il sherensalle Fiiype?) . 10
scanni ng Circgghdﬁgggg%pgggkggnhgc 8% i%%gggn%onnected to said second and
5 said third electrodes, respectively; an intrinsic
semiconductor layer connected to these N-type conducting
sémiconductor layers; and a P-type conducting semiconductor
layer formed on the intrinsic semiconductor layer, wherein
said first electrode is formed on the intrinsic semiconductor
10 layer via an insulating film, and said fourth electrode is
| formed on the surface of the P-type semiconductor layer which
is formed on said intrinsic semiconductor layer, and
said P-type semiconductor element formed in said
drive circuit region comprises: a first, a second, a third
15' and a fourth electrodes; P-type conducting semiconductor
layers connected to said second and said third electrodes,
respectively; an intrinsic semiconductor element connected to
these P-type conducting semiconductor layers; and an N-type
semiconductor element formed on the intrinsic semiconductor
20 layer, wherein said first electrode is formed on the
intrinsic semiconductor element via an insulating film, and
said fourth electrode is formed on the N-type conducting
- semiconductor layer which is formed on the intrinsic
semiconductor element, and wherein
- 25 said first electrode is connected to said scanning

signal electrode, said second electrode is connected to said

picture signal electrode, and said fourth electrode is

_
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line. In the drawi ng of Fig. 22, nunmeral 70 depicts a P- type transistor
and 71 depicts an N-type transistor. Each of these transistors has a
structure in which its base and gate 15 are connected via resistance rb.
The shift register takes timng using two phase clocks (Vcpl, Vcp2) and its
reversed clocks (Vcpl, Vcp2), reverses an kﬁput voltage and shifts it then
to be transferred to the buffer. At the sa tinme, this signal to be

regi st er corr esiibatid ¥o L Bl S8 ANE e [ R TR BF ife Settee-
a pul se voltage of a naxinun1vo|tage of Vdd2, which becones a scanning
vol tage for the active matrix display. The shift regi ster of a

conpl enent ary gy/pe TF F?dgg_ds%rg% & WL&‘&' r‘?_ﬁy%fc@? a&fé){rﬁllflp to the_

invention is confirme to oper e-“at a he power

consunpti on NQiHEHd dh £ B ML NG SO VG Pl g SSbdiconddéeor

5 elements and said P-type conducting semiconductor element
are separated from each other by said intrinsic

semiconductor layer.

23. A liquid crystal display according to claim 22,

10 wherein said intrinsic semiconductor layer has a region
extending further than a region of said insulating layer
toward said pair of N-type conducting semiconductor layers

on said substrate.

LT



régi sters using conventional TFTs. Further, since TFTs for constituting the
active matrix are constructed using the sem conductor device according to
the invention, the output |level or Vdd2 of the scanniag.gircuit has been

halved 5 conpared to the conventional |evel. TherehyTHI8 SHEET! HAE)‘BEEN
consunption of the whole active matrix subgkrate has jbeen pepuget) to ofe
third of the conventional. Al though the pl arfar type

above- mentio tion, is not linmited 10

t hereto, and ?ﬁ%wtfﬁﬁg&d}ﬁé% or stagger ed type TFTs as
indicated in Figs 1 or bhe not ed Quever

h
that since the planar A ?ﬁ@ \égﬁlﬁggigﬁclejf“ﬁé\ﬁ (,séultr%% pz!(‘rszfsﬁ'tq t
it b th t d b d d, t
capacl Lance PSR SR<Ihe s TG0 AT, Ol i pdd SO
23 -(d) ill t f ah t t |
of the ser ol AR o SEGUE HREIR, s OF %a%&sq:'tﬁw”q‘f%sec '° & % 1'm
's 20 a(ﬁcunlélo%[p%q.se% So%m ; erf ral:%to,n a:[ hseecsol%lr ace t(ga.rad gamadS a fourth

electrodes; a pair of a first conducting type semiconductor

léyers separated from each other and connected to the
second and the third electrodes, respectively; an intrinsic
semiconductor layer connected to the pair of the first

10 conducting type semiconductor layers; and a second
conducting type semiconductor layer formed on the intrinsic
semiconductor layer, wherein the first electrode is formed
on the intrinsic semiconductor layer via an insulating
film, and the fourth electrode is formed on the second

15 cénducting type semiconductor layer formed on the intrinsic

semiconductor layer.

This Sheet Has Been Replaced
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.Substrate 1 to a thickness of 100 nm and is patterned into a predeterm ned
pl anar shape using the known photolighography so as to provide a gate

el ectrode 10. Then, over the entire area of the substrate including the 25
surface of the gate electrode 10, there are fornmed a silicon nitride (Si N

film20, an intrinsic anorphous silicon (a-Si) film30, and an n-type a-S

film31, 35 sequentially by the pl d¢mM® CVD net hod. Respective film
t hi cknesses are 350 nmfor the SINfilm 200 nmfor the intrinsic a-Si film
and 40 nmfor the n-type a-Si film(see Fig. 23(a)). 5 After

predeterm ned pl anar shapes, a photoreF R favi ng a predeterm ned pl anar
shape is formed on n-type a-Si film 31 such that by using the photoresist
as its mask, n-type a-Si finr?Eis pat t er ned

havi ng patterned the intrinsic a-Si filmaj3 n-type a-Si filminto

/
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.10 into a predeterm ned shape by plasma etching, that is, the n-type a-S
film31 is separated into two parts of n-type a-Si film 31 and n-type a-S
film32 (see Fig. 23(b). Subsequently, an ion beam | B which contains boron
is irradiated over the entire area on the substrate with the 15
photoresist still remaining, thereby formng a p-type a-Si film33 in an
area on the surface of the intrinsic pProfil m30 fromwhich the n-type
a-Si film31l was renoved partially (refer to Fig. 23(c)). Then, after
havi ng renoved photoresist PR C and Al 20 are sputtered to a thickness
of 40 nm and 400 nm respectively, and which are patterned into each
predet ermi ned shape so as to provide for tﬁﬂggc | ectrode 11, drain

el ectrode 12 and base el ectrode 14, respeCt Y “Finally, a SSNfilmis
formed by the plasma CVD nethod to a thickness of 25 400 nmas a

