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DESCRIPTION

FIELD EMISSION DEVICE ITS MANUFACTURING METHOD
AND DISPLAY DEVICE USING THE SAME '

- FIELD OF THE INVENTION
The present invention relates to the ﬁeld of field emission devmes
(FEDs) employed in devices usmg electron beams, mcludmg flat panel display

devices, sensors, high frequency osclllators, ultra h1gh speed devices, electron

" microscopes, and electron beam exposure devices, and their manufacturing

methods. More partlcularly, the present mventlon relates to FEDs with an |

exmtter which stabilizes enussmn current by mtegratmg field effect trans1stors
(FET), FEDs havmg high current dens1ty, uniformity, and satisfactory power

efficiency; and t_helr manufacturing methods.

BACKGROUND OF THE INVENTION

The most weil—known ba_éic configuration of a conventional field
emissioﬁ device (FED) has a cone-type Spindt structure as disclosed C.A. Spindi
et al in the Journal of Applied Physics, vol. 47, p. 5238, 1976. The FED with
this Spindt ¢ structure, however, has a problem wn‘h stable emission current. In
partlcular unstable emission current leads to a major problem when itis used in a
flat display device as p1:oposed in the Japanese Patent Examined Publication No.
He6-14263 because unstable current directly. affects display picture quality.

The Japanese Patent Examined Publication No. H7-118259 disdloses a
FED Wlth stable emission using the negative feedback .effe'ct of resistance by

connecting a high resistance resistor in series to an emitter emitting electrons.
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- However, the use of a l\i_gh_resistance"resistor of betvs:/een' 10 and 100 M ohms |

connected in series to the emitter decreases the response of the FED, and
consumes significant power. In addition to the insertion ofa high resistance
resistor, to solve thisz problem, more than 1000 emitters for exantple are
integrated to form an emitter array for one FED in order to counteract emitter
mstablhty by averagmg the output of many emitters. However, an mcrease in
the number of emitters adds complexity and increases the manufacturmg cost of
the FED.

To solve these problems the J apanese Lmd-open Patent Pubhcatlon No.

' H9-259744 drscloses an approach of controllmg the current ﬂowmg in the

emitter by dlrectly bondmg an actlve element such as a transistor to the emitter of

(>

the FED. This enables the stabrllzatlon of current at low power consumptron

Furthermore, it ehmmates the need to form large numbers of emitters. This

prior art, however use smgle crystal srhcon as the substrate resultmg in mablhty

to manufacture a flat dlsplay element of large size, as well as mcreasmg costs.
Recently, the Japanese Laid-open Patent Publication No. H9-129123; H.

Gamo et al ,Applied Phjsics Letters ,vol. 73, p. 1301, 1998; and Y.H. Song et

al ,SID 98 DIGEST, p;_.'.l_89,. 1.998,'.disclos'e the ,use. ofa glas-s substrate instead of -

single crystal silicon to'. allow.a larger size and reducing costs, for the purpose of

application toa ﬂat. panel display: device. In this structure, an emitter field

| effect transistor (FET) and its thin film transistor (TFT) are formed on the glass

substrate using amorphous sﬂlcon and pclycrystallme s1hcon
Figs. 10 (a) and 10 (b) show the configuration of a conventional FED

cornpnsmg an emitter array 7 and TFT 23. Fig. 10 (a)is a perspectlve view
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illustrating an entire FED cbrrespondiﬁg- to one pixel. Fig.’10 (b) is a magnified |
sectional view of one emitter and TFT in the emitter array 7;

- As shown in Fig. 10 (a); more than 1000 emitters 10 are formed in the
emitter array 7 of the FED _fox; .each“p.ixel‘ controlled by one TFT 23. The current
emitted from the emitter array 7 is controlled by one TFT 23 conn_ected- toa
corner of the emitter array 7 through a cathode electrode.

As shown mFlg 10 (b),-tlie FED comprises the abovo TFT 23 and
emitter unit connected-through the draih electrode 19. 'The TFT 23 comprises a
chrome source electrode 9 on a glass substrate, n+ amorphous silicon contact
layer and channel i amorphous s111con layer 20, a sﬂlcon dioxide gate insulation

layer 3, and a chrome gate electrode 4. .The emltter unit compnses the above

‘TFT 23, chrome drain metal 19 amorphous silicon emitter 10 silicon dioxide -

insulation layer 24, and moblum extraction electrode 11.

