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FIELD EMISSION DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a ?eld 
emission device, and more particularly to a ?eld emission 
device capable of preventing generation of a leakage current 
due to an electrical shortage betWeen a gate electrode and an 
emitter, Which is generated by a high operating voltage. 

[0003] 2. Description of the Prior Art 

[0004] A ?eld emission device is used in a ?eld emission 
type display device, etc. The ?eld emission-type display 
device is a device for Which a research has been made as a 
neXt-generation ?at panel display device folloWing 
TFTLCD. 

[0005] The ?eld emission device is mainly divided into a 
triode type and a diode type. The triode type includes a 
cathode having the emitter and the gate electrode, and an 
anode installed on the cathode. The emitter serves to emit 
electrons and is usually made of a tip shape. The gate 
electrode serves to control the amount of electrons generated 
from the emitter depending on the voltage applied thereto. 
The diode type has only one electrode at the cathode. 

[0006] The present invention relates to a triode-type ?eld 
emission device. A conventional triode-type ?eld emission 
device Will be beloW described. 

[0007] FIG. 1 shoWs a conventional ?eld emission device. 

[0008] Referring noW to FIG. 1, the conventional ?eld 
emission device includes an emitter 104 for emitting elec 
trons and made of a tip shape, a gate electrode 105 for 
controlling the amount of electrons generated from the 
emitter 104 depending on the voltage applied thereto, and an 
anode 107 formed on the gate electrode 105, as a main 
component. The anode 107 is connected to the anode 
terminal 108 and the gate electrode 105 is then connected to 
the gate terminal 106. 

[0009] MeanWhile, the emitter 104 is connected to the 
sWitching means 103 for selectively supplying current to the 
emitter 104. The sWitching means 103 consists of a transis 
tor and selectively supplies current from the source electrode 
101 to the emitter 104 depending on the voltage applied to 
the gate electrode 102 of the transistor. 

[0010] As shoWn in FIG. 1, the gate electrode 105 of the 
?eld emission device is formed around the emitter 104. A 
high voltage for discharging electrons from the emitter 104 
is applied to the gate electrode 105. At this time, When the 
emitter 104 and the gate electrode 105 are electrically 
connected, suf?cient difference of voltage betWeen the emit 
ter 104 and the gate electrode 105 is not formed to not only 
discharge electrons but also generate a leakage current. 
Thus, the poWer consumption is rapidly increasing. 

[0011] Also, if the gate electrode 105 of the ?eld emission 
device is connected to a gate, source or drain of a transistor 
due to electrical reason or process reason, suf?cient differ 
ence of voltage betWeen the emitter 104 and the gate 
electrode 105 of the ?eld emission device is not formed to 
normally discharge electrons While a leakage current is 
formed in a similar fashion. 
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[0012] If the leakage current is ?oWed as above, the 
difference in the voltage betWeen the emitter 104 and the 
gate electrode 105 of the ?eld emission device is accord 
ingly reduced. The reduced amount is proportional to the 
multiplication of the leakage current and resistance. There 
fore, as a suf?cient voltage is not applied to the gate 
electrode 105 of the ?eld emission device formed around a 
region Where the leakage current is generated, a normal 
operation could not be performed. 

[0013] Due to this, there are problems that the poWer 
consumption is increased and reliability of the device is 
degraded. 

SUMMARY OF THE INVENTION 

[0014] The present invention is contrived to solve the 
above problems. An object of the present invention is 
therefore to provide a ?eld emission device capable of 
preventing increase of the poWer consumption and improv 
ing reliability of the device. 