passivation film 22, [fhus conpleting the tabrication of {he sem conductor
el ement of the inventjion (referypo Fig. 23 (d)). = vq -
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.36 According to this enbodi nent of the invention, p-type a-Si layer 33 is
formed by self-aligning with respect to the patterns of n-type a-Si | ayers
31 and 32. That is, p-type a-Si layer 33 is formed utilizing the patterns
of n-type a-Si 5 | ayers 31, 31 as its own mask. Thereby, both the n-type
a-Si layers 31, 32 and p-type a-Si layer 33 can be forned advantageously by
one photolithographic process accordi ng/f4g the invention, thereby
sinplifying the process of fabrication and reducing the cost of
manufacture. 10  Twel fth Enbodinment: Wth reference to Figs 24(a)-(f),
fabrication processes of fabricating the conplenmentary (CMOS) sem conduct or
device indicated in Fig. 19 according,tﬂuzgeezgvention are illustrated in
respective cross-sectional 15 Vi ews. h rawi ngs of Fig. 24, sections
indicated by A- A, Y-Y', B-B, Z-Z correspond respectively to cross-
~sections indicated by A-A7, Y-Y', B B'/,2&-Z' in Figs. 19. After fornming an
intrinsic a-Si fi}+m-30—er—a—gtass )
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.substrate to a thickness 50 nm by the LPCVD net hod, a high 20 intensity
XeCO excinmer |aser beam LASER is irradiated at an energy density of 330
ml/cnferr] fromthe above such that the intrinsic a-Si film30 is caused to
melt and recrystallize to obtain an intrinsic polycrystalline silicon
(poly-Si) film301 (refer to Fig. 24(a)). 25 After patterning the
poly-Si. film301 into a predeterm ned gl/g@ar pattern, SiJerr] filmis
formed to a thickness. 100 nm by the plasma CVD, and Al filmis forned 37
to a thickness 100 nm by the sputtering nethod, and they are patterned into
respective planar patterns so as to provide a gatk insulating film20 and a
gate el ectrode 10 Ef%1£g; t37Fig. 24(b)). 5 (@) After formng a
phot or esi st patter ha¥i ng a predeterm ned sh@pe, and by using patterns
of the photoresist PRL and gate el ectrode 10 as i}{s mask, an ion beamIP
-whi ch :
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.cont ai ns phosphor is irradiated to forman n-type poly-Si |ayer 311 (refer
to Fig. 24(c)). 10 After having renoved the photoresist pattern
PR1, another photoresist pattern PR2 is formed, and by using patterns of

t he photoresist PR2 and gate el ectrode 10 as its mask, an ion bean which
contains boron is irradiated thereover, thereby formng p-type poly-S

| ayers 331. After 15 ~having renovedsfh® photoresist pattern PR2, an XeC
excimer | aser beamis irradi ated once again thereover at an energy density
of 200 mJ/cnferr] so as to activate injected phosphor and boron, thereby
decreasing electrical resistance of n-type poly-Si |ayer 311 and p-type
poly-Si layer 321 (refer to Fig. 20 24(d)). Then, an Siderr] filmis
formed by the plasma CVD nethod to a thickness of 300 nmas a passivation
film22, which is then patterned into a predeterm ned pattern as depicted

in Fig. 24(e). 25 Finally, Cr lz;;Al (f deposited to thicknesses
of 40 nm and 400 nm respectively by spﬁ? Lnéf' hen they are patterned
into respective patterns to provide for a source
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- .38 electrode 11, drain electrode 12 and base el ectrode 14, thereby
conpleting the process of fabrication of the sem conductor el enent of the
invention as indicated in Fig. 24(f). 5 Thirteenth Enbodinent: Fig. 26 is
a schematic block diagramin cross-section of a‘liquid crystal display
according to the invention. On a glass substrate 1 di sposed below a liquid
crystal layer 506 disposed in the cent@f1Portion in Fig. 26, there are
formed 10 a scanning signal electrode 10 and a picture signal electrode
120 both intercrossing in matrix, a TFT which is formed in the vicinity of
the intercrossing, and a picture elenent electrode 13 nade of 1 TO which is
driven via the TFT. On a counterposez:ng}s Z trate 508 di sposed opposite
to glass 15 substrate 1 with respeCt "{0-th iquid crystal |ayer 506
which is interposed therebetween, there are forned a
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.count er posed el ectrode 510 nade of I TO color filter 507, color filter
protection film511 and a shading film512 which forns a shadi ng bl ack
matrix pattern. The center 20 portion of Fig. 26 represents a
cross-section of one picture elenent portion, the left side portion of the
drawi ng represents the left side end portion in cross- section of a pair of
gl ass substrates 1 and 508 wherein an @&{tl@rnal |ead ternmnal is provided,
and the right side 25 portion of the drawing represents the right side
end portion in cross-section of the pair of glass substrates 1 and 508
wherein no external lead termnal is provided. 39 Seal material SL

provi ded on both sides of the left end portion and the right end portion is
formed so as to seal liquid crystal | 06 dis forned along the
whol e portion of periphery of the paiggﬁr aygagubstrates 1 and 5 508
except for a liquid crystal injection port (not shown).
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The seal material may be nmade of epoxy resin, for exanple. Counterposed

el ectrode 510 provided on the counterposed gl ass substrate 508 is connected
at least at a part thereof to the external [ead wiring on glass substrate 1
via silver paste 10 SIL. This external connection wiring is formed in the
same fabrication process as each of those for scanning signal wiring 10,
source electrode 11, picture signal wi8¥ng 120 and base el ectrode 14.
Respective 'l ayers of orientation filmORI1, ORI 2, picture el enment electrode
13, protection film15 22, gate SINfilm20 are fornmed inside the seal
material SL. Polarization plate 505 is forned on each outer surface of the
pair of glass substrates 1 and 508. Liquid crystal |ayer 506 is interposed
bet ween the upper orientation film OR t hebottomorientation film 20
ORI 2 which set orientation of liquid f&722g| ecules, and is seal ed by
the seal material SL. The bottomorientation filmORI1 is fornmed in the
upper portion of protection film20 on the glass substrate 1. On the

i nternal surface of czumﬁ@rposed gl ass substrate 508, there are forned 25

sequentially by anin hon séErgpng fl|ﬁﬂ@92 chor filter I |
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.507, color filter protection film511, counterposed el ectrode 510 and the
upper orientation filmORI 2. This 40 liquid crystal display is _
constructed by the steps of: separately formng the |ayers on the gl ass
substrate 1 and the layers on the counterposed gl ass substrate 508;

| am nating the glass substrate 1 and the counterposed glass 5 substrate
508; and sealing liquid crystal 506 irgajgpace therebetween. Then, a TFT
driven color liquid crystal display is provided by enabling adjustnent of
transparency of light froma backlight BL by picture.elenment el ectrode 13.

