JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY B

Electron emission from nanocrystalline diamond films
Changzhi Gu, Xin Jiang, Zengsun Jin, and Weibiao Wang

Citation: J. Vac. Sci. Technol. B 19, 962 (2001); doi: 10.1116/1.1372919

View online: http://dx.doi.org/10.1116/1.1372919

View Table of Contents: http://avspublications.org/resource/1/JVTBD9/v19/i3
Published by the AVS: Science & Technology of Materials, Interfaces, and Processing

Related Articles

Computational study of electron-irradiation effects in carbon nanomaterials on substrates
J. Vac. Sci. Technol. B 29, 06FG09 (2011)

Multitip atomic force microscope lithography system for high throughput nanopatterning
J. Vac. Sci. Technol. B 29, 06FDO03 (2011)

Fluorinated diamondlike carbon templates for high resolution nanoimprint lithography
J. Vac. Sci. Technol. B 26, 2394 (2008)

Large-scale growth of single-walled carbon nanotubes using cold-wall chemical vapor deposition
J. Vac. Sci. Technol. B 25, 1842 (2007)

Critical parameter determination of sonic flow controller diamond microtubes and micronozzles
J. Vac. Sci. Technol. B 25, 1804 (2007)

Additional information on J. Vac. Sci. Technol. B

Journal Homepage: http://avspublications.org/jvstb

Journal Information: http://avspublications.org/jvstb/about/about_the_journal

Top downloads: http://avspublications.org/jvstb/top_20 most_downloaded

Information for Authors: http://avspublications.org/jvstb/authors/information_for_contributors

ADVERTISEMENT

A DIVISION/GROUP PROGRAMS: FOCUS TOPICS:
AVS 59th Internat]o { ¢ Advanced Surface Engineering » Actinides & Rare Earths
4 Ly L ;  Applied Surface Science » Biofilms & Biofouling: Marine, Medical, Energy
Symp051um & EXthIﬁ ¢ Biomaterial Interfaces * Biointerphases
- ¢ Electronic Materials & Processing s Electron Transport at the Nanoscale
¢ Magnetic Interfaces & Nanostructures ¢ Energy Frontiers
» Manufacturing Science & Technology e Exhibitor Technology Spotlight
* MEMS & NEMS * Graphene & Related Materials

» Nanometer-Scale Science & Technology e Helium lon Microscopy
® Plasma Science & Technology » [nSitu Microscopy & Spectroscopy
s Surface Science ¢ Nanomanufacturing

2]2 248 Ogbﬁ# E e Thin Film . Oxide_Heterostruc.tures-lnterface Form & Function

@ 5 * Vacuum Technology * Scanning Probe Microscopy

0V§HYC avs.org * Spectroscopic Ellipsometry

WWW.uVS.Ol‘g ,  Transparent Conductors & Printable Electronics
S — ¢ Tribology

Downloaded 11 Oct 2012 to 159.226.100.224. Redistribution subject to AVS license or copyright; see http://avspublications.org/jvstb/about/rights_and_permissions


http://avspublications.org/jvstb?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/329691072/x01/AIP/AVS59_JVACovAd_1640x440Banner_7_9_12/AVS59_1640x440_pdf_cover_ad.jpg/7744715775302b784f4d774142526b39?x
http://avspublications.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=JVTBD9&possible1=Changzhi Gu&possible1zone=author&alias=&displayid=AVS&ver=pdfcov
http://avspublications.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=JVTBD9&possible1=Xin Jiang&possible1zone=author&alias=&displayid=AVS&ver=pdfcov
http://avspublications.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=JVTBD9&possible1=Zengsun Jin&possible1zone=author&alias=&displayid=AVS&ver=pdfcov
http://avspublications.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=JVTBD9&possible1=Weibiao Wang&possible1zone=author&alias=&displayid=AVS&ver=pdfcov
http://avspublications.org/jvstb?ver=pdfcov
http://link.aip.org/link/doi/10.1116/1.1372919?ver=pdfcov
http://avspublications.org/resource/1/JVTBD9/v19/i3?ver=pdfcov
http://www.avs.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1116/1.3662409?ver=pdfcov
http://link.aip.org/link/doi/10.1116/1.3662396?ver=pdfcov
http://link.aip.org/link/doi/10.1116/1.3013281?ver=pdfcov
http://link.aip.org/link/doi/10.1116/1.2796186?ver=pdfcov
http://link.aip.org/link/doi/10.1116/1.2790924?ver=pdfcov
http://avspublications.org/jvstb?ver=pdfcov
http://avspublications.org/jvstb/about/about_the_journal?ver=pdfcov
http://avspublications.org/jvstb/top_20_most_downloaded?ver=pdfcov
http://avspublications.org/jvstb/authors/information_for_contributors?ver=pdfcov

Electron emission from nanocrystalline diamond films

Changzhi Gu®
State Key Laboratory for Superhard Materials, Jilin University, Changchun 130023, China

Xin Jiang
Fraunhofer Institute of Thin Film and Surface Engineering, Bienroder Weg 54E,
38108 Braunschweig, Germany

