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Effects of O ,, H,, and N, gases on the field emission properties
of diamond-coated microtips

S. C. Lim, R. E. Stallcup Il, I. A. Akwani, and J. M. Perez?
Department of Physics, University of North Texas, Denton, Texas 76203

(Received 6 May 1999; accepted for publication 28 June 1999

We report the effects of £ H,, and N residual gases on the field emission properties of uncoated
and diamond-coated individual Mo microtips. The microtips are made using electrochemical etching
technigues and positionedsn from the anode using a scanning tunneling microscopy system. We
observe that the field emissidRE) current and turn-on voltage of diamond-coated microtips are
significantly less degraded by,@xposure than those of uncoated Mo microtips. éxtposure
enhances the FE properties of both uncoated and diamond-coated microtips, ywdxgosure does

not have any significant effect. @999 American Institute of Physid$S0003-695(99)02734-5

Electron field emissioiFE) from cold cathodes has re- are in suspension, the solution is allowed to setth before
cently attracted considerable interest due to potential applidielectrophoresis. The seeded microtips are spot welded on a
cations in flat panel display&PD9 and vacuum electronics. Mo wire and placed in a hot-tungsten filament CVD reactor.
In order to achieve FE from the surface of a material, a venA thin diamond film is deposited for 60 min with a microtip
high electric field must be used. To enhance the electric fieltemperature of 850 °C, and pressure of 30 Torr usipguht
near the surface, the material may be sharpened into a minethane with flow rates of 200 and 1 sccm, respectively. The
crotip. Materials that are used as microtips should be able t8/ngsten filament temperature is 2200 °C. Diborane at a con-
endure extremely high electrical stresses, achieve a high agentration of 10 ppm relative to His introduced during
pect ratio, and have good thermal conductivity. As a resultgrowth to make the film conducting. The growth experiment
refractory metals such as Mo are currently used adS terminated by first shutting off the methane flow while
microtips? However, metal microtips react with residual Maintaining the microtip, filament, and,!dettings for 2 min.
gases in vacuum containers such asrésulting in an in-  Then the filament, microtip heater, and, How are turned -
crease in the work function of the surfatén addition, the ~ Off in that order. Typical diamond-coated microtip apex di-
electric field near the microtip is high enough to ionize re-2Meters are<0.2um. o
sidual gases and the resultant ion bombardment of the mi- Materials under the influence of a strong electric field
crotip eventually results in failure of the microfip. emlt electrons that tunnel Fhrough a petenual barrier accord-

Chemical vapor depositiofCVD) grown diamond has ing to the Fowler—NordheinfFN) equatior’
been reported to emit electrons at fields as low as 34 b¢%?
A low field is advantageous in reducing ion formation and | =AV? exp< BV
damage from ion bombardment. In addition, diamond is very
inert and has a high thermal conductivity. Diamond coatingVhereA andb are constantsé is the work function,V the
of Si field emission arraySFEAS® and individual Mo applied voltage,_ angs the_ _geometrl_c enhancement facto_r.
microtips,7 and diamond-like carbon coating of Mo Feas 1he FE current is a sensmve function .of the tlp—enode d|e—
have recently been reported to increase the FE current, THaNCe- Therefore, it is important to precisely position the mi-
effects of Ne, He, b and D, gases on the FE properties of cretlp with respect to the anode. We posm_on the microtip
diamond-coated Si microtips have been repottbdthis let- using a STM system that uses a p|ezoelect.r|c |nchworm mo-
ter, we report the effects of OH,, and N, on the FE prop- tor .from Burleigh Instrurnent%z, as shown |n.F|g. 1. The
erties of uncoated and diamond-coated individual Mohorlz_ontal speed of the inchworm can be adjusted frem ap-
microtips’® We observe that diamond-coated Mo microtips proximately 4 to 0.5 mm/s. The horizontal speed is calibrated

e using an interferometer consisting of a He—Ne laser and a
are significantly less affected by,@xposure than uncoated o . . .
microtips resonance cavity in which one of the mirrors is attached to

The individual Mo microtips are made from Mo wire the back of the inchworm, as shown in Fig. 1. The interfer-

S ) ) . ometer is used to calibrate the movement of the inchworm to
0.020 in. in diameter using electrochemical etching tech-