[0015] Another object of the present invention is to pro 
vide a ?eld emission device comprising a gate electrode, an 
emitter, an anode, and a resistance element connected 
betWeen the gate electrode and an eXternal terminal to 
preventing a leakage current to the gate electrode or the 
emitter. The resistance element may use a resistor or a metal 

Wiring a portion of Which is thinly formed and thus has a 
high resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The aforementioned aspects and other features of 
the present invention Will be eXplained in the folloWing 
description, taken in conjunction With the accompanying 
draWings, Wherein: 

[0017] FIG. 1 shoWs a conventional ?eld emission device; 

[0018] FIG. 2 shoWs a ?eld emission device according to 
the present invention; and 

[0019] FIG. 3 to FIG. 5 are cross-sectional vieWs for 
explaining a method of manufacturing the ?eld emission 
device according to each of embodiments of the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] The present invention Will be described in detail by 
Way of a preferred embodiment With reference to accompa 
nying draWings, in Which like reference numerals are used 
to identify the same or similar parts. 

[0021] The ?eld emission device proposed in the present 
invention has a structure in Which a resistor is included at a 
piXel connection portion of a ?eld emission electrode in a 
triode-type ?eld emission device. It is required that the 
resistance of the resistor be small enough not to affect the 
?eld emission characteristic in a normal operation and be 
large enough to control the amount of the leakage current in 
a case that the ?eld emission electrode is electrically con 
nected to another electrodes. 



US 2003/0122197 A1 

[0022] FIG. 2 shows a ?eld emission device according to 
the present invention. 

[0023] Referring noW to FIG. 2, the ?eld emission device 
according to the present invention includes an emitter 204 
for discharging electrons and having a tip shape, a gate 
electrode 205 for controlling the amount of electrons gen 
erated from the emitter 204 depending on the voltage 
applied thereto, an anode 207 formed on the gate electrode 
205, and a resistor 209 connected to the gate electrode 205. 
The anode 207 is connected to the anode terminal 208 and 
the gate electrode 205 is also connected to the gate terminal 
206 via the resistor 209. 

[0024] MeanWhile, the emitter 204 is connected to a 
sWitching means 203 for selectively supplying current to the 
emitter 204. The sWitching means 203 consists of a transis 
tor and selectively supplies the current supplied to the source 
electrode 201 to the emitter 204, depending on the voltage 
applied to the gate electrode 202 of the transistor. 

[0025] As seen from FIG. 2, the gate electrode 205 of the 
?eld emission device is formed around the emitter 204. A 
high voltage for discharging electrons from the emitter 204 
is applied to the gate electrode 205. 

[0026] Even though the emitter 204 and the gate electrode 
205 are electrically connected due to a problem occurred in 
a manufacturing process or an operation, generation of the 
leakage current by the resistor 209 connected to the gate 
electrode 205 can be prevented. 

[0027] Therefore, the difference in the voltage betWeen the 
emitter 204 and the gate electrode 205 is suf?ciently main 
tained, so that not only electrons can be smoothly discharged 
from the emitter 204 but also increase of the poWer con 
sumption can be prevented. 

[0028] In the above, the resistor 209 may use a common 
resistor or a metal Wiring a portion of Which is thinly formed 
and having a high resistance. 

[0029] Further, it is required that the resistance of the 
resistor 209 be higher over ten times than that from the gate 
electrode 205 of the ?eld emission device to the gate 
terminal 206. Also, it is required that the characteristic time, 
that is displayed as a multiplication With the driving capaci 
tance of the emitter 204, satis?es the condition smaller than 
a reciprocal number of the speed to be driven. 

[0030] A method of manufacturing the ?eld emission 
device having the resistor Will be beloW described. 

[0031] FIG. 3 is a cross-sectional vieW for explaining a 
method of manufacturing the ?eld emission device accord 
ing to a ?rst embodiment of the present invention. 