‘Fig. 11 shows a method for manufa’cturing the conventional FED. As

- shown in Fig. 11 (a), each material is sequentially layered. Then, the portion -

which will become the TFT 7 is covered with a photoresist 21.  Areas other than -

- TFT are then removed by etching to expose the lower drain electrode 19 (Fig. 11 -

(b)). Next, an amorphous silicon layer. 20 for forming the emitter is formed
again (Fig. 11 (c)). The shape of the emitter is then created (Fig. 11 (d)), the
insulation layer. 24 and extraction electrode 11 are formed on its top, and an
emitter hole is created to expose the tip of the emitter (Fig. 11(¢e)).

In the descnptlon, a part such as a cone shape which emits cold electrons

is hereafter called an emitter, and the entire device made by connecting this

‘emitter with a transistor is called the FED.

The conventional FED has the following disadvantages.
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.' When a thin amorphous or poiycfystal- éilicon-lay_e’r of 200 nm of lessin
thickness is formed on a glass substrate, it is not possible to.obtain a silicon layer
with high electron mobility and good crystallinity. If a TFT or channel layer of
FET is forméd on such silicon layer, a TFT or FET with uniform and good
characteristics is not obtained.

In addition, an excimer laser is used for annealing the amorphous silicon
on the glass substrate for crystallization. This complicates the process. Laser
'#nneaﬁng is also dis_adv&ntageous in mass production, increasing the
manufacturing cost.

Still more, the pnor art requn'es the formation of a thin amorphous
silicon layer, msulatmg layer and metal layer for making a TFT or FET. These
layers on the emitter are etched, and a thicker amorphous silicon layer for
forming the emitter is formed again, thus complicating the process. - - Before
forming the amorphous s111con- layer again to create the emitter, its formation
surface is exposed to-the-air Thi‘s contaminates the growing surface, and may
degrade the crystallmlty of the amorphous silicon layer.

~ Also as shown in Fig. 10 (a), numerous emitter arrays are controlled by
one FET connected to one end of the array region. This makes the distance
between the FET drain énd eacﬁ 'erﬁitter chip differeﬁt, causing a difference in
resistance between the FET ﬁnd the emitter. As a result, the emission
characteristics of each emitfer .vary. |

Furthermore, a gate -and source of FET are disposed asymmetrically to

the emitter array. This causes-asymmetry in the space potential distribution_

‘between the emitter array and the anode substrate, which is the phosphor side,




10

15

20

25

" WO 00/54299 : . PCT/AIP00/01377 -

:' when this FED .is_us.e_d- in.a flat panel display device. " The traveling direction of

the electron thus becomes anisotropic.

Still more, since the gate metal of the FET is covered only with the
insulation layer, any small degree of eXtemal noise may affect the gate metal and
erroneously trigger the FET, greatly changing the emission current of the emitter.

As described above, the prior art FED still has a number of disadvantages,
and the use of such FED in a flat panel display devices rules out high picture
quality, which depends on uniformity and high luminance. It also increases

power consumption and cost.

SUMMARY OF THE INVENTION

AFED of the present invention comprises
an amorphous substrate; -
- impurity diffusion preventmg layer;

field effect transistor (FET) formed on the surface of a semiconductor

layer made of amorphous silicon or polycrystal silicon formed on the 1mpunty

diffusion preventing layer;

one Or more emitter With a sharpened tip made by etching the
semiconductor layer on a dram reglon of the FET; and

extractlon electrode for leading out electron by applymg high electnc
field to the emltter.. - |

The semiconductor leyer .is formed using the chemicel vapor deposition

method (CVD method) utilizing a catalyﬁc effect caused by the contact of
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_slelniconductor nieterial gae with a metal tlaviﬁg high meltin_g. point heeted l_to a |
high temperatuie. |

' An emitter or an array comprising more than one emitter is formed in a
circular or polygonal FET drain region. 'The emitter array is surrounded by ring

or polygonal gate electrode and source electrode. The entire FET is then

" covered with an insulation layer and metal layer.

The above configuration provides the following effects.

A thick polysilicon layer of 500 nm or above may be directly formed at
the rate of 0.2 nm/s or faster, which is a relatively high speed. This enables to
eliminate the polycrystallizatien process using laser annealing after the formation
of the polysilicon layer. In addmon, thick layer improves crystallinity near the
surface, and achieves high moblhty, enablmg to manufacture an FET with
uniform and good characteristics.

