REPLACENENT’SH Date ;27 L3346 This inventidn was made wi Gover nnent
as\Been

support under 5 ' {[63--93- C- 002 'ﬁW@EQ%*ﬁﬂhf@E@ﬂc d Research
Projects Agency (A nment has cgrtarn -&gw n thits _
i nvention. 10 FOR PREVEN QRO a5 D
EM SSI ON DI SPLAYS 15 This iqvention relates generally to

fiel d em ssion displays (FEDs) and nore particularly to a ne r
preventing junction | eakage in FEDs. Fl at panel displays havghggggﬁf?gfﬁg;n

devel oped for .#0ig YhoeRtidn dysP! RS % 1 AESRSL Mife SENGIGE S g PUt er's
and other el eCtéont£adEViEESpaBYHS 61 1Y 0d WSt $dh Ay AdFanddart €7 and
utilize | eSs pongschPan $PHYEOES AGLnERt j a¥rhdRgo i Sihéys ndde type of

flat panel di sptaythsnkpoyRtasif €Rig dwdeodi el d em ssion display (FED)
25 A cold cathode FED uses electron emssions to illumnate a

cat hodol um nescent screen and generate a visual inmage. An individual field
em ssion cell typically includes one or nore emtter sites forned on a
basepl at e. :

10 METHOD FOR PREVENTING JUNCTION LEAKAGE

IN FIELD EMISSION DISPLAYS

i5 ' This invention relates generally to . field
emission displays (FEDs) and more particularly to a method
for preventing junction leakage in FEDs. '

Flat panel displays have recently been developed for
20 visually displaying information generated by computers and
other électronic devices. Typically, these displays are
lighter and utilize less power than conventional cathode
ray tube displays. One type of flat panel display is known
as a cold cathode field emission display (FED).
25
A cold cathode FED uses electron emissions to
illuminate a cathodoluminescent screen and generate a
visual image. An individual field emission cell typically
includes one or more emitter sites formed on a baseplate.
30 The baseplate typically contains the active semiconductor
devices that control electron emission from the emitter
sites. The emitter sites may be formed directly on a
baseplate fomed of a material such as silicon or on an
interlevel conductive layer (e.g., polysilicon) or
35 interlevel insulating layer (e.g., silicon dioxide, silicon
nitride) formed on the: baseplate. A .gaﬁe electrode
structure, or gfid, is typically associated with the
emitter sites. The emitter sites and grid-are connected to
an electrical source for  @establishing a ' voltage



30 The baseplate typically contains the active sem conductor devices: that
corntrol el ectron em ssi.on fromthe emtter sites. The emtter sites may be
formed directly on a baseplate forned of ‘a material such as silicon or on
an interlevel conductive . layer (e.ds_ polysilicon) or 35

interlevel .insulating layer (e.qg.; 5|I|con di oxide, silicon nitride)

formed on the baseplate. A. .gate. electrode structure, .or grid, is
typical ly associated'mﬁth t he enitter_sites The emitter -sites and grid
are connected to an el ectrical ~ - source for est abl i shing a voltage
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display screen is yplcal illuminated by one or several

emitter sites.

_ In a gated FED, the grid is separated from the base by
_ an insulating layer.'This'insulating layer provides support
10 ~ for the grid and prevents the breakdown of the wvoltage
' differential between the gr1d and. the baseplate.
Individual field emission cells are sometimes referred to
as vacuum microelectronic triodes. The triode e:_I.ements -
“include . the cathode .. (field emitter site), the anode
15  (cathodoluminescent element) and the gate (grid). U.S.
-Patent No. 5, 210 472 to Stephen L. Casper and Tyler A.
Lowrey entitled "Flat Panel Display In Which Low-Voltage
Row and Column Address Signals Control A Much Higher Pixel
_ Activation Vbitage",'deSCribes a flat panel display that
20 utilizes FEDs. | | |

- In flat panel displays that utilize FEDs, the quality
and sharpness of an illuminated pixel site of the display
screen is dependent on:the pre01se control of the electron.

- 25 emission from _the' emitter sites that  illuminate a
'~ particular pixel site. In forming a visual image, such- as
a number or letter, different groups of emitter sites must
be dyCled on or off to illuminate the appropriate pixel
_ sites on the display screen. To form a desired image,
. 30 . electron emission may be initiated in.the emitter sites for
certain pixel sites_while the‘adjacent pixel'sites are held
in an off condition. For a sharp image, it is important
‘that those pixel sites that are reguired to be isolated

remain in an off condition.

35 :



10 fog the grid and prevents the breakdown of the voltage differential
between the grid and the baseplate. Individual field em ssion cells are -
sonetines referred to - as vacUun1niCroelectronic triodes: The triode.
el'enents include the cathode (field emitter site), the anode 15
(cathodolun1nescent element) -"and the gate (grid). U S. Patent No.
5,210,472 to Stephen L. Casper and Tyler A Lowey entitled "Flat Panel _
Di splay I'n Wich Low Vol tage Row and Col unm Address Signals Control A Mich
H gher 'Pi xel Activation Voltage", describes a flat panel display that 20

L ilizes FEst I'n }‘Icme paag’toéi afliaﬁlysmab?tcdﬂéédiiﬁ Eﬁmteth@iwgtéyemdt
shar pness of an um nat ed pi xe e o e di screen i s en
on the preC|se%ﬁﬁﬁ9§ﬁ B Pﬁ§P8F58§PXh‘§% ¥R8m§ﬁﬁﬁﬂﬁg%r% SFW%°°8§PF eF
sites that iljundtixines aipar theul EDi Xz sphetons fgeneratedvibyal the

h | d t enj I tes pUSt
| mage, such as Auiile Iy dLEEERAN 2B OO THLEE! 18P TS

be cycled on or te the appropri at tes:-on the-
di spl ay scPeen.emoirQimant de(sﬁ B0 | AdgRts30 supskipedm FR s TRy bB/N

initiated in thpurRidmd Shhepel UscETEA @wd:ﬁfic&liyswmaeet_aacadpa&ent
PhgthZhies are. 6|d 5%.a%opfgogg%gh%t rowfgglumnhqgéa (%1réu1try and
" current regulation circuitry for the pixel operatlon.:
_ ' During opératioh of the FED, some of the'photons generated
1o at a display screen as well as photons from the
environment, may strike the semiconductor junctions on the
- substrate. This may affect the junctions by changingiﬁheir L
electrical characteristics. In some cases this may cause

an unwanted current to pass across the junction}"This is
15 .  one type of junction leakage in a FED that may adversely

- affect the address or activation of pixel sites and cause

stray emission and.a degraded image quality. |

One. p0551b1e situation is shown in Flgure 1. Flguré

- 20 1 illustrates a pixel site 10 of a field emission display’
FED) 13 and portlons of adjacent pixel sites 10’ on either
side. The FED 13 includes a baseplate 11 having a
substrate 12 formed of a material such as single crystal

_ P-type silicon. A,plurality of emitter sites 14 are formed
25 on an N-type conductivity region 30 of the substrate 12.