Since the sem conductor device according to the 10 I nvention descri bed
above is used as TFT to drive the picture elenent electrode 13 at a reduced
voltage, liquid crystal displays capable of operating at a reduced power

consunption have been realized. Fourteenth Enbodi nent:
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+15 Fig. 27 is a schematic block diagramin cross-section of a
reflection type liquid crystal display according to the invention. Only a
cross-section of a picture elenent portion is indicated. On a gl ass
substrate 1 provided below a liquid crystal layer 506 which is in the
center portion in Fig. 27, 20 there are formed scanning signal electrode
10 and picture signal electrode 120 i Rfgerfgecting each other in a matrix,

and a TFT which is formed in the vicinity of the intersection for dr|V|ng a
pi cture el ement el ectrode 130 provided thereon. According to this

enbodi nent of the 25 I nvention, picture elenent el ectrode 130 is nade of
Al. On the internal surface of counterposed glass substrate 508 di sposed
opposite to the glass substrate 1 via liquid 41 crystal layer 506, there

are formed counterposed el ectrode 510, color filter 507, color filter
protection film511, and a shading film 512 which forns a shadi ng bl ack
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pattern. Further, phase plate 530 for shifting phase of 5 i ght and
pol ari zation plate 505 are forned on the outer surface of counterposed
gl ass substrate 1, 508. Respective layers of orientation filns ORIl and
ORI 2, picture elenent electrode 13, protection film22, and gate SIN film
20 are fornmed inside a seal material (not shown). Liquid crystal 10 | ayer
506 is inserted between the upper andif{hggbottomorientation filnms ORI and
ORI 2 which set orientation of liquid crystal nolecules, and is seal ed by
the seal material. The bottomorientation filmORI1 is formed in the upper
portion of protection film22 on the gl ass substrate 15 1. On the
internal surface of counterposed glastizg;tgégc9 there are fornmed in
| am nation sequentially a shading fil ilter 507, color filter
protection film511, counterposed el ectrode 510 and the upper orientation
filmOR 2. This liquid crystal di splay of the invention is 20 fabricated
by the steps of: separ g ? iggorning | ayers on the gl ass substrate 1 and on
e
cf 2

t he counterposed subs{rd 8; khqn, I%n12Gu|ng Ret h the gl ass sgpstrate 1
and t he count abe—508—anresea-Ag ..qa‘d et-yst-at—56 N
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'in a space therebetween. 25 Since this enbodi nent of the

I nvention is of a reflection type display, incident |ight cones froma

| i ght source provided outside counterposed gl ass substrate 508, and 42
this incident light is reflected froma mrror-finished surface of picture -
el enent el ectrode 130. A TFT driven reflection type color |liquid crystal
display according to the invention is {fawg provided in which intensity of
reflected 5 light is adjusted in the portion of liquid crystal |ayer 506.
In this type of reflection type display, since the backlight which consunes
consi derable electric power is elimnated, a | ow power consumng |liquid
crystal display can be realized. Further, if the above-nentioned

sem conductor device of the 10 invention is utilized as TFTs for driving

pi cture el enment el ectrode 130 and/or TFTs for constituting associ ated

peri pheral drive circuits, since the electric power consuned
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in the active matrix substrate conponents can be reduced, there can be
realized a very |ow power consumng |iquid 15 crystal display. This type of
liquid crystal display of the invention is nost preferable for use as an

i mge display device in a portable information term nal which is driven by
dry cells. As described heretofore, there is such an advantage 20
according to the invention that the fiqgigeffect sem conductor device of
the invention can reduce its threshold voltage substantially, thereby
decreasing its operating voltage of its circuit or active matrix, and

t her eby reduci ng the power consunption in the display. 43 WHAT IS
CLAIMED | S 1. A liquid crystal display having a pair of substrates at

| east one of which is transparent and a liquid crystal |ayer held between
said pair of substrates, wherein
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‘on one of said pair of substrates there are forned a plurality of

sem conduct or el enents disposed in a matrix; wherein each of said plurality
of sem conductor el ements conprises -a first, a second, a third and
a fourth electrodes; a pair of a first conducting type sem conductor

| ayers separate from each other and connected to said second and said
third electrodes, respectively; 38q qontri nsi ¢ sem conductor | ayer
provided in contact with both the pair of the first conducting type

sem conductor |ayers; and a second conducting type sem conductor |ayer
formed on the intrinsic sem conductor |ayer, wherein said first el ectrode
Is formed on said intrinsic seniconductor ' ,,,~sulat|ng f|In1 and
said fourth electrode is

O X rraon

ser COI’ldUpt or layer whi f)h : s 1l . ..l ayer
SAld Second o H[ﬁ,ﬂg@%}{; o
el ect r ode. it
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2. A liquid crystal display according to claim1, wherein said pair of
the first conducting type sem conductor |ayers and said second conducti ng
type sem conductor |ayer are separated from each other by said 44
intrinsic sem conductor |ayer. 3. A liquid crystal display according
to claim2, wherein the intrinsic sem conductor |ayer has a region 5
extending greater than a region of thgsi/agul ating [ayer toward said pair of
the first conducting type sem conductor |layers on said substrate. 4. A
liquid crystal display according to claiml1, 10 wherein said first

el ectrode and said fourth electrode are electrically connected via a

resi stance. 5. A liquid crystal display according to claim1l, wherein
said intrin @mgm tor layer, said first 15 conducting type
sem conduct ér f[reyerfs, '4ntl sai d second LASER

SRR 2 2 2

ALY | Y B B Z y4

FIG. 24C Je
A2 2 B

A ALY YB B Z yA
PR (PR1__
311 311 Gl 811

=TT




‘conducting type sem conductor |ayer are conprised of a sem conductor film
made of either one of silicon, silicon gernmaniumand silicon carbide. 20
6. A liquid crystal display according to claim1 wherein said
intrinsic sem conductor |ayer, said pair of the first conducting type

sem conductor |ayers, and the second conducting type sem conductor | ayer
are made of a polycrystalline siliconi6i/li® respectively. 25 7. A
liquid crystal display according to claim1l, wherein said plurality of the
first conducting type |ayers 45 and i d second conducting type

sem conduct e n N-type sem conductor and a P-type sem conduct or
respecti veIEI@ zaDa Aliquid crys di splay according to claim1,
wherein said intrinst ' TS—TTT] '
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'a current carrier fromthe fourth el ectrode via the second conducting type
sem conductor |ayer. 10 9. A liquid crystal display according to
claiml, wherein said first, said second, said third and said fourth

el ectrodes correspond to a gate, a source, a drain and a base el ectrodes,
respectively. 15 10. - Aliquid crystal display according to claima1,
wherein each of said plurality of senqggnductor elenents has a structure
either of a planar type, an inverted staggered type or a nornal staggered
type. 20 11. A liquid crystal dil;r w ng to claim10 wherein
said first electrode is formed on one G;& i/ of substrates, said