[0032] Referring noW to FIG. 3, a gate electrode 302 of a 
transistor is formed on a glass substrate 301. A gate insu 
lating ?lm 303 is then formed on the entire surface including 
the gate electrode 302. An activation layer 304 is formed on 
the gate insulating ?lm 303 to cover the gate electrode 302. 
Then, source/drain 305a and 305b are each formed on edges 
of the activation layer 304 made of a n+doping layer. A 
transistor for selectively supplying current to the emitter to 
control discharge of electrons is thus formed on the glass 
substrate 301. As such, the transistor consists of the gate 
electrode 302, the gate insulating ?lm 303, the activation 
layer 304 and the source/drain 305a and 305b. The transistor 
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has an inverted staggered structure being a common struc 
ture in an amorphous silicon transistor. 

[0033] Thereafter, the source/drain electrodes 306a and 
306b having a given pattern are formed on the gate insulat 
ing ?lm 303 including the source/drain 305a and 305b, 
respectively. After an insulating layer 307 is formed on the 
entire structure, the insulating layer 307 is etched to form a 
hole through Which a given region of the drain electrode 
306b is exposed. An emitter 308 of a tip shape is formed on 
the drain electrode 306b exposed through the hole. 

[0034] After the emitter 308 is formed, a gate electrode 
309 of the ?eld emission device is formed on the insulating 
layer 307 around the hole. Next, a metal Wiring 310 for 
applying voltage to the gate electrode 309 or electrically 
connecting to an external terminal is formed. At this time, 
the metal Wiring 310 is formed at a given distance from the 
gate electrode 309. The gate electrode 309 and the metal 
Wiring 310 are connected via a resistor 311. The resistor 311 
is made of a doped semiconductor or a conductor having a 
relatively high resistance and is formed by means of depo 
sition and pattern process. 

[0035] Thus, the ?eld emission device in Which the resis 
tor 311 is connected betWeen the gate electrode 309 and the 
metal Wiring 310 is manufactured. 

[0036] FIG. 4 is a cross-sectional vieW for explaining a 
method of manufacturing the ?eld emission device accord 
ing to a second embodiment of the present invention. 

[0037] Referring noW to FIG. 4, a transistor including a 
gate electrode 402, a gate insulating ?lm 403, an activation 
layer 404, source/drain 405a and 405b, and source/drain 
electrodes 406a and 406b are formed on a glass substrate 
401 by means of the same process mentioned in FIG. 3. 
After an insulating layer 407 is formed on the entire struc 
ture, the insulating layer 407 is etched to form a hole through 
Which a given region of the drain electrode 406b is exposed. 
An emitter 408 of a tip shape is formed on the drain 
electrode 406b exposed through the hole is then formed. 

[0038] After the emitter 408 is formed, a ?rst gate elec 
trode 409 of the ?eld emission device made of a metal 
Wiring is formed in a given pattern on the insulating layer 
407 around the hole. Then, a second gate electrode 410 is 
formed on remaining regions except for a given region on 
the ?rst gate electrode 409. The ?rst gate electrode 409 in a 
region Where the second gate electrode 410 is thus not 
formed serves as a resistor, thus completing the ?eld emis 
sion device having a resistor. 

[0039] As above, the gate electrode in the ?eld emission 
device has a structure in Which the ?rst and second gate 
electrodes 409 and 410 are stacked. At this time, the ?rst 
gate electrode 409 serves as not only the gate electrode but 
also an electrode and a connection portion connected to an 
external terminal. MeanWhile, the second gate electrode 410 
serves as only the gate electrode and the external terminal of 
the pixel. At this time, the ?rst gate electrode 409 is made of 
a material having a high resistance and the second gate 
electrode 410 is made of a material having a loW resistance. 
Therefore, the resistance of the connection portion to be 
connected to outside of the pixel can be high While the 
resistance of the gate electrode is loW. 