- The P-type substrate 12 and N-type conductivity region 30
form a P/N junction. This type of junctionJcan be combined
with other circuit elements to form electrical devicés,_
such as FETs, for activating and regulatlng current flow to .

30 . the p1xe1 sites 10 and 10’

- The-emitter sites 14 are adapted to emit electrohs 28

that are directed at a cathodoluminéscent_display screen 18.
coated with a phosphor material 19. A gate electrode or
35 grid'20; separated from the substrate 12 by an insulating
' layer 22, surrounds each emitter site 14. = Support



that those pixel sites that are required to be isolated remain in an off
condi ti on.. 35 -3- One factor that may cause an enitter site to emt
el ectrons unexpectedly i s the response-of sem conductor” junctions inm the
FED to photons -generated by the |uminescent display.screen and photons
present inthe 5  environnent. (e.g., 47 ghts, - sunshine). In an FED, P/N
_junctions can be used to electrlcally | sol ate each pixel site and.to .
construct row colum drive circuitry and current regulation circuitry for
~the pixel operation. During operation of the FED, sonme of the photons
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5 differential between the emitter sites 14 and the grid 20
"'and display screen 18. The electrons 28 from activated
emitter sites 14 generate the gmission'of photons from the
phosphor material contained in a corresponding pixel site
10 of the display screen 18. To form a particular image,

10 it may be necessary ‘to illuminate pixel site 10 while
‘adjacent pixel éites’- 10/ on either side remain dark.

'A problem' may occur however, when photons 32. (i.e.,
light) generated by a light sburce 33, sunlight or other
15 environmental factors, strike the semiconductor junc'tions
formed in the substrate 12. In addition, photons 32 from
an illuminated pixel site 10 may strike the Jjunctions
formed at the N-type conductivity ‘regions 30 on the
adjacent pixel sites 10’. The photons 32 are éapable of
20 . passing through the spacers 24, grid 20 and insulating
layer 22 of the FED 13, because often these layers are
formed of materials that are translucent to_' most wave
_'lengths-. of light. As an- exainple, the spacers 24 may be
formed of a translucent poiymide , such as kapton or silicon
25  nitride. The ihSulative layer 22 may be formed of
translucent silicon dioxide; silicon nitride or silicon
‘oxynitride. fThe grid 20 may be formed of tranhslucent
'polyéilicon. . ' ' B '

30 _ . .
The exposure to photons frdm the display screen .18 and
‘environment may change the. propert:.es of some junctions on
 the substrate 12 associated with the emnitter sites 14.
_ -"I'h:.s in turn may cause current flow and initiate electron
'35 . emission from the __emltter_ sites 14 on the _adjacent plxel '
sites 107. The electron emission may cause .thi_a adjacent



affect {he address or activation of pixel sites and cause stray em ssion
and. a degraded image quality. One possible situation.is.shown in Figure 1.
Figure 20 1 illustrates a pixel site 10- of a-field enission displ ay FED)
13 -and portlons of adj acent  pixel sites 10" on either side. The FED 13
includes a baseplate 11 havi ng-a subst. rsfie 12 fornmed of a material.such as
singl e crystal P-type silicon.” A plurality of emtter sites 14 are forned
25 on an N-type conductivity region 30 of the substrate 12, The P-type
substrate 12 and -N-type conductivity region 30 forma P/N j unction. This
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surrounds seachsyiddted 15 tfiiayl@:ause IR lproblems in address:mg ‘and
regulatlng current flow to the emitter sites 14 of the FED
cell 13. ' ‘ '

In experiments conducted by the in\ren‘l;ors, -' junction

10 leakage currents have been measured in the laboratory as a
~ function of different lighting conditions at the junction.
At a voltage of about 50 volts and depend_inQ on“the
intensity of light directed at a junction, junction leai{age

- may be on the order of picoamps (i.e., 1012 amps) . for dark

15 | conditions to microamps (i.e., 10° amps) for well 1lit

conditions. .~ For a FED, even relatively small leakage

- currents (i.e., picoamps) will adversely affect the image
quality. The treatise entitled "Physics of Semiconducting
Devices" by S. M. Sze, copyright 1981 by John Wiley and

20 _ Sons, Inc., at paragraphs 1.6.1 to 1.6.3, briefly describes.
the effect of phbton ‘energy on semiconductor junctions. o

In the construction of screens for cathode ray tubes,

| screen aluminizing prdcesses-are used to form with a mirror
25  1like finish on the inside surface of the screen. This
layer of aluminum reflects 1light towards the viewer and

away from the rear of the tube. In U.S. Patent No.
3,814,968 to ‘Nathanson et al., a similar process is
utilized in field emitter cathodes to prevent radiation

-'3_0 emitted at the screen from being directed back onto the
' - photocathode and émit_:ter sites. One problem with this
. prior'art- approach is that with field emission displays .
(FEDs), cathode voltages are relatively low (e.g., 200

~ volts). However, an alﬁminu_m layer formed on the inside

35 surface of the display screen _cannot be easily penet’rated:-
| by electron emitted at these low voltagés. Therefqre this



~4- structures 24, also referred to as. spacers \ “th
baseplate 11" and the dlsplay screen .18. pAn ele?[engfatggupggmegg the :
eﬁtabllshes a voltage 5 dlfferentlal between the enitter sites 14 and
e grid 20 and display screen 18. 'The electrons 28 fromactivated enitt
sites 14 generate t he em ssion of photdhs from the phosphor . material - °
?ontalned i.-n a correspondi ng pi xel site 10 of the display screen 18. To'
orma particular inmage, 10 it may be necessary to illumnate pi xel site

10 whil e adj acent pixel sites 10 on eith
occur however, when photons 32 (j,e I er side remain dark. A problem nmay
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chromium, that overlle _the 'semlconductor junctlonSj
contained in the FED baseplate. As an eXample, U.S. Patent
No. 3,970,887 to Smith et al., describes such a structure
10 (see Flgure 8). However, these circuit traces are
constructed to conduct 51gna1s, and are not- spec1flca11y;;_
adapted for 1solat1ng' the : semiconductor junctlons from |
photon bombardment. Accordlngly, most of the junctlon'
_areas are left exposed.to photon emission and the resultant
15 junction leakage..