I nsulating layer is fornmed on said first electrode, said intrinsic

sem conductor layer is formed on said insulating layer, and said pair of
the first conducting 2%n.5 t on said
|ntr|n5|c sen conductor | a
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‘4612, A liquid crystal
second el ectrode,

on one of said pair of substrates.

having a pair of substrates at

liquid crystal
10

drive circuit
sur face thereof,

whi ch constitute a shift

sem conductor elenments forned in saiddriye
a second, a third and a fourt
conducting sem conductor |ayers se

first,

5 13. A

| east one of which is transparent,
| ayer which is held betwd8d 1€ai d pair of substrates, wherein
one of said pair of substrates has a display region and a
region for driving said display region disposed on the
wherein in said drive circuit
plurality.of conplenentary N-type and P-type sem conduct or
regi ster,

di spl ay according to claim10 wherein said
said third electrode and said fourth el ectrode are forned

liquid crystal display

and a

there are forned a
15 el enent s

regi on,

wherei n each one of said Ntype

el e®r

regi on conprises: a

reuit
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20 to said second and the third el ectrodes, respectively; an intrinsic
sem conductor |ayer connected to said pair of N- type conducting

sem conductor |ayers; and a P-type conducting sem conductor |ayer which is
formed partially on said intrinsic sem conductor |ayer, wherein said first

.el ectrode 25 is formed on said intrinsic sem conductor |ayer via an
insulating film and said fourth el ecl®dd® is forned on the P-type
conducti ng sem conductor |ayer which is forned 47 partially on said

intrinsic sem conductor |ayer, and each of said plurality of P-type
conducting sem conductor |ayers fornmed in said drive circuit region
conprises: a first, a second, a third and a fourth 5 el ectrodes; a pair
of P-type conducting senm conductor |ayers which are fornmed separate from
each other and connected to said second and said third el ectrodes,
respectively; an intrinsic sem conductor |ayer connected to

- FIG. 27
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‘'sai d pair .of P-type conducting sem conductor |ayers; and an 10 N—ty)ﬁea'j«nr'?
conducti ng sem conductor |ayer formed on the intrinsic sem conductor |ayer, e
and wherein said first electrode is forned on said intrinsic seniconduct oi#f

| ayer via an insulating film and said f@irth electrode is formed on the

N-type conducting sem conductor |ayer which is 15 formed _on _said

intrinsic sem conductor |ayer. 14. A liquid crystal di SﬁlIQ}Sﬁ‘E‘FQ{KQ BEEN ¢
claim 13, wherein said sem corcIQUID GRYSEAL DIsPEmyi n sdi dlﬁi%_ Epegi on
is an N-type sem conductor el ement. 20 Ib5. ATrquid cr

according to claim 14, wherein said N-type sem conductor elenment fornmed in

sai d display rRBSTRACDNQF i BHS:DESELOSUREa second, a third and a fourth
el ectrodes; a pair of N-type conducting 25 sem conductor el enments fornmed

separate from each ot lfersemitcmhnede e lemerwt dsseahlle afdr Sag€ iR £Ke
el ectrodes, respectively; an intrinsic sem conductor |ayer connected to
: display region of a liquid crystal display or for use in
the drive circuit region for driving the display region is
5 comprised of: a first, a second, a third and a fourth :
electrodes; a pair of a first conducting type semiconductor .
layers separated from each other and connected to the '
second and the third electrodes, respectively; an intrinsic
semiconductor layer connected to the pair of the first
10 conducting type semiconductor layers; and a second
conducting type semic&nductor layer formed on the intrinsic
semiconductor layer, wherein the first electrode is formed
on the intrinsic semiconductor layer via an insulating
film, and the fourth electrode is formed on the second

15 conducting type semiconductor layer formed on the intrinsic

semiconductor layer.
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. 4%z 120~
48 said pair of N-type conducting sem conductor layers; and a P-type
conducting sem conductor |ayer. formed on the intrinsic sem conduct or Pﬁygr,
wherei n said first electrode is formed on said intrinsic sem conduct

| ayer via an 5 insulating film and said:fourth el ectrpde ‘,forned on
the P-type conducting sem conductor |ayer which is for -dfﬁﬁlﬁCqsa 1

sem conduct or | ayer. 16. A liquid crystal display acg - ,
10. wherein the sem conductor elenents forned in said dyfspl regi ona

said drive cTI'bLEtOFémE)rEWEN'EIQN\er of a planar type, alzéGEPt g

type and normal ly staggered type. A liquid crystfal pl ay accorfdifng
to claim13, 15 mherelngiﬁéiﬁﬁiiiﬁﬂﬂﬁggbeniconductor | 4

conducting seniconductor |ayer and P-type conducting senrTess
are nmade of BAQRGRQUNBtQF | THE ENVENDION | m respectively. 18.
crystal display according to claim13, 20 wherein said pair of Ntype
conducting sen condurie@rptegents antermtich Prélatesobduat sagisendaendyct or
ayer ar; element and a liquid crystal display, and in particular, it
relates to a semiconductor element suitable for use as a thin
film semiconductor element and an active matrix addressing
type liquid crystal display using the same.
As display devices for displaying image information
10 and characters for use in the field of office automation
equipment and the like, active matrix addressing liquid
crystalldisplays using thin film transistors (hereinafter
referred to as TFT) have been known. For this type of
conventional liquid crystal displays, further improvements
15 in resolution and high quality of display as well as cost
reduction in manufacture are necessary. In order to solve
these problems, it is most important to improve the
pe;fofmance of the thin film transistor which is a key
device to the active matrix addressing liquid crystal
20 displays. In this regard, it was proposed in the Conference
Record*of Internatiogal Display Research Conference 1985,
page 9, a concept of forming advanced high perfofmance
TFTS on a glass substrate, in which peripheral drive
circuits for driving a TFT active matrix are fabricated
25 using TFTs and integrated with its display unit on the same

substrate so as to reduce the cost of manufacture. With

provision of the advanced high performance peripheral drive

}.



separated from each ot her by said intrinsic sem conduct.or 25 19.
A liquid crystal display according to claim 18] MeEMERT r‘éﬁﬂ)n of said
intrinsic sem conductor layer in a vertical ditfeGH ubstrate

extends nore than a egi on of said insulati ng | a

tor |dydrsd 2% 1&}3

wheriei|n sald first

Al i
na

said.pair of N-type con®Hig SHEET
crystal display accord] ng t &Lﬁ;%

ast toward

qui d
sai d

fourth el ectrodes are c.cnn. conndcted vila an el ectric resifstance.
21.  Aliquid crystal display having a pair {of._subst+ates—at~teast one
of which is transparent, and a 10 liquid crystal |ayer which is held

bet ween said pair of substrates, wherein one of said pair

of substrates has

a display regiof-and a dri v& liguidystal displanhang arnavuqigUBatrafeﬁlagbaagmeaq. on

which is transparent and a liquid crystal layer held between said pair of
substrates, wherein

on one of said pair of substrates there are formed a plurality of
semiconductor slements disposad in a matrix; wherein

each of said plurality of semicanductor elements comprises: a first, a
second, a third and a fourth electrodes; a pair of a first conducting type
semiconductor layers separate from each other and connected to said second
and said third electrodes, respectively; and intrinsic semiconductor layer
provided in contact with bath the pair of the first conducting type semiconductor
layers; and a second conducting type samiconductor layer formed on the . -
_Intrinsic semiccnductor layer, : whersin ' .