The creation of FET and emitter by growing the semiconductor layer in a

single step also simplifies the process. The elimination of the second step to

obtain a thick semiconductoi leyer' avoids exposure of the growing surface to the
alr, preventmg the possxblhty of contammatmg the surface.

| The formation of the emitter array in the circular or polygonal FET drain
region equalizes a dlstance between the FET drain and each emitter, enabling to
average resistance to each en_ntter, and thus enabling to unify emission
characteristics of each emttter ehip. Furthermore, speee potential distribution
between the emitter.array and anode substrate becomes symmetry within the
substrate, enabling the emission of electrons uniformly to all directions. The
ratio of FET (gate w1dth/gate length) also becomes large, enabling to

manufacture FET with high current level even the mob111ty of FET is low.
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. ‘The metal layer is prov1ded to the FET to shield noise. .This prevents
erratlc operation of FET by being affected by a faint extemal noise and greatly
fluctuating emission current o_f the emitter.

The above characteristics of FED applied to a flat panel display device

5 - enables to offer a high picture quality, including uniformity and high luminance,

low power consumption, and low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

10
Fig. 1 is a sectionial view of a FED in accordance with a first exemplary
embodiment of the present invefition.
Fig. 2 is a sectional view of a cone-type FED in accordance with the first
exemplary embodiment of the present inveﬁtion.. |
15 - Fig. 3 is a sectional view illustrating a manufacturing process of a FED

~ in accordance with the first exemplary embodiment of the present invention.
Fig. 4 is a sectional view of a FED in accordance with a second
exemplary embodiment of the Iéresent invention.
Fig.Sisa sectior.l_ail .viev_v of a FED in a third exemplary embodiment of
20  the present invention. o
Fig.6isa secﬁonai \.riew of a FED in accordance with a fourth
exemplary embodiment of thé present invention. |
Fig. 7 (a) is a plan view of a FED in accordance with a fifth exemplary

embodiment of the present invention.
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. Fig. 7 (b) is a sectional view of the FED in accord#nce with the fifth
exemplary embodiment of the present inventibn. - |
| Fig.- 8 is sectional view of the FED-with convergence clectrode in

accordance with the fifth exemplary embodiment of the present invention.

.Fig. 9 is a sectional view of a FED in accordance with a sixth exemplary
embodiment of the present invention.

I_?ig. 10 (a) is a perspective of a conventional FED.

Fig.10 (b)is a magh_ified sectional view of a part concerned of an
element of the conventional FED. |

Fig. 11 is a sectional view illu_étrﬁting a manufacturing method of the

conventional FED.

DESCRIPTION OF THE PREFERRED EMBODIMENT

- First exemplary efabodiment
~ A first exemplary émbodiment of the present invention is described

below with reference to Figs. 1, 2, and 3.

As shown in Fig. 1, 2 FED of .‘th_e present invention comprises a substrate
1, semiconductor layer 2, FET gate insulation layer 3, FET gate metal 4, FET
source region 5, FET drain region. 6, and emitter array 7. |

In the first exemplary _er_nbodime.nt,_the emitter array 7 is formed by
etching the semiconductor layer 2 on the FET drain region after forming the FET.
In other words, the first exemplary embodiment enables the formation of both

FET and emitter by a single growth of the semiconductor layer 2.. Prevention of .
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exposure of the surface to the air, whiell; isa prbblem with the growth of the

semiconductor layer 2 in two stages, enables. the simplificatio_n of the process and
prevents degradation of crystallinity. | | |

- Fig. 2 shows a sectional view of the FED after a cone emitter 10 and -
extraction electrode 11 are added to the emitter unit shown in Fig. 1. = In addition
to Fig. 1, Fig. 2 shows an impurity diffusion preventing layer 8, FET-source.
electrode 9, one cone emitter 10 in the emitter array 7, extraction electrode 11,
insulation layer under the extraction electrode 12, and FET passivation layer 13.

Since the cone emitter is located at the center of a cylindrical hole, the
electric field is uniformljt concentrated at its tip, emitting cold electrons
uniformly and at relatlvely low voltage Aecordingly, the use of a cone emitter
and extraction electrode in the FET configuration shown in Fig. 1 enables
satisfactory cold electron emission charactenstlcs to be achieved.