'In view of the foreg01ng, there is a need in the art

for improved methods for preventlng ]unctlon leakage in

FEDs. It is therefore an object of the present invention

-'20 to provide an improved method of constructing a FED with a
light blocking element that prevents photons generated in

the environment and by a display screen of the FED from
effectlng semiconductor junctions on a baseplate of the

FED. It is a still further object of the present invention

25 . to prov1de an improved method of construotlng FEDs u51ng an
o opaque layer that protects semiconductor junctions on a
baseplate from light and' which may also perform other
circuit functlons. It is. a Stlll further object of the
present invention to prov1de a FED with 1mproved junction
30 -_1eakage  characteristics using techniques that are :

| compatible with large scaie'semiconductor manufacture.

_ In accordance with the present invention, an improVed'f
'method of constructlng FEDs for flat panel displays. and
_,35.' other electronic . equlpment is _provided. = The method,
~ generally stated comprlses the formatlon of a llght-



formed -of. 'a transl ucent pol ynide,” such as kapton or silicon 25.° nitride.

The.  insulative layer 22 may be formed of translucent silicon dioxide,
silicon nitride or silicon oxynitride.  The grid 20 may be for med of _

transl ucent polysilicon. 30 The exposurgzlo photons fromthe d| 'splay. scr een
18 and envi r onment may change t-he propérties of- sone Junctlons on the _
substrate 12 associated with the emtter sites 14. This in turn’ may - cause

current flow and initiate el ectron 35 ° emi ssion fromthe emtter sites 14
on the adJ acent pixel sites 10'. 'The el ectron enission may cause the
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Ce” 13- ‘the display screen. '_ The light blocking element may be
formed as an opaque. layer adapted to absorb or reflect
light.  In addition  to protecting the 'sfemieohductor
‘junctions from the effects of photons, the opaque layer may
serve other circuit functions. . The opaque layer, for -

| i0 . example,' may be patterned to form interlevel connectlng
_ 11nes for c:l.rqu.t components of the FED. '

. Ih an illlistrative' embodiment, . the . 1ight  blocking
element is formed as an opaque light absorbing material
15 . deposited on a baseplate for the FED. As an examp.le, a
o metal such as titanium that tends to absorb light can be
deposited on the baseplate of a FED. Other suitable opague
- - materials include insulative light absorbing materials such
" as carbon black impregnated polymide, manganese oxide and
'20 manganese dioxide. Moreover, such a light absorbing layer
may be patterned to cover only the areas of the baseplate
that contain semiconductor junctions. The light blocking .
element may also be formed of a layer of a material,_.sueh

- as aliiminum,- adapted" to reflect rather than absorb light.

25 _ . N S _
' - other objects,  advantages and capabilities of the:
present invention  will become more apparent as the
'description proceeds. . | L |
30 o .'Figure 1 'is a cross~sectional 'sehem'atic view of a

prior art FED showing a Plxel site and port:.ons of adjacent
plxel s:Ltes, and . o .

_ Figure 2 is a cross—sect10na1 schematic. view of an_.
.35 - emitter site for a FED hav:l.ng a light blocklng element'
- formed in accordance with the invention.



'fn'exberinents conducted_by.fhe inVentbrsL juhction 10 Ieakage currents
have been neasured i-n the | aboratory as a function of different |ighting -

conditions at the junction. At a voltage of .about 50 volts and depending on .

the intensity of light directed at a junction, junction | eakage may be. on

t he order of piCoanps (i.e., [err] anps$- for dark 15 . conditions to

m croanps (i. [err] anmps). for well I|t ‘condi tions:. For a FED, even
relatively snall Ieakage currents (i.e:, picoanps) will adversely affect
the image quality. The treatlse entitled "PhyS|cs of ~Sem conducti ng

Devices" by S. M Sze ht 1981, b n WI d 2Q '
par agraphs 1.6.1 toR§f8r§ g%VIEOCE% q# tﬁh?@oﬁfeﬁefﬁg on
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utilized in field-emtier cathodes to prevent radlatlo

cr cen 1 rom bel huRPFRELER SHERARBE: NELp DR HIud e EAPELe, SEvehal -
One .probl em wi PAtybéssilicon. Alternately the emitter site 40 may be

formed on another substrate materlal or on an 1ntermed1ate
layer formed of a glass layer or an insulator-glass
10 composite. In the illustfative embodiment, the emitter
. site 40 is formed on an N*tyﬁe conductivity region 58 of
the substrate 36. The N-fype conductivity region may be .
" part of a source or drain of an .FET transistor that
.~ controls the emitter site 40. The N-type conductivity
15 region 58 and P—type substrate 36 form a semlconductor P/N
junctlon._ '

Surrounding the emitter'site_40'is a gate strudture or

'grid 42. The grid 42 is separated from the substrate 36 by

20 an insulating layer 44. The insulating layer 44 includes

an etched opening 52 for the emitter site 40. The grid 42

is connected to conductive lines 60 formed on an interlevel’

insﬁlating layer 62. The conductive lines 60 are embedded

~in an insulating and/or passivatidn-layer_ss and are used

25 to control operation' of the grid 42 or other circuit
" components. ' ' -

_ A display'scfeen’48 is aligned with the enmitter site .
40 and includes' a phosphor' coating 50 in the path - of
30 electrons 54 emitted by the emitter site 40. An electrical
'source 46 1s connected dlrectly or indirectly to the
o emltter site 40 .Whlph funct;ons'_as, a cathode. The
electrical source 46 is also ¢onnec£ed to the grid 42 and

. to the'display-screen'48 Which-function as an anode. -

35



prior:, ar’t'approach.is that with field emssion dis . . -
. splays (FEDs), catho '
__;/gl tages are relatively low (e.g., 200 volts). Howeve?/ gin al Lm num | gser '
rmed on the inside 35 surface of the display screen cannot be easily -