said first electrode is formed on said intrinsic semiconductor layer via an
-insulating film, and

‘said fourth electrode is formed on the second conducting semiconductor
layer which is formed on sald mtrms:c semiconductor layer m
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S REPLACEMENT SHEEY ldi spl ay region

di spesed on the surface thereof, wherein

has: a plurality of scanning signal electrpdegs—amd—apruralify of picture
signal electrodes intercrossing w sai d pl nj ng el ectrodes
ina mtrix; a plufalhsve T4y BEER¢N conglug of med at
Crosspoi nts corresg e I nfer secfi diplurality of
scanni ng signal elé : ' | ural of picture sighal electrodes;

and a plurality of picture elenent electro eonprectet 10 sai d
sem conductor elenments respectively, and said drive circuit region has a
plurality of 28, (addedpl enkntiaplayNdeyice ading- tay psersiconduntolu cdl@tiest, esadt s

S gnal éP?LZ°§sw¥l§"?9°@ﬁéfé§%#‘=8m%§%ﬁéé?@"%ﬁf@%ﬁé@%séééﬁé'{esﬁ 3 Mt e
formed in sai @leHregP3 fqusiyi alectiade; a paigicd fitst FoRdusting tiRe SARrendustIpIYeESs: a
separated from each other and abutting said second and said third electrodes,
respectively; an intrinsic semiconductor layer formed between said pair of the
first conducting type semiconductor layers and said first electrade; an insulation
layer formed between said intrinsic semiconductor layer and said first electrade;
and a second cbnducting type semiconductor layer formed between said
intrinsic semiconductor layer and said fourth electrode, characterized in that
a forward bias is applied between said fourth electrode and said second
electrode during an on-voltage is applied to said first electrode.

25 (added) A display device- having a display region and a drive circuit
region, said display region and said drive circuit region including a
semiconductor element, wherein said semiconductor slement formed on said

~ display region or said drive circuit region comprising: a first sisctrode; an
insulation layer formed on said first slectrode; an intrinsic semiconductor layer
formed on sald insulation layer; a second conducting type semiconductor layer
formed on said intrinsic semiconductor layer; a fourth electrode formed on said
second conducting type semiconductor layer; a pair of first conducting type
semiconductor layers formed on said intrinsic semiconductor layer separated
from said second conducting type semiconductor layer and from each other; and
a second and a third electrodes formed on said pair of first conducting type
semiconductors, respectively, characterized in that
a forward bias is applied between said fourth electrode and said
second electrode during an on-voltags is applied to said first electrode.
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first, a second, a third and a fourth g \Z Exonducti ng

sem conduct or, Iayers connected to sai d? eﬁmmg%‘ﬁgﬁ t hird el ectrodes,
respectively; an intrinsic sem conduct@ { ayer connect to these N-type
conducting semi c 2.6- nd aiP-1ypes §EP99Bi NY ssemi conduct or

| ayer formed on {MHIS SHEEMHAS BEENijconddbt br | ayer, wherfijn said first

el ectrode is forfred orRElpIn_ncEmtrl nsli c séji b j ayer via an
insulating film! —€l ectribde is formed on tjhe surface of the

" Lype sem CoRENERy | VB olOkS i BRI GTneaed S TSRSt o
regi on conpr irégien, asiidr stisplay seegiord, and t BRidd drive cirntiita regignt ecamstsingodes:;
tPh t ype |C0n?E%&W&WOMEM@E&EWQﬂgﬁets%%&&ncﬁﬁtd? cga%@adoﬁmh el d
colnnecte egct oosﬁ?figé espec@"\é{e?ﬁ)é@tcfquﬁ’& %@H{Eiﬁﬂﬁggﬁ‘%ﬁfs%%%rgewﬁﬂdgﬁwq@w pe
aﬁm conduct gra &l&tlreel;ecmemeg Isem?de:clnductlngstytpessamrcomdnmrdayeﬂ)formedm :
Senent v S S YRl A s B
N-type conduct ﬁba e.from each other on said secon ird electrodes; an infrinsic

semiconductor layer formed on said pair of the first conducting type

semiconductor layers; an insulation layer formed on said intrinsic semiconductor

layer; and a first electrode formed on said insulation layer, and further

characterized in that |

- aforward bias is applied between said fourth electrode and said second
electrode during an on-voltage is applied to said first electrode.

27. (added) A display device having a display region and a drive circuit
region, said display region and said drive circuit region comprising
semiconductor devices, wherein each of said semiconductor devices formed in
said display region and said drive circuit region comprises: a pair of first
conducting type semiconductor layers formed separated from each other at a
distance on a substrate; a fourth eléctrode formed between said pair of first
conducting type semiconductor layers separate therefrom; a second conducting
type semiconductor layer formed on said fourth electrode and in contact with
said pair of the first conducting type semiconductor layers; an insulation layer
formed on said second conducting type semiconductor layer; a first electrode
formed on said insulation layer; a'sacond electrode formed on one of the pair of
the first conducting type semiconductor layers; and a third electrode formed on
the other one of said pair of the first conducting type semiconductor layers,
further characterized in that

a forward bias is applied between s_aid fourth electrods and said second
electrode during an on-voitage is applied to said first electrode.
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senmi conductor |ayer which is formed on't Fgmi& MET\}?@%E%‘?M conductor el ement,
+S—~GORREE

and wherein 25 said first el gct teéd to said scanning
si gnal elect_rbde, Se¢ rod iis connected t® $aid picture signal
el ectrode, and sai %ﬁﬁé@ ctrodg i B3 SR ed {o said first

el ect.rode via an ¢lectir] stanck. 22. A I | quidjcriystal display

according to claim2l, wherein said palil’ of N-type condug¢ti ng sem conduct or
5. elements and said P—type conduct i ng_seni conducter-ekenent are separat ed

Lo o SRRl h A i SR Gy B4 o8 cpp il ¢
sem conduct fﬁQW@.yéaICllaQISRlaYegﬁglnﬂeMdﬁl@ {dove heircuih aregion egbmprigingsai d
i nsul ating kampiontQERF devigks] wiidréinQfach-df\defd Semtientilttar SeVtePeHGR | ayers
on said SUbgélrdaEiiesplay region and said drive circuit reguon compnses a pair-of first
conducting type semiconductor regions formed separate from esach other; an
Intrinsic semiconductor region formed between said pair of the first conducting
type semiconductor regions; a second 'conducting type semiconductor region .
formed in contact with said intrinsic semiconductor region and separate from
said pair of the first conducting type semiconductor regions; an insulation laysr
formed on said intrinsic semiconductor region; a first electrode formed. on said .
insulation layer; and a second and a third electrodes formed raspectively on said
pair of the first conducting type semicanductor regions, further characterized In
that

. aforward bias is applied between said fourth electrode and said second
electrode during an on-voltage is applied to said first electrode.