The substrate 1is a smgle crystal or polycrystalline substrate made of
semiconductors such as s111con In partlcular the use of an amorphous glass
substrate enables enlargement of its 51ze, and allows reduced cost and larger
screen size when applied to display elements. _

In general, satisfactery crystallinity is not achievable with a thin layer
thinner than 200 nm at the initial stage of layer formation because the lattice
constants of crystals dxffer when the polycrystalline semiconductor layer 2 is
formed on the glass substrate 1 - The crystallinity then improves gradually after
the layer thickness exceeds 5_00 nm. Accordingly, formation of the FET on the
crystal surface of a layer above 500 nm thick facilitates the formation of the
semiconductor layer 2 with an electron mobility in excess of 10 cm?/V-s. One

method of forming the semieonductor layer 2 is the CVD method which utilizes
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~ the catalytic effect cansed by the contact of semiconductorllma_;.terial- gas with a

metal having high melting point heated to a high temperature. If micro grain -

_ silicon or polycrystalhne silicon is grown using this CVD method, the

semiconductor layer 2 with electron mobility above 10 cmle *s is obtained, and
this is suitable for controlll_ng emission current from the emitter.
The impurity diffusion preventing layer 8 is provided to prevent any

detrimental effects created by elements in the substrate thermally diffusing to the

~ semiconductor layer as impurities when the substrate and the semiconductor layer

on top have different compositions In particular, a closely packed layer of

silicon oxide and sﬂlcon mtnde whlch are used in general processes can

~ effectively suppress any dlffusmn of 1mpunt1es and also can be easily -

manufactured.

As for the semicondhctor 2, Group IV semiconductors such as silicon
and Group III-V semlconductors such as gallium and arsenic may be used.-- In
particular, semlconductors W1th a w1de band gap such as dlamond boron: nitride,

and galhum nitride themselves have small electron affinity. These-types emit

electrons in a vacuum at low voltage, and are thus suitable for use as the emitter---

Extensive studies have also been done on the use of silicon in integrated circuits,
and silicon also has a stable oxnde layer Aeeordmgly, the use of silicon is -
advantageous for controlhng the emitter using an integrated circuit. Since the
above semiconductors may also be used as the emitter, an emitter combined with
‘an FET is easily mamlfaclhrehl. -

For manufactunng an n-channel FET that is able to respond rapidly and
is able to flow large cun‘ent p-type semiconductor may be used as the material

for the semiconductor layer 2. - The p-type semiconductor can be made by

10
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doping horen or alurllinum'or. _te _.Group IV _semieon(i__uctors, or by doping
magnesium and zinc to Groap ITI-V semiconductors. On the other hand, for
manufacturing a n-channel FET, n-type aenﬁconductor may be used. The n-type
semiconductor can be made by doping phosphor.u-s or arsenic to Group IV

semiconductor, and by doping silicon or sulf_ur to Group III-V semiconductors.

- For integrating an electronic circuit to. control the operation of the emitter, a c-

MOS circuit is appropriate. In this case, both n-channel and p-channel FET's are
necessary. | |

The semlconductor layer 2 may have an amorphous, a polycrystalhne ora
single crystal structure When using a single crystal for the semiconductor layer
2, the materials for substrate 1 may belimited. For large glass substrates, it may
be necessary to use amorphous or polycrystallme semiconductor layer 2. In this
case, hydrogen treatment is effectlve for improving crystallinity by terminating
dangling bonds msrde the semrconductor

- The FET gate msulatlon layer 3 may be made of silicon dioxide, silicon
nitride, or their comp.osites'which' have high electrical insulation ability and a
very dense structure. To. reduce distortion in the insunlation layer 3, single layers
of these materials are combmed to create multiple layers. If the CVD method is
used for manufacturing the insulation layer 3, layers from the semiconductor
layer to silicon nitride layer may be. consecutlvely formed without causing any
damage to the semrconductor layer An FET with good characteristics may thus
be manufactured. The above insulation layer 3 may also be used as an etching
mask for processing the em-ltter, or a mask for doping ions in the drain region of

the FET.

11
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For processing the shape of emitter, the above insulation layer 3 may be

used as amask. The insulation layer 3 'niay ‘also be used as a mask for doping

jons in the FET drain region |

" For metal wiring mcludmg the FET gate metal 4, FET source electrode 9,
and extraction electrode 11; almmnum, which is inexpensive; has low electrical
resistance, and can be used to form good quality anode oxide layer; may be used.
Alternatively, copper, whlch is inexpensive and has an even lower electrical
resistance; titanium, wluch lmproves adhesion to the glass substrate; or tantalum,
which can form good quality anode oxide layer may be used. Other elements

such as neodymium may be added, for example to aluminum, for suppressing
hillocks, and to create an alloy containing the major constituent at 95 weight -
percent or more. |

" When forming a metal layer on the glass substrate a thin titanium layer
of 100 nm or less may be formed first followed by aluminum layer formation to
improve adhesion and electncal conductmty Accordingly, these metal
elements may be used as a single layer or combined to form multiple layers to
exploit the best characteris‘tiios of each metal.

Figs 3 (a) to 3 (f) show sectional views of an example of the
manufacturing process of the FED in the first exemplary embodiment.