" penetrated by el ectron enitted at these low volta
ges. Therefore 'thi . i6-
approach is not entirely suitabl e i.n-a¥ED for preventing juncti onI iseaka 2
caused by screen and environnent photon em ssion. 5 . -1t is also: kngwn
|ntthe art to construct FEDs with CII‘CUIt traces f or med of an opaque - S
rrgnte;: ﬁed : ?\utcﬂeaIS:EE)h[:)om ulm “that- "overlie the 'sem conductor junct i'ons
asepl ate. e N\ : '
'lt_lg Smith et al., dé&en Be¥°§ﬁéﬁead%f'?ﬁt'?ﬂgggi 15'\!{5% |ﬁtrngQ hésgﬁgc&87
wever, thegg pbtadeh ﬁﬁélceaut&lee- coiter dd,edthe @iduct2sidf '§heand
are not specificall y ada 1pt ed f &tdr@ 541% &S @ 14edUatothiel emtitdies: -
from photon béHERIHE q‘ll i 5 e

, nmost of. the jyn
~exposed to phasiare &0 ssmhesenelentrpgsuﬁﬂaﬁtrlke the 'p ocstp'h%r{' %ropaﬁn%r %o' eft
_5 ' on the. dlsplay screen 48. Th:.s produces the photons 56 -
o that 1llum1nate the dlsplay screen 48. '

: For all of the circuit elements ‘described ‘thus far,

fabrlcatlon processes that are known in the art can ‘be

10 utilized. As an example, U.S. Patent No. 5,186,670 to Doan

- et al., describes “suitable processes - for form:.ng the
substrate 36, emitter site 40 and grid 42.

The substrate 36 and Qrid 42 and their associated

15 clrcultry form the baseplate 70 of the FED. The silicon

' substrate 36 contalns semiconductor dev1ces that control
the operation of the emltter site 40. These dev1ces are

‘combined to form row-column- drive clrcultry, current

_ regulation circuitry, and c1rcu1try for electrically

20  activating or isolating the emitter site 40. As an

' example, the previously c1ted U.S. Patent No. 5,210,472 to
Casper et al. describes pairs of‘ 'MOSFETs formed on a

silicon substrate and connected in series to emitter sites.

5 One of the series connected MOSFETs is gated by a signal on

25 the row line. The other MOSFET is gated by a s1gnal on the

'column line.

In accordance w1th ‘the present :mvent:Lon, a light .
' blocklng layer 64 is formed on ‘the baseplate 70. The light
30 ~ blocking layer 64 prevents light from the environment and
'1light generated at the display screen 48 from strlklng'
'semiconductor junctlons, such as the junctlon formed by the '
N—type conduct1v1ty region 58,' on the substrate 36. A
_ passlvatlon layer 72 is formed over the llght blocklngl"
35 layer 64. '



15 junction | eakage. In view of the foregoing, there is a need in the art -
for-inproved nethods for- preventlng junction | eakage in FEDs. It is
therefore an object -of the present invention 20 ' to -provide an |nproved
met hod- of constructing a FED with a light blocking elenent’ that prevents
phot ons -generated i-n the environment an (by a display screen of the FED
from ef fecting: sem conductor ;junctions on a. basepl ate -of the FED. It is a
still further object of the present invention 25 ~to provide an |nproved
met hod " of constructing FEDs using- an opaque | ayer that protects

semi conduct or j unct inofs. iyt ham:a&ge Lager Isghtlsetrmbm&hofraa Material
perforn1other |rCU|t functi ons. Sti I hg t of tgg
present i nvent it otSHrRAHS q:éﬁ'%tc'h i TPT ot %ﬁ F PFBFI ayleé'alé gay
characteristicde uemtgert echobndastiveator ana c:msmlat)ivee \Mﬁattelxarage scdire”
seni conduct or f.actur !gﬁpﬁ j € n ,
|nproved nethogluﬁjgb%?tﬁhc |H§ﬁE% %#%'¥E%ane d@g gbsgggge%glfa§51
el éctroni ¢S eqilsaamtivies opr dightorefleqhivert mt@&emne}r 1a§t$1t1é1!=1u<ie :
conprises the fuAld GucWfad Hi¢Bhium that tend to absorb light, or a
' highly reflective metal such as aluminum. Other suitable
_ conductive materials include  aluminum-copper alloys,”
refractory metals and refractory metal silicides.  In

10  addition, suitable insulative materials include manganese’
- . oxide, manganese d10x1de or a chem1ca1 polymer such as
- carbon black 1mpregnated polymlde.'; .These. insulative
materials tend to absorb llght and .can. be deposited 1n a
- 'relatlvely thlck layer. '
15 -

For a'-' 1ig‘ht blocking layer 64 formed of metal, a
deposition technique such as CVD, sputtering or electron
bean depos1tlon (EBD) may be used. For a light blocking
layer 64 formed of an insulative :materlal or chemlcal

20 polymer, liquid depos1tlon and cure processes ‘can be used -
to form a layer having a desired thickness.

The light blocking layer 64 may_bebblanket‘deposited
" to cover substantially all of the baseplate 70 or it may be

25 patterned using a photolithography process to protect

| predetermined areas on ‘the ' substrate 36 (i.e.,ffareas
occupied by junctions). jFurthermore;'the light blocking

layer 64 may be constructed to serve other circuit function

_ _ as long as. the'area-occupied'by semiconductor junctions'is
o 30' substantlally protected.. As an example, the 11ght blocklng_
- 'layer 64 may be patterned to function as an 1nterleve1'

. connector. -

_ _ A Pprocess sequence for forming an: emltter site 40 w1th
.35 - the llght blocklng 1ayer 64 is as follows'



-7- blocking element between a “cat hodol uni nescent - di een |
-baseplate of the FED. The 1ight -bl.ocki ng el ement protgtfglggnfggﬁgzcﬁgg
junctions on a substrate of the FED from photons generated in the |
;gnv;ronnent and by 5 the display screen. The light bl ocking. el ement may
| gd ormed as an- opaque | ayer -adapted: rﬂlabsorb or reflect light. In
"ah ition to protecting the sen1c0nductor junctions fronlthe effects of
P,Qtons,_the opaque | ayer. may servé ot her circuit functions. The opaque
.l ayer for 10 exampl e, ‘may be patterned to forminterlevel connecting

lines for ¢ t )
light bl ook LS”Q efgﬁ"%@%%&%{? LAkl i9ly 8 peotubedarees, Lhe

aque 11 ght absor,
?GFOSIted on Qn_ emeagéé(chﬁesFﬁi)kniﬁeaﬁd6%§%$Yema§ ﬁBﬁagngﬁfﬁrkal o
.FEDanlgFLéPat s t.0 ab%%g% égg £@n be deposited on the baseplate of a-
ue ma erlals include insulative light absorbing

materials such. as carbon bl ack i nmpregnated pol yn de, manganese oxi de: and 20:

‘manganese_di oxi.de. ., Mor
to cover ‘gnl y the 2- eas% hgﬂb?sbél gogmum ngebapes nd§ Heopatthe ned
T emitter sites 40 by pé) terning and doping a_s1ng1e crystal '

silicon substrate 36.