29 (added). A display device according to any one of claims 1-5, wherein the
on-voltage applied to said fourth electrode is 0 voit or more.

30 (added). A display device according to any one of claims 1-5, wherein the
on-voltage applied to said fourth electrode includes a sub-threshold region.

31 (added) A display device according to any aone of claims 1-§, whersin a-
reverse bias is applied between said fourth electrode and said second
electrode during an off-voltage is ‘applied to said first electrode.

32 (added). A display devica according to any one of claims 1-5, wherein
said pair of the first conducting type semiconductor layers are separated from

each other by said intrinsic semiconductor layer.

33 (added). A d|5play device according to any one of claims 1-6 wherein sand N
first electrode and said fourth electrode are electrically connected.

34 (added). A display device according to claim 10, wherein said first
elecirods and said fourth electrode are connected via a resistance.
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52 24, (added) A display device having a s=n5—EcPkagFM¥%F SEEERent, sai d
-sem conduct or .el enent conprising: a fi rst eI ect rode; a secord fel ectrode; a

third el ectrode; a foutw ‘of fOZSEPOMYGICt]i g type

sem conductor | ayers, !é by SHEET f'*ﬁSrBRga;ch oth r and abuttind dai d second
and said third el ect I'OE_QS__L ACEbvel vy; i ntrinsTrc semrconduct or | ayer
fornmed between said pair of Ihe fiTst—e ndu lng. type seniconguctor |ayers

and said firsdg gldedy. odeA &8pla devieel &El:o\'élbi taf (Qi?ﬁé"@-@ vﬁ@rdnlémal nsic
sem conduct or, h;%er an d first ele eco ct| ng,type

seni conduct or' &y FBW' 5@[\/\!@&% s%ﬁ'@ érﬁf rqol'?g S268Fd and
said fourth etansucting typersemiconductardayars talrmmaermfranamerlal ae!ectedafpcpmtlm

between sai d gRupidp t ; dnehAsgs ode during an
on-vol tage i sé apgl | gﬁ&ft‘g gs“a?f‘lag @Wg@ae géta%gﬁ n 25 (added) A di spl ay
device having a display region and a drive circuit region, said display

regi on and saléi(atidedp ci Acdisplayealgviue acouedinditocany sfectaiomn ti+ic twitereinesaidt |-
wherein said .ﬁﬁms@%@m&&{du%{o?”ﬁs}arfﬁlmrs rbo%augmsa %gbéwaﬁoe@aw éé'&oﬁé" d .

drive circuit reglon co r|S|n fi1rst eectro I nsul at | on |.a
formed on sai TPRAYEHRT dY d&ﬁmf Hayerasie@ g\?ﬁ‘Pc@nGu&‘?‘bFW line silici
layer.

37 (added). A display device according to any one of claims 1-5, wherein
said first conducting type semiconductor layer is an n-type semiconductor layer,
and said second conducting type semiconductor layer is a p-type semiconductor
layer.

38 (added). A display device accerding to any one of claims 1-5, wherein
minority carriers injected from said fourth electrode due to said forward bias are
injected into said intrinsic semicanductor layer via said second conducting type
semiconductor layer.

. 39 (added). A display device according to claim 1, whersin said
semiconductor element is any of a planar type, a reverse staggered type, and a
staggered type.

40 (added). A display device according to any of claims 2-5, wherein a shift
register using said semiconductor element is formed in said drive circuit region.

41 (added). A display device according to any of claims 1-5, wherein said

first electrode, said second électrode, said third electrode and said fourth
electrode are a gate electrade, a source electrode, a drain electrode and a base

electrode, respectively.
_—_
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formed on said insulation |ayer; a second conducting type sem conductor

| ayer formed on said intrinsic sem conductor |layer; a fourth electrode .
formed on-said second conducting type sem conduct or Iaydr RE?LN@MEN‘?fsiEETSt
conducting type sem conductor |ayers foggred on said intrji tdr
| ayer. separated from said second conducting type sem corjdict or | ayer ang
fromeach other; and a second and a third el ectrodes forjngd T &#d‘)‘i&lr (
first conducting type sem cond , er, charjadteri zed in thdt |a
forward bias Is applied betmeegégg&impénr ﬁﬁqsvirode arjd sai d second

el ectrode during an on-voltage is applied to said first lelectrode Y

26. (added) d ' di splay .region and a drive circuit
region, said P#%y re gﬁh ﬁaggﬁégggﬁive circuit region conprising

sem conduct or deV|ces wherein.each_of. sai d, sem, uc or deviges forned in
said di splay region d%dsgﬂfﬁ°ﬁ??ﬁgpfl?%ﬁ??nFeﬁPbﬁagg PEelse, lgeﬁgﬁd a

third and a f el ectrodes; econ conduc e sem_conductqQr | ayer
forned on sai%l#%€?¥h %?é%PrBEe lﬁﬁ%& GFYFLR tggﬁﬁéggtpﬁg forpuse in g

sem conduct or rs_forped separate fromeach, ot her on.said second and
said third e|%é$y ﬁbge hrcﬁ%gpﬁgg%on %or 8r1v1ng tﬂe leplay region 1is

5 comprised of: a first, a second, a third and a fourth

—h

electrodes; a pair of a first conducting type semiconductor
layers separated from each other and connected to the |
second and the third electrodes, respectively; an intrinsic
semiconductor layer connected to the pair of the first

10 conducting type semiconductor layers; and a second
conducting type semiconductor layer formed on the intrinsic
semiconductor layer, wherein the first electrode is formed
on the intrinsic semiconductor layer via an insulating
film, and the fourth electrode ié formed on the second

15 conducting type semiconductor layer formed on the intrinsic

semiconductor layer.