As shown in Fig. 3 (o) the nnpunty diffusion preventing layer 8,
semiconductor layer 2 and FET gate insulation layer 3 are formed consecutively
using the plasma assisted CVD method, followed by a FET gate metal 4
deposition by vacuum deposmon Next, as shown in Fig. 3 (b), the gate metal 4
and gate insulation layer 3 are patterned by etching such as reactive ion etching

to determine the position of the FET and emitter.

12
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~Then, as shown in Flg 3 (c), the cone emltter is formed usmg the gate
msulatmn layer 3 as the mask for an etchmg such as reactive ion etching.
Next, as shown in Fig: 3 (d), the FET source region 5 and FET drain
region 6 are formed using dobin_g technology sﬁch as ion inplantation. The
emitter is doped at the same time.

As shown in Fig. 3 (e), the insulation layer 12 under the extraction

- electrode 11 is formed typically using the plasma assisted CVD method, after

which a contact hole is etched in the source region 5, and the FET source
electrode 9 is formed typically using sputtering.

As shown in Fig. 3- (), the FET passivation insulation layer 13 and
extraction electrode 11 a;e eeﬁsecuﬁvely formed, 'typic,ally' using the plasma -
assisted CVD method. -

‘Lastly, as shown.ii-l Flg 3 (g), the extraction electrode 11 and insulation
layer under extraction electrede 12 are etched to expose. the cone emitter.

The insulation layer 13 is made to be etched more slowly than that of the
insulation layer 12. For example, sﬂlcon dioxide may be used for the insulation
layer 12 and silicon mtnde may ‘be used for the insulation layer 13, or the
insulation layer 13 is made to be thicker than that of the insulation layer 12.
This is because if the insulation layer 12 and insulation layer 13 are made of the
same material and same thickﬁess, the FET itself may be destroyed by dissolving

in etching agent while the extraction electrode 11 and insulation layer 12 are

-being etched to expose the emitter.

The semiconductor layer 2 or gate insulation layer 3 shown in Fig. 3 (a)
is preferably formed using one or more of mono-silane , di-silane, hydrogen,

nitrogen, ammonia, methane, ethane, propane, butane, trimethyl gallium, triethyl

13
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galliuin, trimethyl alumimi_in,. arsine, phOSphine-, and di-borane as-material gas for
the CVD-uti'lizin-g the catalytic effect of metals having high melting pbin't such as
tungsten, tantalum, and molybdenum (the so-called hot wire method). This
enables the formation of a polysilicon layer of 500 nm thick or more with
electron mobility above 10 cm*Ves ata relatively fast rate of around 0.2 to 0.5

nm/s even at relatively low temperatures of below 500 °C or below, compared to

" the ordinary plasma assisted CVD using RF discharge. Consequently, no post-

annealing process for p'olyc'rystallizétion’ such as using excimer laser annealingis -

necessary.

Furthermore, as shown in Fig. 3 (c), the use of part of the gate insulation

layer 3 as an etching mask for etching the cone emitter simplifies the process.

- As shown in Fig. 3 (d), the electrical resistance among the FET source

region 5, FET drain region 6, cone emitter 10, FET drain, and emitter is

-adjustable using ion implalitation, also simplifying the process. If ions are
-implanted between the FET drain and emitter, leaving a part of the FET gate

* insulation layer 3, this remaining part will not be doped or less doped, enabling -

fine adjustment of the electrical resistance of the entire channel between the FET
drain and emitter.

Ton doping amount is also adjustable according to the thickness of the -

'FET gate insulation layer 3, and thus fesistance is also adjustable. - Since the

resistance between each emitter and drain is adjustable, the electron emission

from each emitter can be made uniform. In addition, if high electrical resistance

- is provided between the emitter and drain, changes in electron emission from the

emitter over time may be stabilized by negative feedback of resistance.

14
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In the. process shown in Fig. 3 (g), the crystalhmty of the semiconductor
layer 2 may be improved by thermal treatment, and thus the charactenstlcs of the
FET and in-plane uniformity may be improved. In particular, in the case of
amorphous silicon and polycrystalline silicdn, thermal treatment may be |
implemented in a simple nitrogen or inert gas if a silicon nitride passivation layer
containing a large amount of hydrogen is formé_d. ~ In general, however, FET
characteristics are effectively imprm./ed-by thermal treatment in an atmosphere

containing hydrogen or water vapor.