3. oOxidation sharpen the emitter sites 40 using a
10 . suitable oxidation process. - '

: 4.- Form the 1nsu1at1ng 1ayer 44 by the conformal
fdep051tlon of a 1ayer of silicon d10x1de. ‘Other 1nsu1at1ng: o
materials such as 5111con n1tr1de and s1llcon oxYnltrlde.'

' 15  may also be used.

- 5. Form the grid 42 'by deposition of doped
_ppolys111con followed by chemical mechanlcal planarization
S (CMP) for self allgnlng +the grid and emltter site 40. Such
20 a process is detailed in U.S. Patent No. 5,229,331 to
Rolfson et al. 1In place of polysilicon, other conductlve
_ materials such. as chromlum, molybdenum and other metals may

' also be used. '

25 6.  Photopattern ‘and dry etch the grid. _42..

7. Form 1nterleVel 1nsu1at1ng layer 62 on grld 42.
- . Form contacts' through_ the .1nsu1at1ng: layer-7621 by'
' photopatterning and etching. - o

30 S : _ .
8. | Form metal conductive 11nes 60 for ‘grid
connectlons and other c1rcu1try. Form pa551vatlon 1ayer'- o
66, | | | |
35 - 9. Form the 1lght blocking layer 64. For a 1ight_

-y_blocklng layer formed of tltanlum or other metal the llght'



that centain semiconductor junctions. The Iight bl ocking elenenf may also
be'formed of a layer of a material, such as alum num adapted to reflect
rat her- than absorb light. 25 O her objects, -advantages and capabilities of

t he present
proceeds. 30

I nventi on.

|nvent|on -will . becone rg apparent as the description

_ Flgure 1 is a cross-gectional schematic view of a prior
art FED showi ng a pixel "site and portions of adj acent pixel sites; and
Figure 2 i's a cross-sectional schematic -view of ‘an 35 emtter site for
FED haV|ng a light blocking elenent formed in accordance with the

quowll 1@3;% Qnal:y WK Cadpodt el £beh &hiexABsel of Welveen
il lustrated schemati emtter site 40 can fo

nor e shar pened %499 %as %h‘b%o -wi OFhske M3t ?ﬁ?@é‘%ﬁ%ﬁ%e’ﬂ%{ngBHﬁégedaﬁ&@s

or knife edgesthickeds suditaliler fuirt bt ipafticEhmwmaeteniswl s at e 36.
the illustrative enbodi nent, the substrate 36 S S|ngle crystal
- 5 10. Photopattern and dry etch - the light. blocklng

10

.15

.20

25

30

35

screen.

'1ayef 64, passivation layer 66 and 1nsu1at1ng 1ayer 62 to
‘open emitter and bond pad connectlon areas.

11. Formﬁpassivatien-layer 72 on light blocking_layer

64.

‘12, Form openings through the .passivation layer 72

for the.emitter sites 40,

13. Etch the insulating layer 44 to open the cavity

In

52 for the emitter sites 40. This may be accomplished

using photopatterning and wet etching. For silicon emitter
 sites 40 oxidation sharpened with a layer of silicon

dioxide, one suitable wet etchant is diluted HF acid.

Thus the invention provides a method for preventing
junctlon ‘leakage in a FED utlllzlng a llght blocking

'14. Continue processing to form spacerseand display -

element formed on the baseplate of the FED. = It~ 1s_

understood that the above process sequence is merely

_exemplary and'maY’be varied depending upon differences in
~ the baseplate, emitter site and grid materlals and thelr

ass001ated formation technology..-

While the methed'of the invention has been described
with reference to certain preferred embodiments, as will be
appareht to those skilled in the art, certain changes and
modifications can be made without departing from the scope

- of the invention as defined by the following claims.



P-type-silicon. Alternately the enmitter site 40 may be formed on anot her
substrate material or on an internediate |ayer forned of a glass |ayer or
an insulator-glass 10 .conposite.- In the illustrative enbodinent, . the
emitter site 40.is formed on an thype__qﬁguctivity region 58 of the _
substrate 36.- The N-type conductivity région nmay be part of a source or
drain of .an PET transistor that controls the emtter site 40. The N-type
conductivity 15 region 58 and P-type substrate 36 forma seni conductor
P/'N junction. Surrounding the emtter site 40 is a gate structure or grid
|42- 'Thfmgrl $h42_ I's l@ﬁltqar@ﬁ leéhé r@%é@eufygsbaﬁéﬁttSGﬁhg '@@'chnﬂ&a%géghibglﬁﬂ |
ayer : e insylating layer in es ap etched -openin or, the .
emtter site AGTSIEERPY ADEPEPEALEL: &Y (HELOFRARS |98 AFndEtoototkhedton
an interlevel itilmtentgdetyyer 62. The conductive lines 60 are enbedded in
an insul ating and/ or passivation |ayer- 66 and are used 25 ‘to control '
operation of ‘the grid 42 -or other circuit conmponents. A display screen 48
is aligneddwith the emtter site 40 and includes a phosphor coating 50 in
the path of 30 electrons 54 emtted by the emtter site 40. An electrical



sour cé 46 43 d directly or |nd|rectly to the en1tter
functions éi,?e'? eplaced The el-ectrical source 46 is m & ”%jﬂm
the grid 42 E play screen 48 which function a

the .

-9- Wen a L ntlal i's genenated by the sour »
emtter ‘site 40, the grid 42 and the, display screen 48, e#m;SHEEﬁHﬁéEﬁ$®
emtted at the enmitter site 40. ‘These el ectrons 54 strikp t ATEY
coating 50 5 on the display screen-48. This .produces S 6—t-h
|Ilun1nate the display screen 48.- For all of the circuit el enent s descrlbed
t hus far, fabriQI#IMSh processes that ‘are known in. t he art can-be 10 :
utilized. As..an exanple, U S. Patent No. 5;186,670 to Doan et al. _

descri bées suitable processes for: forning the substrate 36, en1tter S|te 40
and.grid 42. The suﬂetraﬂél361%NRiQN¢QFS§?QRKﬂl$E4¢Yah%%kﬁﬁtédb§§eplate, '

C|rCU|try formthe basaglate 70 of the FED. . The,siljg¢on _
emlt er 1tes and semlconductor junctlons, a method for '

: Sh'; reducing junctlon leakage from'the semlconductor junctlons,'
sald method comprlslng'
formlng a 11ght blocklng element on the baseplate'
between the--semlconductor ]unctlons and the
dlsplay ~ screen in order to _ protect lthe-
.hiowfddhlkt | Qsemlconductor juncticns from.photon bdmbardment
|  from the dlsplay screen and from an env1ronment

-of the f;eld emission dlsplay.