Fig 1 - THIS SHEET HAS BEEN |
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. A | | 4U% ¥
sem contluctor Jfayer forned on said pair of the first conducting type
semi conductor |ayers; -an insul ation | ayer formed on said intrinsic !ﬁﬁj‘l
sem conductor layer; and a first electrgde formed on said insulation | ayer,
and further characterized In that a forward bias is applied between said
fourth el ectrode and said second el ectrode during an on-voltage is applied

to said fh&ﬁkaqggﬁkﬁﬂﬂﬁnsz7. (added) A di spl ay device having a display
region and a drrve circuit region, said display region and said drive
circuit region conprising sem conductor devices, wherein each of said

sem:conduct or devices.forned.in sal lSp :regi.on | | LLcuit
regi on co Tisgé:iéqﬁégr%ﬁy%ﬁ%%tg%%%%%itb%gl%'pépsg%?goﬁﬁﬁﬁégé?gigéé

forned separ ategsfr ofecash whbeh at ardirstpenemtonanmd sebsltiratisl erystath
el ectrode fornmed between said pair of first conductinq%é%%e.seniconductor
€

| ayers sepaa¥ai hald &elgiren 22Ed RP Ho Rl TV TR s Tflict or | ayer
formed on said Jpuphl eleclifslepand of G¥AGlatdd Nenid pabr Qrmidie &ir st

conducting type sem conduct or yers; an i1nsulation layer formed on said
second commuctaigey ypé semicoordlinttor | ayementsf digpasiestt Ebde B EEEXON

sai d insuéﬂ%%on_layer; a second el ectrode forned on one of the pair of the
first con T t ype semiconductor layers; and a third el ectrode formed on
the other one afa@ni dopai Ea®l t e urandtycorductseng domiuctnt coatlercéots

| ayers, further characterized in that :

: comprises : a first, a second, a third and a fourth
electrodes; a pair of a first conducting type semiconductor
layers separate from each other and connected to .said
second and said third -electrodes, respectively; and
intrinsic semiconductdr layer provided in contact with both
the pair of the first conducting type semiconductor layers;
and a second conducting type semiconductor layer formed on
the intrinsic semiconductor layer, wherein

said first electrode is formed on said intrinsic
semiconductor layer via an insulating film, and

said fourth electrode is formed on the second
conducting semiconductor layer which is formed on said
intrinsic semiconductor layer and wherein

a forward bias is applied between said fourth

electrode and said second electrode during an on-voltage is

applied to said first electrode.

2. A liquid crystal display according to claim 1, wherein
said pair of the first conducting type semiconductor layers
and said second conducting type semiconductor layer are

separated from each other by said
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a forward bi as.i's applied between said fourth el ectrode and said second

el ectrode during an on-voltage |'s applied to said first electrode. 54
28. (added) A di splay device having a gjsplay region and a drive circuit ~
region, said display region and said drive circuit region conprising

sem conduct or devi ces, wherein each of said sem conductor devices fornmed in
said display region and said drive circuit region conprises: a pair of irst
conducti ng type seniconductor regions forned separate from each other; an

intrinsic senjcqgnductor region forne n, said. pai fo T S
conduct i ng t%?%cbondﬁct ?pq?‘(eg?%ﬁge, b’gév\iﬁoﬁdgé'g‘h%ﬁg["?ﬁé %l%{ﬁ)ween't, %%'d
sem conduct orsemigbrductan efemienticarnprising: adirsheleatreds; @ $aoesA@lediadeoa it or
region and seqacalde: ITBERT Bigdubdda Biir dfstidonBliciRy g He bAiLonMaetor layers,
seni conduct or regi.ons; an Insylation |ayer %’ar med el aal d mm[t r 'IQ%I'ocqes
seni conduct or® 18d from each other &ng, N&,33i8 Focnd 208 A9 M-S PSP 8y er ;
and a second reggectively; an ialrinsic semisonduatendayes fremedkatween said palpaf thedf t he
first conductgd ' O%E%I | d6s & ig84lafidh t hat
a forward bi a@gﬁgs&ﬁgg'gp'ﬁ%e meg%ﬂ@ueﬁ%qé%ﬁtaﬂaeafectrggl‘gé{arﬁgé'gillégﬂecond

layer formed between said intrinsic semiconductor layer and said first electrode;

and a second conducting type semiconductor layer formed between said

intrinsic semiconductor layer and said fourth slectrods, characterized in that

a forward bias is applied between said fourth electrode and said second

electrode during an on-voltage is applied to said first electrode.

25 (added) A display device: having a display region and a drive circuit
region, said display region and sald drive circuit ‘region including a -
semiconductor element, wherein said semiconductor element formed on sald

display region or said drive circuit region comprising: a first electrode; an
insulation layer formed on said first electrode; an intrinsic semiconductor layer
formed on sald insulation layer; a second conducting type semiconductor layer
formed on said intrinsic semiconductor layer; a fourth electrode formed on said
second conducting type semiconductor layer; a pair of first conducting type
semiconductor layers formed on said intrinsic semiconductor layer separated
from said second conducting type semiconductor layer and from each other; and
a second and a third electrodes formed on said pair of first conducting type
semiconductors, respectively, characterized in that

a forward bias Is applied between said fourth electrode and said
second electrode during an on-voltage is applied to said first electrode.

[
[
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el ectrode duri ng an on-voltage is applied to said first el ectrode. 29

(added) . A display devicte according‘to any one of clains 1-5, wherein the

on-vol tage applied to said fourth el ectrgde is O volt or nore. 30 (added).

A di splay device according to any one oP>¢l ai ns 1-5, wherein the on-voltage

applied to said fourth el ectrode includes a sub-threshold region. 31
(added) A di spl ay device according to any one of clainms 1-5, wherein a
reverse bias is applied between said fourth el ectrode and said second
(el ggt a ;)de dur2égadded)f f - Volisplay deviapphiied & disgay rbgibat arkd Qcﬂﬂwmﬁircﬁg
added) . A di ay.devi. ceoLdin o] e of. cl.ai ng. 1-5 erein
said pair of tfhe i%g@ c‘%ﬁ@ﬁ@t ?ér)%gtyg@&ses%m:’pﬁ%qt g’rﬂ'taﬁgﬁgg%ar%c@gﬁéﬁ’%t ed
from each ot &MiggNALGter devicasy whereik srel of saiduseniggrductIIiquintsdaymed in
display devi zaiaq:spraql r;gioh(hlnarﬁéid)ﬂmiééir&xit?éﬁtén kompiges:d %c%?ﬂgaftl‘gﬁﬁ%nd
el ectrode an [ electrode are electricall onnect e
A di spl ay devi g@@é@% 'ﬁ%s’ t"“og‘gc‘r%é\%rﬁ%}m fyaensg'arlcén&iu‘ggz[ lca(\!?%fﬂnf‘@ae"’hn
sai d fourth efaidfqusheelesteoces apairtas first canductiegitypesersicondudisr agersddueat) .
di spl ay devi csepaffte/fion@atly otier on sid 86&Bndlarmd sHRAKRY RistRbtes; an intrinsic
semiconductor layer formed on said pair of the first conducting -type
semiconductor layers; an insulation layer formed on said intrinsic semiconductor
layer; and a first electrode formed on said insulation layer, and further
characterized In that
- aforward bias is applied between said fourth electrode and said second

electrode during an on-voltage is applied to said first electrode.