- Second exemplary embodiment

A second exeinplar); embodiment of the present invention is described
‘with reference to Fig. 4. 'The surface of the emitter 10 is covered with a carbon
protective layer 14 such as diamond or diamond-like carbon which is chemically
inactive and does not degrade electron emission characteristics, so as to make the
surface of the emitter chemically inactive. As a result, satisfactory electron
emission characteristics may be maintained even in a relatively low vacuum
‘without being damaged by iﬁlpact or adsorption of remaining gas in the vacuum
system. The protective layer 14 is formed after the step shown in Fig. 3 (f) at
areas other than an electrode pad, typically using the microwave excitation

plasma assisted CVD.

~ Third exemplary embodiment )
A third exemplary embodiment of the present invention is described next

with reference to Fig. 5.

15
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As shown in Fig. 5, a FED of present exemplary embodiment include a -
high resistance region 15 between the gate and source and between the gate and
drain of FET. - The high resistance region 15 can be created by reducing doping

amount between the gate and source and between the gate and drain. The

" structure of the third exemplary embodiment enables the prevention of drifting of

emission current due to impact ion effect generated by high electric field around -

the drain electrode, and thus reduces the OFF current and the impact ion effect. -

Fourth exemplary embodiment
A fourth exemplary embodiment of the present invention is described
next with reference to Fig, 6. |

- When the glass substrate 1 or impurity diffusion preventing layer 8 is

amorphous, or they have different lattice constant from the semiconductor layer 2,

crystallization of the semiconductor layer formed on the glass substrate 1 or

impurity diffusion preventing layer 8 is difficult. Even the semiconductor layer

is crystallized, distortion or defect density may increase. In order to reduce such
distortion or defect density, the FED of the fifth exemplary embodiment inserts
an amorphous layer 16 of 100 nm thick or less between the substrate and -
semiconductor layer or between the irﬁpﬂrity'diffhsion preventing layer-and
semiconductor layer.

For example , if poi);crystalline silicon is formed on the glass substrate,

the strained super lattice of silicon and germanium or amorphous silicon layer of

" 100 nm thick or less may be inserted using the plasma assisted CVD method so

as to prevent propagation of defective crystal growth generated at the interface.

Distortion caused by a difference in lattice constant or in thermal expansion

16
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coefficrent may further be reduced to. assrst crystallrzatlon of the semiconductor

layer 2. The amorphous silicon layer may also be formed before the formatlon
of the polycrystalline silicon layer using tlre same process at lower temperature
than that for polysilicon.. This type of amorphous silicon layer is particularly
effective for uniform crystallization of the polycrystailine silicon layer within the

entire substrate at a later process.

Fifth exemplary embodiment =~
A fifth exemplary embodiment of the present invention is described
below with reference to Flgs 7 and 8. _
" The manufacturidg orocess of an FED in this exemplary embodiment is
‘the same as that illustrated in Fig. 3. The difference is that, as shown in Fig. 7, a

ring gate structure is adopted for the FET, and the emitter is formed in a circular

- drain region at the center of the FET

The emitters 10 are dlsposed in concentric or rotational symmetry in the

- circular drain region 6 so that the distance between the FET gate and each emitter

- remains equal. - Equal resrstance to each emitter makes it possible to equalize the

emission current from each emitter as well as preventing leak current from the

- FET. -

Moreover, the electrlc field created by the extraction electrode 11, gate
metal 4, and source electrode 3 has an equal effect on electrons emitted from the
emitters, and thus electrons are emitted uniformly to all directions. Furthermore,
the ring gate structure enables a large gate width / Gate length (W/ L) ratio in

FET to be secured, allowing FETs acceptable with a high current to be

17
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manufactured even though the electron mobil_itj of the semiéondu_ct_or layer 2 is
low. .

~ If an FET with the same current level as the prior art as shown in Fig. 10
(a) is created, the gate area (WxL) can be made larger than in the .prior art ,
enabling to reduce the deviation of W/L ratio within the substrate that occurs due
to the deviation in manufacturing dimensions of FETs. -

In case of the n-channel FET; however, the gate voltage is generally
controlled by the positive electric field. This attracts electrons emitted from the
emitter, and makes electrons spread somewhat in the substrate. A convergence
electrode 17 in the negative electric field is thus formed on the ring FET, as
shown in Fig. 8, in order to adjust the spreading angle of emission electrons.

The extraction electrode 11 shown in Fig. 3 (f) may also be patterned to act as the

- convergence electrode 17.