2. The method as recited in claim 1 and wherein the
15 light blocking _element' comprises a light absorbing

material.

3.5 The method as rec1ted in claim 1 and whereln the
"llght blocklng element comprlsesz a llght, reflectlng

20 | material.

4. The method as recited 1n clalm 1 and where1n the
llght blocklng element comprlses a 1ayer of ‘material
blanket dep951ted_over the_baseplate_of the fleld emission .

‘25 display.

5." The method as rec1ted in clalm 1 and whereln the'

: 11ght blocklng element comprlses a 1ayer of materlal



electrlcall
anple, the

subst ratm sen conduct “m“t)nt rol the operation of
e ttmmww 33 m\m\ ol he operati on o

A

previously cited U. S. Patent No. 5,210, 472“F“Ca§per-et~af-4-

drlve C|rc$

egul atisonec crrcitty,” and ,thStﬁW&@ﬁ.HA@BEEN '
ng or i'sol atingsg-he enitter si{te 40REPLAGERAN

descrlbes pairs of MOSFETs formed on a silicon substrate and connected in
series to enmitter sites. One of the series connected MOSFETs is gated by a

signal on 25
colunm i ne.

‘the row | ine. The other MOSFET is gated by a signal on the
| n depastidad @and tprttrrnedskotprotest i predetermined| axeangot

| ayer 64 is fornmed on the baseplate 70. The light 30 bl ocki ng 1 ayer 64
prevents |ight ffheémkaferddke-onnent. and |ight generated at the display
screen 48 from striking sem conductor- junctions, such as the junction
formed by the N-type conductivity region 58, on the substrate 36. A

paSS|vat|0n Iayer 72é55f(¥-e mé%ﬁ%%.%gerecqggdbhgcé a9m3§ and %ﬁereln the'

5

15

20

25

llght blocking element comprlses a layer of a conductlve

materlal depos1ted 'land patterned - to protect the |

_semlconductor junctlons and to conduct electrlcal signals

within the fleld em1ss1on dlsplay._

7. 'A.method.for forming a field.emisSion displaﬁ,

“comprising:

providing a baseplate haVing semiconductor.junctions;

forming emitter sites on the baseplate electrically
' connected to theﬁsemiconductOr.junCtions and to
"an electrical source said emitter sites aligned
" with a display screen having a phosphor coating;

- forming a conductive grid'for the.emitter sites said
conductlve grid - connected to the "source _and
separated from the baseplate by an 1nsu1at1ng
layer and 'adaptedp to establish a voltage
differential to . generate an electron emission
from the emitter Sites-and photon emission from

_ the dlsplay screen, and
forming an opaque- 11ght blocklng element on the
'_baseplate for blocklng photons directed at the
semiconductor junctions in.order to protect the

'-junctions.from_junction leakage caused by the



I-llght The I i ht bI ock| ng | Sy?a;ygf Imllmmillaglﬂmwgeggal that i s_' op'aCIll.e to

|nsulat| n additiont tchetl| ghtsblocki ng || AV SiBAEHHASREEN -
ei t-her ive or light refjgective. Suitdpl e nBERLAGED :
|nclude netals such as titani umthat tend to absorb |ight, or a hrgnly .
reflective netal such as aluminum ™ Oher suitabl'e conductive materials.
include . al uni num copper - al |l oys, refractory nmet.al s and refractory netal

silic¢ides. In 10 addition, suitable insulative materials include .
manganese oxi de, rranganesmhmmsd@nﬁr dmphroviecadnpoinage adchthe cdisphay
bllack i npregnated polym de. These insulative materials tend to absorb

light and can be deposit®@Keena rel atively thick layer. 15 For a light .
bl ocking | ayer 64 formed of netal, a deposition technique such as CVD,
sputtering or electron bean1dep05|t|on (EBD) nay be used. For a |ight

bl ocking | 64 f f h |
Dol yher™ | et o depdbl 1 i ncp el ora e BELELLA 488, L5 HE A emtoniep

haV|ng a d%S'rQQ éﬁi&&”%&? recited in claim . 7 and wherein the llght'
blocklng element is formed of a material selected from thec;
group of materlals - consisting of metal, a polymlde
impregnated. ﬁithe carbon black, manganese dioxide and
- . manganese oxide. . - '
10 | | |
9..s-A,method for_formingla field emission display,
comprising: | |
forming emitter sites on a baseplate;
forming semiconductor junctions on the baseplate with
15 o the emitter tips electrically connected to the
- semiconductor Jjunctions and to an -electrical
source; |
forming conductlve ~gate elements for the emltter 51tes_:
w1th the gate elements connected to the sourcei
| 20 _ . B B and separated from the.baseplate by an 1nsu1at1ngh
layer said gate elements adapted to establlsh a
voltage dlfferentlal to generate an electron
em1s51on from selected emitter s1tes,
'formlng an opaque llght blocklng element on the
.25 '.:' B baseplate for blocklng photons dlrected at theh

semlconductor\_.junctlons said opaque light



The |ight blocking. |ayer 64 may be Hﬂtﬂﬁﬂmﬂﬂfm to cover substantially
all-«of the baseplate 70.or it may: ,H usi ng a :
photollthography_process to protect predéteﬁn1ﬁed* areai éﬁf? N
substrate (i.e , areas occupied by-puactions). Furt ier NI Bepl g EEGEN :
bl ocki ng Iayer 64 may be constructed to 'serve ot her CIFCUtE:EHE&E_m

long as the area occupled by sem conductor junctions-is 30 substantially
protected. As an example , the light bl ocking | ayer 64 may be patterned to
function as an interlevel connector.. A process sequence for formng

emitter site 40 with 35 bﬂﬁékﬂnghﬁhﬁmﬁﬂ%lﬁ?q%ﬁﬁﬁa%4al§QQ?Hcﬂfotherla}
Formelectron emtter sites 40,as_protuberances dges, cones or

kni fe edges by maski ng anGeBPﬁﬁFﬁg PHetEFlpéﬁﬁp}Bg§?r§P§ESG 5 2.