27. (added) A display device having a display region and a drive circuit
region, said display region and said drive dircuit region comprising
semiconductor devices, wherein each of said semiconductor devices formed in
said display region and said drive circuit region comprises: a pair of first
conducting type semiconductor layers formed separated from each other at a
distance on a substrate; a fourth electrode formed between said pair of first
conducting type semiconductor layers separate therefrom; a second conducting
type semiconductor layer formed on said fourth electrode and in contact with
said palr of the first conducting type semiconductor layers; an insulation layer
formed on said second conducting type semiconductor layer; a first electrode
- formed on said insulation layer; a second electrode formed on one of the pair of
the first conducting type semiconductor layers; and a third electrode formed on
the other one of said pair of the first conducting type semiconductor layers,
further characterized in that
a forward bias is applied between said fourth electrode and said second
electrode during an on-voitage is applled to sald first electrode.

AN
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intrinsic sem cdnductor layer, said first conducting type and said second
conducting type sem conductor |ayers are nade of a naterial selected from.
the group of silicon, silicon germani um54and silicon carbide. 36 (added). -
A di splay device according to any of cla~-m 1-5, wherein said intrinsic
sem conductor |ayer, said first conducting type and said second conducti ng
type sem conductor |ayers are made of a poly-crystalline silicon |ayer. 37
(added) A di spl ay device according to any one of clains 1-5, wherein
said first 28nddded)ng tA displeyndevical having aadsplavgﬂgionnamq/raedseerioimniduct or

| ayer, and S d u e u I [
sem conductlo%raicﬁ.l e gﬁ?@gd?%laﬁ hﬁa QFN?@' el éorfrp one of

clainms 1-5,8 %@Pé&‘#ﬂﬁ Aevicasy whergin @PSEIQiF %ﬂ%‘\éIPC lCC ‘F?ﬁfrfpﬁnéﬁ%t rode
due to sai dséaardiepcdybnagamaand | s airiod cinduit segioni aumprmsc as palir cofndiset or
i opl ay Sei?%e 2568 Wb S8flLEhpdel Kifory BRACUGD5e B seckl obBA°GH
is any of anginglesemicaadugor gignstormed hesvesn ﬁ?‘ﬁ’epa‘éﬁdth& FeheRpdusEngype. 40
(added).  thpdisephiopndiRrdrcregdneoadiergnt ccontuctrig eyl s8mikohdustbetediona shift
01 St el UstoRfled Th ‘ot WAt Mk ShnRLE EHicbRad A RbiH' aR ol Srdh oU! !
said pair of the first conducting type semiconductor regions; an insulation layer
formed on said intrinsic semiconductor region; a first electrode formed.on said .
insulation layer; and a second and a third electrodes formed respectively on said
pair of the first conducting type semicanductor regions, further characterized in

that

a forward bias is applied between said fourth electrode and said second
electrode during an on-voltage is applied to said first electrode.

29 (added). A display device according to any one of claims 1-5 wherein the
on-voltage applied to said fourth electrode is 0 voit or more.

30 (added). A display device according to any one of claims 15 wherein the
on-voltage applied to said fourth electrode includes a sub-threshold region.

31 (added) A display device according to any one of claims 1-5, whersin a-
reverse bias is applied between said fourth electrode and said second
slectrode during an off-voitage is applied to said first electrode.

32 (added). A display device according to any one of claims 1-5, wherein
said pair of the first conducting type semiconductor layers are separated from
each other by said intrinsic semiconductor layer.

33 (added). A dlsplay device according to any one of claims 1-5 wherein sa:d
first electrode and said fourth electrode are electrically connected.

34 (added). A display device according to claim 10, wherein said first
electrods and said fourth electrode are connected via a resistance.

-
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41 (added).

A di spl ay device according to any of clains 1-5, wherein said
first electrode, said second el ectrode,”  said third el ectrode and said
fourth electrode are a gate el ectrode, a_source electrode, a drain

el ectrode and a base el ectrode, respectiﬁa.ly.

35 (added). A display device according to any of claims 1-5, wherein said
intrinsic semiconductor layer, said first conducting type and sad second
conducting type semiconducter layers are made of a material selected from the
group of silicon, silicon germanium, and silicon carbids.

36 (added). A display device according to any of claims 1-5, whersein said . .

intrinsic semiconductor layer, sald first conducting type and saild second
conducting type semiconductor layers are made of a poly-crystalline silicon
layer. .

37 (added). A display device according to any one of claims 1-5, wherein
said first conducting type semiconductor layer is an n-type semiconductor layer,
and said second conducting type semiconductor layer is a p-type semiconductor
layer.

38 (added). A display device according to any one of caims 1-5, whersin
minority carriers injected from said fourth electrode due to said forward bias are
injected into said intrinsic semiconductor layer via said second conducting type
semiconductor layer.

39 (added). @ A display device according to clam 1, whersin said
semiconductor element is any of a planar type, a reverse staggered type, and a
staggered type,

40 (added). A display device according to any of claims 2-5, wherein a shift
register using said semiconductor slement is formed in said drive circuit region.

41 (added). A display device according to any of claims 1-5, wherein said

first electrode, said second electrode, said third electrode and said fourth
electrode are a gate electrode, a source electrods, a drain electrode and a base

electrade, respectively.
. A O D A
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LIQUID CRYSTAL DISPLAY

ABSTRACT OF THE DISCLOSURE

A semiconductor element suitable for use in the
display region of a liquid crystal display or for use in
the drive circuit region for driving the display region is
comprised of: a first, a second, a third and a fourth "
electrodes; a pair of a first conducting type semiconductor
layers separated from each other and connected to the |
second and the third electrodes, respectively; an intrinsic
semiconductor layer connected to the pair of the first
conducting type semiconductor layers; and a second
conducting type semiconductor layer formed on the intrinsic
semiconductor 1ayer, wherein the first electrode is formed
on the intrinsic semiconductor layer wvia an insulating
f£ilm, and the fourth electrode is formed on the seébnd
conducting type semiconductor layer formed on the intrinsic
semiconductor layer.

Fig 1
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