Sixth exemplary embodiment

A sixth exemplary embodiment of the present invention is described with
reference to Fig. 9. o |

In the sixth exemplary embodiment, the entire FET is covered with a.
metal layer 18 to create a noise;.shield for the FET. This eliminates a large
fluctuation in emission current from the emitter formed in the FET drain due to a
small external noise generated by an inductive noise to the gate metal. The
extraction electrode 11 shown in Fig. 3 (f) may be patterned to act as this metal
layer 18. The metal layer 18 may also be maintained to a ground potential to

achieve sufficient noise shielding effect.

18
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 Industrial applicability
As described above, the FED of the present invention enables the
manufacturing of an emitter array with FETs with uniform and satisfactory

characteristics using the simple process of forming the semiconductor layer on a

- large glass substrate in a single step, without the need for a post-annealing

process.

‘In addition, the use of a metal layer shielded_type FET having ring gate
confers strong resistance to external noise, enables to control relatively large
current emission characteristics uniformly, and obtains emitter characteristics
with uniform electron emissions to all directions. Accordingly, factors crucial
to high picture quality, including uniformity and high luminance, low power
consumption, and low cost aré realizable when the FED of the present invention

is applied to a flat panel display device.
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1. A field emission device comprising:
a semiconductor layer formed on a substrate; - - | |
a field effect transistor comprising an insulation layer and electrode;
at least one emitter forméd on one of a drain region of said field effect

transistor and a portion of said semiconductor layer contacting the drain region.

2. The field emission device as defined in Claim 1, wherein said emitter

has a cone shape tip.

- 3. The field emission device as defined in Claim 1, wherein an extraction

electrode for emitting electron is formed, said extraction electrode being formed

in a way not to contact said emitter and said drain region.

4. The field emission device as defined in Claim 1, wherein said

substrate is an amorphous substrate.

5. The field emission device as defined in Claim 1 further comprising an
impurity diffusion preventing layer between said substrate and said
semiconductor Iayer. o . _

6. The ﬁeid emission device as defined in Claim 5, wherein said impurity

diffusion preventing layer is made of one of a single layer of one of silicon

- dioxide and silicon nitride, multiple layers of their combination and their

composite layer.
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7. The field emission devxce as defined in Clalm 1, wherem said
selmconductor layer is mamly made of one of a IV group element in a penodlc

table and composite semiconductor of the combination of the IV group elements.

8. The field emission device as defined in Claim 1, wherein said
semiconductor layer is made of a composite semiconductor of the combination of

III group elements and V group elements in a periodic table.

9. The field emission device as defined in Claim 1, wherein said
semiconductor layer is one of a doped p-type semiconductor and n-type

semiconductor.

10. The field emission dev1ce as defmed in one of Claims 1 and 9,
wherein said semlconductor layer is one of a p-type semiconductor doped with
one of boron, aluminum, magnesmm, and zinc; and a n-type semiconductor

doped with one of phosphorous, arsenic, antimony, silicon, and sulfur.

11. The field emission devxcc as defmcd in Claim 1, wherein said -
semiconductor layer has a structure one of amorphous, hydrogen treated

amorphous, polycyrstalline, and hydrogen treated polycrystalline.

. 12. The field em_issidn device as defined in Claim 1, wherein said
insulation layer of the fleld effect transxstor is made of one of a single layer of
one of silicon dioxide and sﬂlcon mtnde, multiple layers of their combination,

and their composite laycrs.
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13. The field emission device as defined in Claim 1, Whereih,a metal
layer of said field effect transistor and all metal wirings are made of one of a - - -
single layer containing at least 95 weight percent of one of aluminum, copper,

titanium, and tantalum, and multiple layers of their combination.

14. The field emission device as defined in Claim 3, wherein an
insulation layer having lower etching speed than the etching speed of an
insulation layer under said extraction electrode is used as a passivation insulation

layer of said field effect transistor.

15. The field emission device as defined in Claim 14, wherein silicon
dioxide is used for the insulaﬁon layer under said extraction electrode, and silicon

nitride is used for the passivation layer of said field effect transistor.

16. The field emission device as defined in Claim 3, wherein the gate
insulation layer of said field effect transistor is thicker than an insulation layer

under said extraction electrode.
17. The field emission device as defined in Claim 1, wherein a surface of
said emitter is covered with a chemically inactive protective layer which does not

degrade electron emission characteristics.

18. The field 'emissioﬁ device as defined in Claim 17, wherein said

protective layer is made of carbon .
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- 19. The field emission device as defined in Claim 1, wherein a layer
having higher electric resistance than source and drain is inserted between one of

i) source and drain, and ii) drain and gate of said field effect transistor.