Form n-type conduct|V|t

patterning and dopln ¥Pﬁgge &?9%%§IL%#?%ggﬂfghbéfégééé §°Q¥18§|833|0n

sharpen the enitter. S'tesd§gpﬂ§&fméékeen spaced from the baseplate and

5 : N : allgned w1th ohe or more emltter 51tes for

' rece1v1ng electrons emitted by the emltter SLtes'
to generate photons for llghtlng' the dlsplay

screen .

0 - 10. The”method'as recited'in”claimﬁéﬁana wherein;the
light blocklng element is patterned layer for protectlng"

predetermlned areas  of the baseplate.

'11. The method as recited in claim 9 and wherein the

15  light blocking element is a light absorbing material.

;2; The method as recited in claim 9 and wherein the

light blocking element is a light reflecting material. -

20




10" sui t'abl e omﬂmm aced4.  Formthe insulating Iayer 44 by the
conf-or mal depos er of silicon dioxide. O hef=Frso=atFFg
material s such ride and silicon oxynitride '5ﬂﬂ8mw£EI@bD§€EN
used. 5. Form the grld 42 - by depagition of doped pol yBEPLAGRD

foll owed by chemical nechanical . planarization (cmm» for seff atigning the
grid and emtter site 40. Such 20 = a process is detailed i'n U S. Patent

No. 5,229,331 to Rolfson et al. In place of polysilicon, other conductlve
material s such as chron1un1 nol ybdenum and ot her netals may al-so be used.
25 . 6. Phot opat t eMETHRAR BPR BREHENWENgrﬂﬂNEZION LEAEAEH i nterl evel

insulating.layer 62 on grid 42. Form contacts throu the insulating
layer 62 by photopatterning afll ELERPnEMISEION DI?BE'&YSnet_aI ~ conductive
lines 60 for grid connections and ot hgfa 5% i'try. Form passivation

| ayer 66. 35 © 0. Formthe |ight § g | ayer 64. For a |ight

bl ocki ng | ayer forrred of tltanl um or other- met'al , the light '

5 . A method for fabrlcatlng a field emlss:l.on dlsplay._
(FED) w1th 1mproved junct:.on leakage characterlstlcs 1s
prov1ded. The method includes the formatlon of a light

_ I. blocking element: between a cathodolum:l.nescent display
__ screen of the FED and semiconductor Junctlons formed on a
-_--10 - .baseplate of the FED. The llght blocking element protects o
'-the'junctions' from light formed at ‘the dlsplay- screen and
| light generated in the environment s‘tr-iking the junctions.
- Electrical c.haract'e_r.i.stics of the junctions thus remain
constant and junction leakage is iinproved.  The light

15 blocking. e'lement. may be: formed.as an opaque. 1ight absorbing .

| or light reflecting layer. In addition, the 'light'blockin'g

| element mair be patterned-to protect predetermined areas of

. the baseplate and may prov1de other 01rcu1t functions such
as an 1nterconnect layer. |

20
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bl ocki ng | ayer may be deposited 1o & thi¢gkhess of between 2000 A to 4000 A.
QO her naterials nmay be denﬁﬁsﬁﬁﬁhkamﬁ dacekness sui t able—for—t-hat

particular material. 5 “Immumﬁ ﬂpat tern and|{dTmse3HEET HES BEGRL

bl ocking | ayer 64, passivat nd insul ati fjg | ayREPGACED open
emtter and bond pad connec 1. Form pass++
i ght bl ocking |ayer 10 64...12. Form openi ngs through the passivation
| ayer 72 for the emtter S|te§ 40. 15 13. Etch the insulating |ayer .
44 to open the cavity 52 for the emtter sites 40. This may be
‘acconpl i shed usi ng. photopatterning and wet etching. ~For silicon emtter
sites 40 oxidation sharpened with a |ayer of silicon dioxide, one suitable
‘wet” etchant is diluted HF acid. 20 14. Continue processing to form spacers
and di splay. screen. Thus the |nvent|on provi des a nethod for preventing

13
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25" junction leakage in a FED utilizing a.light blocking=ekesent-foroed an
the basepl ate of the FED: It is-understood that the ﬂbﬂﬁﬂJﬂﬂﬂﬂ§$§SHéET
seQuence is nmerely exenplary and may be varied dependi ng upo %'Q § @Qﬁ
in the baseplate, emtter site and grid materials and th=-|war<8& AB,
formation:technology. Wile the nmethod of the invention
with reference to certain preferred enbodi ments, as will be apparent to
those skilled i'n the art, certain changes and 35 nodi fications can be
made Wi t hout - deprliis nin¥etidhewss apsidfwi e cHveriment asusied + hashdert he
fol | owing c-éai MsContrad8-NAN | DAETE heo Tt b iS5 Sawdd &dtisy aldly-deeddi cal '
articles arg herrdyeancldr pos péets ygeed £r EXREA BS The S@d&véﬂirﬁé’ht magdeir

entirety. 5 - certain rights in this inventicn.

0 METHOD FOR PREVENTING JUNCTION LEAKAGE
IN FIELD EMISSION DISPLAYS

5 | - This invention relates generally to field
' emission displays (FEDs) and more particularly to a method
for preventlng junctlon 1eakage in FEDs. '
Flat'panel displays'have recently been develqped for
20  visually displaying information generated by computers and
‘other électronic devices. TYpically, these displays are
lighter and utilize less power than conventional cathede
rey'tube displays._ One type of flat panel display is known
as a cold cathode field emission display (FED).
s s N - | e _ |
A cold cathode FED uses electron emissions to
illuminate a cathodolumlnescent screen and generate a
visual lmage. ‘An 1nd1v1dua1 field emission cell typlcally.
includes one or more emltter sites formed on a baseplate.
30 The baseplate typically contains the active semiconductor
devices that control electron emission from the emitter
"sites. The emitter sites may be formed directly on a
‘baseplate fotmed of a material such as silicon or on an
_ interlevel conductive' layer (e.g., polysilicon) or
35 interlevel insulatihg layer (e.g., silicon dioxide, silicon
nitride) formed on the baseplate. A gate electrode
“structure, or grld, is typlcally assoclated w1th ‘the
emitter sites. The emitter sites and ‘grid are connected to
an ‘electrical source for ~ establishing a ~ voltage



REPLACENENT SHEET REPLACEMENT SHEET - 14-

1997 dainms: 1.

form ng an opaque |i

REPIAGEMENT, SUEBT:

