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Study on Low-Work-Function Materials and Processess for Field
Emission Devices
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Abstract:

Field emission display (FED) has recently
attracted more attention because of their superior
perfamance and rapidprogress. The key point of
field emission display is the falrication of low-voltage
operated andhighly reliable cold cathode. These
requirements can be implemented using lower wak
fimdion andhighly reliable emitter materials. Hence,
diamond has been considered as the most appropriate
and promising emitter material for field emission
devices due to the presence of anegative electron
affinity (NEA) provided by diamond {111} or {100}
planes , and simultaneously has the most stable
physical and chemical properties. In order to finther
enhance the bw-voltage field emission capability and
stability of field emitter aivays, various diamond and
diamond-like films have been synthesized and coated
on the sharp Si tips wing micowave phsma chemical
vapa depostion (MPCVD) to nvestigae the field
emission chaacteristics. Comrelation of diamond films
deposited vmder various flow rae ratio of CH,/CO, is
also studied to optimize the deposition conditions.
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INTRODUCTION

Althoughmicrosized field emitter arrays (FEAs)
fabric ated with advanced micromachining technology
has been mtersively pogressed as the promising
electron sowrces for vacum micoelectronic devices,
there has still been no ““quperior’’material discovered
desirable for swh emittars. in ader to achieve bw
voltage and high efficiency for cokl cathode operatian,
the surfice work fimction of a field emitter should be
made a small as possible. In addition, emission
stability is also a very importart issue in practical
applications. However, the drawbacks of high wak
fimction, low electron canductivity, and poor stability
for pracical application of the Simicrotip emiters
are needed to be improved. Recently, there has been
a Incaeasing interest I the #plication of CVD
diamond films as the material of ele ctron emitters or
cold cathodes cdue to the unique electronical prop erties
of diamond, far example, the so-called ‘“negative
electron affinity”” (NEA) on the hydrogenterminated
{111} planes [1], the outstanding chemical mertness
and stability as well as the highest themmal
conductivity[2]. Fabricaion of low-field diamand
field emitter airays has ako been dtemped B]- [5], and
a diode-structuwed prototype field emission disphy
based on a diamond-like catbon has Tbeen
demonstrated [6].

O study poirted out that a vmifam
polycaystalline diamond films coated on Si tips by
microwave plasma chemical vapor deposition
(MPCVD) exhibited better emission chaacteristics
than those coated on plain Si substrate.

EXPERIMENTAL

An 1- ymAhick oxide layer was themmally



grovm and was then photo-lithographically pattemed
to b arrays of S0x50 cicular discs 3 ym m
diameter. The pattans of photoresikt were then
transferred ito vmdelying oxide using dry etching.
Employing the previously pattaned oxide layer as the
madgk, coneshaped Si microtip arays were
subsequently formed wusing SF/Cl, reactive ion
etching. An oxidation-and-stripping process was used
to fother sharpen the etched tip. The as-fabricated
shaply curved Simiaotip surfaces were first cleaned
employing H plasma pretreament and carbon films
were then deposited on the Si tips by microwave
plagma chemical vapar deposiion with CH,-CO, gas
mistures. Cabon films i different phases wwere
obtaned by varying the flow rate ratios of CH/CO;
from 18/30 to 40/30. The miciowave power was set at
450 W, and the reaction time was 2 h at 850 °C. The
chanmber pressure was Kept 4 25 Tar. In order to
grow continwous diamond films, same Si substrates
were scratched using diamond powders (particle size,
0.1 pym) befare the deposition process exception for
deposition canditions vmder CH,/CO, gas mixtires of
30/30 and 40/30. The experimental conditions are
listed in Table I.

RESULTS and DISCUSSION

The siicon miaotips wih tip radius about 200
R vere used to be a coating precursor. Figwres. 1
(@) @) exhibit the suface morphologies of carbon
filns coated Si microtips with the deposition
conditions A-E listed in Table I. It can be seen that the
higher flow rate ratios of CH,/C 0, , the smaller grains
and the smoother swface morphologies of carbon
films are deposited. Exceptionfor Sitips coatedumder
condition A, other ones that coated under conditions
B-E exhibit proper deposition vmiformity, as can be
seen from Figs. 1. Moreover, the deposition rate
nceas es with the inaeasing CH, concentration in the
CH,CO, mixture.

Scanned Auger electron micros copy (SAM) was
used to confim which phases were Himed an the
surfice of the carbonrclad Si emitters. The obtamed
Augpr electran spectra (AES) are shovn m Figs. 2.
These result indicate that there are less probability m
foommg SiC and Si0, at the surfice of these
carbon-clad emitters. Furthenmore, the AES spectra
comresponding to the gpecimens in Figs. 1 (a)-1 @) are
also shown i Fig 2.The low-energy shoulder around
258260 eV (peak a) and 248~250 eV (peak b)
existed m spectra of tips coded with carbon films
under conditions A axd B indicated that the snface
stwctiwe were polyaystalline diamond rather than
graphitic or anorphows carbon [7]-[8]. However, AES
spedra of sample deposited under condition C and D
exhibits only a smallpeak a implying a diamandlike

cabon nature cantaining a large amount of graphitic,
amorphous cartban and/or other defects. Mareover, the
spectra of sample deposied unde condition E exhiit
no obvious peaks a, which suggest their graphitelice
or amorphous cabon natures.

