









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













APPLIED PHYSICS LETTERS



VOLUME 85, NUMBER 8



23 AUGUST 2004



Field emission from a Ca nanotip grown on a MoŠ110‹ microtip Xin Zhao, R. A. Outlaw,a) R. L. Champion, J. J. Wang, D. M. Manos, and B. C. Holloway Department of Applied Science, College of William and Mary, Williamsburg, Virginia 23187-8795



(Received 12 April 2004; accepted 28 June 2004) We have observed field emission with an energy distribution of 68 meV full width at half maximum (FWHM) from a thermally cleaned Mo具110典 single tip. The emission spectra are taken with the emitting surface at 295 K, using a double-pass cylindrical mirror analyzer in ultrahigh vacuum. This narrow energy distribution is attributed to a nanotip spontaneously formed on the ⬃75 nm radius Mo tip from in situ buildup by field-induced surface diffusion. Auger electron spectroscopy showed that residual surface Ca segregated from the bulk during thermal cleaning and is likely the source of mobile atoms that formed the nanotip. The emission spectra show a discernible doublet that is attributed to a variation in the localized density of states of the nanotip. Sub-Langmuir oxygen exposure of the Mo tip immediately increased the energy distribution to a FWHM of ⬎1 eV. © 2004 American Institute of Physics. [DOI: 10.1063/1.1784515] The field-emission energy distribution (FEED) from nanotips was experimentally demonstrated by Binh et al.1,2 on W具111典 in 1992. Employing a method of high temperature and high-field strength on a conventionally etched microtip, pyramidal-shaped nanotips (nanoprotrusions) with a single atom termination were formed. The resulting FEED spectra contained two distinct peaks: one representing the microtip distribution with the leading edge midpoint at the Fermi level, E f , and the other arising from the nanotip about 2 eV below E f . The existence of nanotips, along with the associated spectra, were further demonstrated by Yu et al.3 on WC, ZrC, and HfC, and by Nagaoka4 on W具111典. The FEED of the microtips, in general, have a limiting full width at half maximum (FWHM) of 250– 300 meV and their voltage-current behavior can be characterized by the FowlerNordheim (FN) equation.5 The FEED spectra of nanotips can be quite narrow. Purcell et al.6 report a distribution with a FWHM of 64 meV at 80 K (⬃100 meV at 293 K) for a Pt microtip, and suggest that this behavior is primarily due to the width of the tunneling barrier and the localized band structure. Gautier et al.,7 using tight bonding methods, determined that the local density of states (LDOS) at the apex of the atomic pyramid is different from, and independent of, that in the metal microtip after four or more layers have formed on the apex of the microtip. To date, however, it appears that there has been no unambiguous identification of the chemical identity of nanotips. The high fields and high temperature used in the experiment by Binh et al. with W共111兲 may indicate that the nanotips were formed from the metal atoms of the microtip, although Nagaoka suggests that adsorbates may play a significant roll in the nanotip formation. Yu et al.3 reported room-temperature formation of nanotips with modest electric fields 共艋100 V / m兲 and currents (a few A) after acetylene processing at 1 ⫻ 10−6 Torr, which suggests the formation of carbon nanotips. In this letter, we report room-temperature Ca nanotip formation on a Mo具110典-oriented microtip after several I–V–cycles. The FEED of the Ca nanotip was found to be very narrow (FWHM= 68 meV at 295 K) and stable. a)
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The Mo 具110典-oriented tip (2-mm-long, 125-  m-diam rods, tip radius r ⬃ 75 nm, acquired from Applied Physics Technologies) was spot-welded on a hairpin heater and attached to a small header. The tip assembly was mounted in a diode configuration ⬃200  m from a Ni grid. The microtip diode configuration was oriented 42° with respect to the double-pass cylindrical mirror analyzer (DPCMA) axis for maximum sensitivity. The analysis was performed with a multifunctional surface analysis system capable of angle-resolved Auger electron spectroscopy (AES), angle-resolved x-ray photoelectron spectroscopy (XPS), and FEED. The base pressure in the system was 5 ⫻ 10−11 Torr. The system is equipped with a Physical Electronics 15-255 GAR DPCMA with a resolution of 30 meV. An ancillary AES experiment was conducted with a cylindrical bundle of 15 Mo rods (from which microtips are made) to examine surface compositional changes as a function of temperature. The bundle was heated to 1000° C in situ by Joule heating and the surface monitored by AES. The AES concentration ratios are shown in Fig. 1. The single microtip used in the experiments was also analyzed by AES after heating to ⬃400° C for 1 s. The electron beam of the AES is larger than the diameter of the microtip 共⬃150 nm兲, but it can resolve the conical shape of the etched