20. The field emission device‘ as defined in Claim 1, wherein said
semiconductor layer is one of polycrystalline and single crystal layers containing

one of a strained super lattice layer and an amorphous layer not thicker than100

nm.

21. A field emission device comprising:

an emitter array formed in a one of circular and polygonal drain region of
field effect transistor; -

one of a ring and polygonal ring gate electrode around said drain region;
and

- a source electrode around said gate electrode.

22. The field emission device as defined in Claim 21, wherein an emitter

is disposed in said drain region at one of concentric and rotational symmetric

“position.

23. The field emission device as defined in Claim 21, wherein said
emitter array has one of ring and polygonal ring convergence electrode, said

convergence electrode surrounding said emitter array in rotational symmetry.
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24. The field emission device as defined in Claim 23, wherein said

convergence electrode also act as a extraction electrode for electron emission.

25. A field emission device comprising:
5 an emitter; and
- afield effect transistor;
wherein an upper part of said field effect transistor is covered with an

' insulation layer and metal layer.

10 26. The field em-issioﬁ device as defined in Claim 25, wherein said metal

layer also act as a extraction electrode for electron emission.

27. The field einission device as defined in Claim 25, wherein said metal -

layer is maintained to a ground potential. -

15
28. A method of Ihanufacturing a field emission device comprising:
forming a semiconductor layer on a substrate;
forming a field effect transistor by forming an insulation layer and
electrode on said semiconductor layer;
20 forming at least oné emitter on said semiconductor layer at one of a drain

region of said field effect transistor and said semiconductor layer contacting the

drain region.
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29. The method of manufactu__rin_g; a field ehﬁssion dcvice as deﬁned_in
Claim 28, Wherein said emitter and said-semi'cd_nductof layer of said field effect

transistor are made of the same material, and formed simultaneously.

30. The method of manufacturing a field emission device as defined in
Claim 28, further comprising the step of forming an impurity diffusion

preventing layer between said substrate and said semiconductor layer.

-31. The method of manufacturing a field emission device as defined in
Claim 28 , wherein one of said semiconductor layer and said insulation layer is
formed using a chemical \}apér deposition method utilizing a catalytic effect -
caused by the contact of material gas with a metal having high melting point-

heated to a high temperaturé. '

32. The method of manufacturing a field emission device as defined in
Claim 31, wherein said material gas is at least one of monosilane, di-silane,
hydrogen, nitrogen, ammonia, methane, ethane, propane, buthane, trimethyl -

- gallium, triethyl gallium, trimethyl aluminum, arsine, phosphine, and di-borane.

33. The method of manufacturing a field emission device as defined in

-Claim 31, wherein said metal having high melting point is at least one of tungsten,

tantalum, and molybdenum. -

25



10

15

20

25

WO 00/54299

[T

. 34.The method of mamifactu_’fing- a field emission device as defined in
‘Claim 28, wherein said insulation layer is used as an etching mask for processing

a shape of said emitter.

~ 35, The method of manufacturing a field emission device as defined in

-Claim 28, wherein electric resistance in said drain region in which said emitter is .

formed is adjusted by ion implantation.

36. The method of manufacturing a field emission device as defined in
Claim 35, wherein ions are implanted in said drain region, while said insulation

layer is remained.

37. The method of manufacturing a field emission device as defined in
Claim 28, wherein said semiconductor layer is thermally treated in one of -
‘nitrogen and inert gas atmosphere at not higher than 500 C and an atmosphere
containing one of hydrogen énd-Water vapor.
38. A method of manufacturing the field emission device comprising:
forming three layers of a semiconductor layer, gate insulation layer, and
gate metal of a FET on one of a substrate and an impurity diffusion preventing
layer formed on said substrate;
forming a FET gate and gate electrode by patterning said gate metal and
gate insulation layer;
forming an emitter by etching a part of a drain region of said FET;
doping a surface of one of said FET source and drain, and emitter;

forming a source electrode on said FET through an insulation layer;
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forming a passivation layer on said FET;
forming a extraction electrode to said emitter through one of an
insulation layer and space; and

thermally treating one of said FET and emitter _region.

39.A field emission display device having an electron emission device

comprising: | |

a semiconductor layer formed on a substrate;

a field effect transistor comprising an insulation layer and electrode;
10 at least one emitter formed on one of a drain region of said field effect

transistor and a portion of said semiconductor layer contacting the drain region.

40.A field emission display device having an electron emission device
comprising:
15 an emitter array formed in a one of circular and polygdnal drain region of -
| field effect transistor;
one of a ring and polygonal ring gate electrode around said drain region;
and

a source'electrode_arou_nd said gate electrode. -
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