I thrrenn@amm E

_ Date :23 JAN

In a field em ssion-di splay having a baseplate, emtter
siites, a display screen and seni conduct or junctions formed. on the
baseplate, a nmethod for reducing junction |eakage fromffe=sem
“junctions, said nmethod conpri sing:
on the basepl ate between the sem conductor .junctions a
to prevent photons fromthe display screén and from a

field em ssion display from bonbarding the seni conductor jonctrons. 2.
The method as recited in claim1l and wherein the light blocking el ement

conprises an insulative |ight absorbing material. 3.
recited in claim1 and wherein the |ight bl ocki ng el ement conprises a

reflective netal. 4.

| i ght bl ocking el ement conprises a
cover substantially gb]

The nethod as recite

predet er mi ned areas
| ocat ed.

| ..26, _+.

of the basepl@@e .

f

The nethod as recited in claim]l

and patterned t

p.r ot ect

The net hod as

and wherein the
mat erpal blanket deposited to
- eId em ssion display. 5.
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RéPLACENENT SHEET REPLACEMENT SHEET - 15 - Date 23 JAN

1997 6. The nmethod as recited i-n cl<aim 1 and wher ei n [fReFrght=btacki] -
el’‘ement conprises a |ayer of conductive material deposit BE&hﬁCﬁMENErsmE@Tt

protect predeterm ned areas of the base*plart-e wherein thel semc rrg : i
junctions are located and to conduct electrical signals PEtRi.n-L Zﬁﬁ

-em ssion display. 7. A met hod for formngafleld em . .
‘reduced junction | eakage, said nethod conprising: -‘formng a basepl ate
havi ng- sem conductor junctions; formng emtter _sites on the baseplate

electrical ly connected t METHOD;FAR: NRING MUNGHON IRAKAR i ng an
‘opaque |ight bl ocki ng el ement on the basepl at e for_ bl ocki ng photons . '
directed at the semi conductor JI% EF‘% TR RIPEM R e junction | eakage
caused by the photons - 8. The net hod‘ﬁ; ,é{%\bﬁ[,# cating a field em ssion
‘display as recited in claim?7 and wherei % ght bl ocking element is
formed of an insul ative opaque material selected fromthe group of

materi al s consisting of a polyimde inpregnated with carbon bl ack,

L L
- (FED) with improved ]unctlon leakage characterlstlcs lS
prov:.ded. The method 1nc1udes the format:.on of a light
blocking element between a cathodoluminescent display
.scr'een of the FED and semiconductor junctions formed.on a

10 .baseplate of the FED. 'I'he light blocking element Iprotects
the junctions from light formed at the display screen and
lz.ght generated in the env.tronment strz.k:mg the Junctions.
Electrical characterlstlcs of the Juncti.ons thus remain
constant and Junctlon leakage is improved The light

15 blocklng element may be formed as an opaque llght absorbing
or light reflect:.ng layer. In add:.t:.on, the light blocking
element may .be patterned to -protect predetermined areas of

the baseplate and may prov:l.de other clrqu.t funct:.ons such

B 'as an lnterconnect layer.

20

Figure 2



ET
met hod conpri si ng: form ng emt Msepl ate; mePLéCEMENT SHE
seni conduct or junctions on the basepl ate w tﬁg&“@ emtter sites

€lectrically connected to the s ‘m‘m mrm ons; f

gate elenents for the enmitter sf\m el e

the baseplate by an insulating |ayer® arfd adapted to est Fréﬁ@éﬁ\%ﬁ??g{sﬁ?

differential to generate an electron enigsion from sel dcpgd .23 tIAN &b €S

REPLACEMENT SHEET REPLACEMENT SHEET - 16 - '

form ng a_patterned opaque |ight blocking el enent on the basepl ate for

bl ocki ngCpR&MSHs directed at the seniconductor junctions to reduce junction

| eakage therefrom and formng a display screen aligned wth one or nore

emtter sites for receiving electrons - emtted by the emtter sites. 10.

The method as recited in claim9 and wherein the |ight blocking elenment is

patterned to protect predeternined areas of the baseplate wherein the

sem cond{g¢t or [ wnfieldoemission Hmph?lehhvmgla basé) atenmnhmt gites; acdispldy isoreeh aind) 9

and wherein the light blockin enent is a t absorbing materi al .
semiconductor junctions formed on the baseplate, a mc for reducing junction leakage from

the semiconductor junctions, said method comprising:
forming an opaque light blocking element on the baseplate between the semiconductor
junctions and the display screen to prevent photons from the display screen and
from an environment of the field emission display from bombarding the

semiconductor junctions.

2. The method as recited in claim 1 and wherein the light blocking element comprises an
' insulative light absorbing material.

3. The method as recited in claim 1 and wherein the light blocking element comprises a
reflective metal. '

4."  The method as recited in claim 1 and wherein the light blocking element comprises a
layer of material blanket deposited to cover substantially all of the baseplate of the field

emission display.

5. The method as recited in claim 1 and wherein the light blocking element comprises a
layer of material deposited and patterned to protect predetermined areas of the baseplate

wherein the semiconductor junctions are located.
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baseplate wherein the semiconductor junctions are located and to conduct electrical

signals within the field emission display.

7. A method for forming a field emission display with reduced junction leakage, said
method comprising: |
forming a baseplate having semiconductor junctions;
forming emitter sites on the baseplate electrically connected to the semiconductor

junctions; and
forming an opaque light blocking element on the baseplate for blocking photons directed
at the semiconductor junctions in order to reduce junction leakage caused by the

photons.

8. The method of fabricating a field emission display as recited in claim 7 and wherein the
light blocking element is formed of an insulative opaque material selected from the group -
of materials consisting of a polyimide impregnated with carbon black, manganese dioxide

and manganese oxide.

9. A method for forming a field emission display with reduced junction leakage, said
method comprising: |
forming emitter sites on the baseplate;
forming semiconductor junctions on the baseplate with the emitter sites electrically
connected to the semiconductor junctions;
forming conductive gate elements for the emitter sites with the gate elements separated
from the baseplate by an insulating layer and adapted to establish a voltage

differential to generate an electron emission from selected emitter sites;
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forming a patterned opaque light blocking element on the baseplate for blocking photons
directed at the semiconductor junctions to reduce junction leakage therefrom; and
forming a display screen aligned with one or more emitter sites for receiving electrons

emitted by the emitter sites.
The method as recited in claim 9 and wherein the light blocking element is patterned to
protect predetermined areas of the baseplate wherein the semiconductor junctions are

located.

The method as recited in claim 9 and wherein the light blocking element is a light

- absorbing material.

The method as recited in claim 9 and wherein the light blocking element is a light
reflecting material.