) D . S ; an accuracy of=0.02 um. Using this system, different mi-
niques similar to those used in etching tips for scanning tunE:rotips can be positioned at the same distance from the anode
neling microscopySTM). Typical etched Mo microtip apex with high accuracy
diameters are<0.05 um. To grow a diamond film on a Mo '

e ; . . ) The inchworm is housed in a vacuum system equipped
rnlcrot|p, pre—see@ng with 0.2am d|em0nd powder is car- with a quadrupole mass spectrometer at a base pressure
ried out using dielectrophoresisTo insure that only the

) ) <10 °Torr. A microtip is loaded on the inchworm and the
smaller particles of the average 0.26n diamond powder gysiem is operated in STM mode. An atomically flat highly
oriented pyrolytic graphite surface is used as the anode. The
¥Electronic mail: jperez@unt.edu microtip approaches the anode until tunneling occurs at a
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FIG. 1. Schematic of the microtip positioning system consisting of a piezo- B S
electric inchworm motor operated as a scanning tunneling microscope to 0.001 0.003 0.005 0.007 0.009
position the microtip 0.5-1.0 nm from the anode. The microtip is then 23 b 10°8f -
retracted 5.08 0.02um from the anode using an interferometer in which I = ’( ) 7510"’
one of the mirrors is attached to the back of the inchworm. The viton spacers & Kyl gro®r
are used for vibration isolation. 2 26, Hh o T
Ty ' -10
AT o}
tip-anode distance of 0.5—-1.0 nm. The microtip is then re- < o9 - B . 1072k
. . - P 40 80 120 160 200
tracted a distance of 5.6800.02um from the anode using the =~ N Y v (Volts)
. . . L PR =R
inchworm, and the STM feedback electronics are disen- § CRT H, / Diamond Coated Tip
gaged. Separate high-voltage electronics are used to measure S -33 | PR
the FE current versus voltagé~«V) curves. The microtip is L
cleaned of adsorbates in vacuum by biasing the microtip at a L, T

voltage of 500 V and FE current of10 ' A for about 24
h until the variation in the FE current is less than 1%.
Before G exposure, FH -V curves are measured at a
pressures 10~ ° Torr, as shown in Fig. 2 fo0 L exposure. In ~ FIG. 3 (a)_ Fowler—Nordheim field emission current d_ata for an u_nc_oated
Fig. 2, the FE data are plotted m(z) vs 1N to allow com- Mo microtip after exposures to H (b) FO\_NIer_—Nordhelm field emission
. . . . . . current data for a diamond-coated Mo microtip after exposures,torlhe
parison with the straight-line behavior predicted for FE byarrow indicates an increase in current below the threshold voltage for field
the FN equation. The inset in Fig. 2 shows 1€V curves emission. The inset shows the corresponding field emission current vs volt-
plotted using a log-linear scale. The small current on theage curves plotted using a log-linear scale.

order of 10 XA observed below the threshold voltage for

-36
0.005 0009 0.013 0017  0.021
1V (1NVolt)

FE is due to leakage across the connectors. To aeHidvof

-28 107 exposure, Qis introduced into the vacuum system to a pres-
& @ JOTIS sure of 2<10 " Torr and the microtip is biased at a voltage
S a0t | that produces a FE current ofx110 ° A for 5 s. After this
g L o oot exposure, the vacuum system is evacuatedstt0 ° Torr
< ?é 1o and FEI-V curves are measured, as shown in Fig. 2 for 1 L
S -32r : 100 200 300 400 500 600 of exposure. In this manner, the microtip is not exposed to
NZA -4 0,/ Uncoated Mo Tip O, during tht_al_—V curve measurement. To achieve 10 L of
T a4l exposure, @is introduced again into the vacuum system to a
- pressure of X10 ' Torr and the microtip is biased at the

i same voltage for 50 s. Then, the system is evacuated to

.36 <10 °Torr and the FH -V curves are measured, as shown

i (b) in Fig. 2 for 10 L of exposure. This procedure is repeated for
‘?-28 B 100 and 1000 L of exposure.
5 - As shown in Fig. 2a), exposure of an uncoated Mo mi-
2 -30f crotip to O, results in a decrease in the FE current, an effect
g - 0 o aw that begins to appear afté L of exposure. Significant de-
S8t v (Volts) crease in the FE current occurs after 100 L of exposure. After
g L O, / Diamond Coated Tig 1000 L of exposure, the FE current has completely disap-
T3t peared. Before exposure, the FE current is approximately 2
- L X 10 " A at 550 V. After 100 L of exposure, the FE current