[0040] FIG. 5 is a cross-sectional vieW for explaining a 
method of manufacturing the ?eld emission device accord 
ing to a third embodiment of the present invention. 
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[0041] Referring noW to FIG. 5, a transistor including a 
gate electrode 502, a gate insulating ?lm 503, an activation 
layer 504, source/drain 505a and 505b, and source/drain 
electrodes 506a and 506b are formed on a glass substrate 
501 by means of the same process mentioned in FIG. 3. 
After an insulating layer 507 is formed on the entire struc 
ture, the insulating layer 507 is etched to form a hole through 
Which a given region of the drain electrode 506b is exposed. 
An emitter 508 of a tip shape is formed on the drain 
electrode 506b exposed through the hole is then formed. 

[0042] After the emitter 508 is formed, a ?rst gate elec 
trode 509 of the ?eld emission device made of a metal 
Wiring is formed in a given pattern on the insulating layer 
507 around the hole. Thereafter, a given region of the gate 
electrode 509 is etched by a desired thickness by means of 
lithography process and etching process to form a thin gate 
electrode 510. At this time, the amount of resistance is 
controlled by the thickness of portions remained after the 
partial etching. This method can simplify the process in that 
it forms a resistor using a single material. 

[0043] Thereby, as the thin portion of the gate electrode 
510 serves as a resistor, the ?eld emission device having the 
resistor is manufactured. 

[0044] As such, according to the present invention, a 
triode-type ?eld emission device having a resistor is pro 
vided. The resistor is existed betWeen the gate electrode and 
the external terminal. The leakage current can be minimized 
due to the resistor even though the gate electrode is electri 
cally connected With the emitter or other electrode of the 
pixel. 
[0045] In order to minimiZe the amount of the leakage 
current, it is required that the resistance of the resistor is 
higher ten times than that from the external terminal to the 
gate electrode. MeanWhile, if the resistance of the resistor is 
too high, the driving speed of the device may loWer. There 
fore, it is required that the characteristic time, Which is 
displayed as a multiplication With the driving capacitance of 
the emitter, be smaller than a reciprocal number of the speed 
to be driven. 

[0046] Another advantage to be obtained by having the 
resistor is that decrease in the voltage of the gate electrode 
formed around the pixel can be prevented. More particularly, 
in case of an active driving-type ?eld emission device, the 
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gate electrode is usually constructed to be an electrode 
common to entire device regions. Even in this case, affect of 
one damaged pixel on another pixel can be prevented. 

[0047] As mentioned above, the present invention has an 
advantage that it can prohibit generation of the leakage 
current by connecting the resistor to the gate electrode of the 
?eld emission device. The present invention can thus pre 
vent increase in the poWer consumption and improve reli 
ability of the device. 

[0048] The present invention has been described With 
reference to a particular embodiment in connection With a 
particular application. Those having ordinary skill in the art 
and access to the teachings of the present invention Will 
recogniZe additional modi?cations and applications Within 
the scope thereof. 

[0049] It is therefore intended by the appended claims to 
cover any and all such applications, modi?cations, and 
embodiments Within the scope of the present invention. 

What is claimed is: 
1. A ?eld emission device having a gate electrode, an 

emitter and an anode is characteriZed in that it comprises: 

a resistance element connected betWeen said gate elec 
trode and an external terminal, for prohibiting the 
leakage current betWeen said gate electrode and said 
emitter. 

2. The ?eld emission device as claimed in claim 1, 
Wherein said resistance element includes a resistor. 

3. The ?eld emission device as claimed in claim 1, 
Wherein said resistance element is a metal Wiring a portion 
of Which is thinly formed and having a large resistance. 

4. The ?eld emission device as claimed in claim 3, 
Wherein said metal Wiring includes ?rst metal Wirings hav 
ing a high resistance, and second metal Wirings having a 
resistance loWer than the ?rst metal Wiring and each attached 
to both ends of said ?rst metal Wiring. 

5. The ?eld emission device as claimed in claim 1, 
Wherein said resistance element has a resistance higher 
about ten time than the resistance betWeen said gate elec 
trode and said external terminal, and a characteristic time 
Which satis?es a condition smaller than a reciprocal number 
of the speed to be driven. 

* * * * * 