Field emission properties of the diamond-clad
samples were charaderized @ high-vacum
envirorment with a base pressure of about 2x107 Tom.
The spacing between a unit emitter aray and the
graphite collectar was cantrolled at a cormstant ~ 30
um and a unit aray cortains 50x50 tips. Six sets of
emissian curent versus applied voltage (le-VA)
characteristic cuves, from five amrays of carbon-chd
Si tips inder vadious deposition conditions A-E and
one uc-SiC-clad Si tps, are shown i Fig. 3.
Moreover, it canbe seen from Figs.3 that the emission
curents of 42, 45, 460, 1175, 728 and 8 uA wae
observed when the voltage Va of 1100 V was applied
on the carbon-clad tip arays deposited with gas
mixtare of 1830, 205/30, 22/30, 30/30, 40/30
(conditions A-E) and the 500 R-thick ue-SiC-clad tip
aray, mspe ctively. The tom-on wvoltages V), defined
as those for which the emission anrent Ie reaches 1
uA  for catbon-clad tips H1med under conditions D, C,
E, A, B and uc-SiC-clad tips are about 580 V, 680V,
728 V,757 V, 769 V and 843 V,respectively. The best
emissian  capability was then obsewed fran
catbon-clad sanyples coated with gas mixture of 3030,
followed by 22/30, 40/30, 20.5/30 and 18/30. All the
catbon-clad Sitip arays exhibit much superior IV
performance to wc-SiC-clad one. This result suggests
that the field emission mechanism of silicon carbide is
very different fom the carbon-based maerials and
exhibits a lower emission capabiliy.

It is clear that the flow rate ratio of CH,/CO,
plays a very significant effect an emission curert,
since the reactive gases mixture ¥ the most dominant
factor on detemmining catbon phases dwoing CVD
deposition. Amorphizatian and defects of deposited
cabon films were increased with  higher
concentrations i CO, plasmas @ e. higher CH,/CO,
ratios), in accardance of SEM images and AES
spectra mentioned above. Besides, Ie is also rapidly
increased with ncreasing CH,/CO, ratio when 20/30
< CH,/CO, mtio < 30/30. Since the better
characteristics were achieved from samples deposited
wunder higher CH,/CO, ratios & 22/30, 30/30), it
seems to reveal that the diamondlike carbans
containing higher defects and/or graphitic mclusians
perform much better electron amission cap abiliy
compared to polycystalline diamonds. It is believed
that defect densities will mcrease the energy stae
densities within the band gap of the diamond film and
subsequently caise a higher canductivity and/or a
lower work fimction i diamondlike catbon. [9]. If
these bands are wide enough or closely spaced, the



elecron within the band(s) a excitaion from the
valence band could easily provide a steady flow of
eledrons to the swrface or surface staes to sustain
stable emission of electrons ito vacumm [10]. On the
othe hand, higher proportion of conductive graphite
mnclisions also contdbute more emission eledrons
and/or enhanced conductivity along grain boundaries
[3]. Both phenomena suggest that electron emission
can  be significantly enhanced by applying
diamondlike carbon stead of the polyaystalline
diamond.

CONCLUSIONS

Ih stmmmary, wiform and contimous dianond
and other cabon fils have been successfully coated
on Si miaotips using the MPCVD technology.
According to SEM, AES and TEM examinaions,
various cabon-based swface coating materials
mchiding polyaystallne diamond, diamandlike
carbon (DL C), and graphitielike cartbonwere achieved.
The charactaistics of emission cunrent agamst applied
voltage for the bhmt indoped diamond-clad tips show
supeior emission at lower field to those of both
Cr-dad and pwe Si micotips. Such great
improvement of the amission properties should be at
least partially attributed to the lowering of the wwork
fimdion due to the negative electron affinity of the
hydrogen teminated (111) and (100) dianond
surfices and/or the much lager effective emission
are a of the diamond coating. & is concluded that the
interaction effe cts of the defect induced surface states,
conductive gaphitic impurities and embedded fine
diamond paticles are respornsible for the enhanced
eledron emission
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Samples shown in F igs. 1 (a)-(e)

Conditions A i C D E

[CHy (scem) 18 205 22 30 40

UCO|= 30 scom; micrewave power= 450 W
pressurer 25 Torr; deposition temperature = 850 °C,
reuction ime =2 hr.

Table I Experimental canditions” for diamond-based
films depositian using MPCVD



Fig.

©
1 ()@) exhibit the comresponding suface
momphologies of diamond-based films coated Si
miaotips with the deposition conditions CH4/C02
flow ratio(a)18/30 (b)X20.5/30 (c) 22/30 (d) 30/30 (e)
40/40
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Fig. 2 The AES spectra with respect to the
specimens m Fig.1. The low-enegy
shoulders aroumd 258~260 eV (peak a)
and 248~250 eV (peak b) are indicated
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Fig 3 Six sets of emission cunrent versus
applied voltage (Te-Va) characteristic
cmves, from five  arrays of
diamond-based Si tips umder wvarios
deposiion condition n Fig 1 andone
c-SiC<lad Sitps