FIG. 1. AES of Mo具110典 tip at various temperatures.
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FIG. 2. FE I–V curves before and after buildup.



portion of the Mo near the tip end. After carbon disappeared from the AES spectra at T ⬃ 400° C, Ca (an interstitial impurity in the Mo rods) segregated to the surface and reached a maximum surface concentration at 500° C and rapidly declined to ⬃1.5% of the maximum concentration at T ⬃ 1400° C, presumably by thermal desorption (calcium vapor pressure is ⬃10−3 Torr at 500° C). Oxygen was also detected, and found to increase and decrease in concert with the Ca. Previous studies by Colaianni et al.,8 and studies in this laboratory, have shown that oxygen can normally be removed from Mo in UHV by heating to ⬃900° C, initially by CO desorption and then by incorporation. However, in this case, the presence of surface Ca and the very high bonding energy of CaO would inhibit incorporation into the bulk. No other surface species were detected. Figure 2 illustrates an I–V plot of the Mo microtip emission current when the voltage is ramped from 0 to 2500 V. Initially, the emission current was very small, but after five cycles, a spontaneous rise in the current was observed when the emission current changed abruptly from a few nA to 1.4  A. Nanotip formation has been previously observed to form in a similar manner, viz., quite rapid and sudden.1,3,4 Subsequent I–V cycles were found to be reproducible, even after five days at ⬃5 ⫻ 10−11 Torr. Figure 3 shows the full kinetic-energy spectra of the electrons emitted from the Mo具110典 microtip using the XPS mode. The extraction volt-



FIG. 4. FEED of nanotip, survey in XPS mode, XPS aperture. Pass energy= 46 eV, Vcathode = 1551 V. The inset is acquired with the AES aperture of DPCMA.



age was about 1.5 kV. The peak at 200 eV is from secondary electrons generated from the primaries striking the grids of the diode cell and the energy analyzer. The background from 200 eV to near 1550 eV arises from inelastically scattered primaries. Full kinetic-energy spectra using AES mode demonstrated that the primary field-emission peak has an intensity factor of 520 greater than that of the secondary electron peak. Figure 4 shows the FEED of the nanotip; The FWHM corrected for DPCMA broadening is 68 meV.9 As shown in Fig. 2, the buildup of the nanotip was almost instantaneous, and since it was formed at 295 K and at a voltage of 2500 V 共E ⬃ 12 V /  m兲, it is unlikely to be formed from Mo atoms. Field strengths used by Binh et al. and Nagaoka exceed those of the present study by several orders of magnitude, so it is far more probable that the nanotip observed in this work was formed from the Ca contaminant on the tip surface. The data acquired with the smaller diameter AES aperture of DPCMA in Fig. 4 inset shows a slight, but very repeatable, split in the FEED. This splitting could not be resolved further, as it is beyond the resolution of the DPCMA. It may represent a disordered Ca pyramid or oxygen impurities within the nanotip structure. Upon exposing the tip to less than 0.3 L of oxygen, the nanotip FEED immediately broadened to a FWHM of ⬎1 eV, characteristic of the microtip. The high reactivity of the Ca to oxygen is likely to have immediately altered the nanotip structure. In summary, we have shown the spontaneous formation of a nanotip on a Mo具110典 microtip during I–V ramping. AES as a function of temperature has shown the segregation of Ca to the Mo tip. Residual Ca detected after cleaning the tip at 1400° C strongly suggests that the composition of the nanotip was, indeed, calcium. The nanotip FEED was stable, repeatable, and very narrow 共FWHM= 68 meV兲. Peak splitting, although not fully resolved, suggests disorder or impurities in the pyramidal structure. This research was supported by the Office of Naval Research Grant No. N00014-03-1-0605 1
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