‘ L ‘ L at this voltage decreases to approximatelyT0 A, a de-

-36 —
0.001 0.002 0.003 0.004 0.005 0.006 0.007

1V (1/Volt)

crease of almost four orders of magnitude. As thee®po-
sure increases from 0 to 100 L, the turn-on voltage increases
from approximately 300 to 525 V. Figurdl® shows the FE

FIG. 2 (a). FO\;\t/Ier—Nordheim field imissioln currer(]jthd_ataf_folrdan gncpated| —V curves of a diamond-coated Mo microtip after expo-
Mo microtip after exposures to O(b) Fowler—Nordheim field emission o, ro 15 @ Exposure 1 L of O, decreases the FE current
current data for a diamond-coated Mo microtip after exposures,tore 7 %

inset shows the corresponding field emission current vs voltage curves plofit 400 V from 2<10" " to 5X 10" ° A, a decrease of about a

ted using a log-linear scale. factor of 4. Subsequent exposures decrease the FE current at
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-28 the FE current at 160 V has increased fronx B ° to
P - (a) § 1x10°%A. After 1 L of exposure, an increase in current
5 | below the threshold voltage for FE is observed, indicated by
ZQ_ =30 the arrow in Fig. 8v). This type of current observed below
§( I threshold after Hexposure has been previously reported and
S 32t R ey attributed to a_hyd_rogen overlay®r. _
& L A\ V (Volts) As shown in Fig. 4a), exposure of an uncoated Mo mi-
2 | A N,/ Uncoated Mo Tip crotip o 1 L of. N, results in_an increase in the turn-on
g -34 i voltage and a slight decrease in the FE current. After subse-

- - guent exposures, very little change in the FE current near
Y A — L L maximum current is observed. As shown in Figb) expo-

0.001 0.002 0.003 0.004 0.005 0.006 0.007 sure of a diamond-coated microtip to, Nesults in less

change than that observed for an uncoated Mo microtip in

10°5F

‘%'22 wj" Fig. 4(@). We conclude that at the exposures and tip-anode
= | 2% distances used, nitrogen ion sputtering does not significantly
£ o6t (b) i}ﬁs affect the FE properties of uncoated or diamond-coated Mo
g | 1070 microtips.
f " In summary, we report that the FE properties of
L 307 AT e diamond-coated Mo microtips are significantly less degraded
T ¢ N,/ Diamond Coated Tip by O, exposure than those of uncoated Mo microtips. H
sl aii s exposure significantly increases the FE current from un-

coated and diamond-coated Mo microtips. ékposure does
not have a significant effect on the FE properties of uncoated
or diamond-coated microtips, but degrades the properties of
diamond-coated microtips less than those of uncoated mi-
FIG. 4. (a) Fowler—Nordheim field emission current data for an uncoatedcroups'

Mo microtip after exposures to N (b) Fowler—Nordheim field emission . .
current data for a diamond-coated Mo microtip after exposures,torNe This work was supported, in part, by the Texas Ad-
inset shows the corresponding current vs voltage curves plotted using ¥anced Research Program under award No. 003594053, and
log-linear scale. the National Science Foundation under award No. DMR-
9311724.
400 V to as low as ¥ 10 8 A. The turn-on voltage increases
from about 250 to 300 V. By comparison, the FE current of
o 1 .
an uncoated Mo microtip at 550 V decreases by almost fourzg- Q- gp;]”dtv Jb- |Appld ':*:%’533; 35304{/(1962-_ TechnoL®1391(1998
. . R. SChwoebel and |. brodle, J. Vac. SCI. 1echno .

orders of magnitude after 100 L of exposure, and completelys’ Gomer, Surf. Sci38, 373 (1973.
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after H EXpOS.uré Alter exposures of :.LO .a.nd 100L, the FE 8J. H. Jung, B. K. Ju, Y. H. Lee, J. Jang, and M. H. Oh, IEEE Electron
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shown in Fig. 8b), exposure of a diamond-coated Mo mi- 9J. Liu, V. V. Zhirov, W. B. Choi, G. J. Wojak, A. F. Myers, J. J. Cuomo,
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