Zengsun Jin
State Key Laboratory for Superhard Materials, Jilin University, Changchun 130023, China

Weibiao Wang
Changchun Institute of Physics, Chinese Academy of Sciences, Changchun 130021, China

(Received 20 September 2000; accepted 26 March)2001

The electron emission properties of nanocrystalline diamond films were described. The nanometer
structured diamond films were deposited by the microwave plasma assistance chemical vapor
deposition method via continuous™Hon bombardment. The grain size of nanocrystalline diamond
films can be modified by means of changing the energy of bombarded ions. Scanning electron
microscopy and Raman spectroscopy indicated the nanometer structure of the films. The results
suggested that low-field electron emission and high emission current can be obtained from the films
consisting of nanosized diamond grains. 2001 American Vacuum Society.
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[. INTRODUCTION tion; (3) H" ion bombardment assisted growth of diamond

Diamond can possess a negative electron affinity surfaclims at different negative dc-bias voltagéd-140 V), sub-
that allows its surface to emit electrons under low electricStrate temperature§80 °O, and total pressure@5 mbay.

field. Compared with the complicated and costly process of N€ Substrate temperature was controlled by a separate
fabricating metal or semiconductor sharp microtips to pro-hater under the substrate holder and measured by an optical
vide geometric field enhancement, diamond films can show Ryrometer. The experimental details are given in Table I.
planar electron emission property at low electric field and be The morphology of the diamond films was evaluated by
manufactured inexpensively. Although a considerable reScanning electron microscop§sEM). Micro-Raman spec-
search effort on diamond field emission has been made in tHECSCOPY was used to obtain information about the phase pu-
past few yeard? the influences of crystalline structure of rlty_of the films with various grain sizes. Field emission ex-
diamond films on emission properties are not yet completelP€riments were performed at a pressure of “IDorr.
understood. Further study is necessary using theory and ex>Puttered indium—tin—oxide glass was used as the anode.
perimental methods for developing a stable and efficient dial "e anode—cathode spacing was approximately /420

mond planar display device. In this article we reported that

strong electron emission at low applied fields is obtaineq”_ RESULTS AND DISCUSSION

from nanocrystalline diamond films.
Figure 1 shows the SEM images of the films prepared at

the bias voltages of 0:-80, and—140 V at 780 °C and 25
Il. EXPERIMENT mbar for 1,m film thickness. From Fig. 1 we can see the

A microwave plasma assistance chemical vapor deposflear changes in morphology and grain size when the bias
tion (MWPACVD) reactor equipped with a 1.5 kW generator Voltage is increased from80 to —140 V. Figure 1a) shows
and a substrate bias system was employed for diamon@n image of a film deposited @ V which displays randomly
nucleation and growth. A three-step process was used. friented diamond particles with the average grain size of
consists of{(1) in situ substrate etching in a hydrogen plasmaabout 0.3um and a relatively rough surface. A morphology
for 40 min at a temperature of 860 °C to remove the nativechange occurred first at a negative voltage-@&0 V. As the
surface oxide layer(2) Bias pretreatment for the film nucle- film became morg001] oriented[Fig. 1(b)], the average
ation at a temperature of 845°C in a 5% methane_in_grain size had a Sllght increase from 0.3 at to ﬁm The
hydrogen plasma at 20 mbar and 840 W power. Where th@étails of H ion etching to norf001]-oriented diamond par-
negative bias voltage was 150 V relative to the vacuum ticles for forming high[001]-oriented films have been de-
chamber which was electrically grounded. The nucleatiorscribed in our previous works® At bias voltages of-140 V,
density was about #8cm™2 after a 17 min nucleation dura- secondary nucleation occurs. The number density of small

grains increases significantly. The average grain size rapidly

Aauthor to whom correspondence should be addressed; electronic maigeqrea?'es to 40 nm.a{140 \4 [Fig. 1(C)] The chqnge of
czgu@mail.jlu.edu.cn grain size as a function of negative bias voltage is summa-
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Fic. 2. Grain size and growth rate of diamond films as function of the
negative substrate bias voltage.

rized in Fig. 2. In Fig. 2 the growth rate as a function of bias
voltage is also shown. From 0 t6100 V, the growth rate
keeps a constant at 100 nm/h. The growth rate increases
clearly when the bias voltage is more tharl00 V and
reaches 250 nm/h at140 V.

Micro-Raman spectroscopy was performed to obtain the

(@ phase purity of films with various grain sizes. The Raman
spectra shown in Fig. 3 were obtained with a laser spot size
on the samples of approximately2n in diameter. For the
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Fic. 1. SEM morphology of the films prepared under different substrate bias . . ) . .
voltages of:(@) 0 V, (b) —80 V, and(c) —140 V. Fic. 3. Raman spectra obtained from diamond films deposited at different

bias voltages offa) 0 V and(b) —140 V.

JVST B - Microelectronics and  Nanometer Structures

Downloaded 11 Oct 2012 to 159.226.100.224. Redistribution subject to AVS license or copyright; see http://avspublications.org/jvstb/about/rights_and_permissions



964 Gu et al.: Electron emission from nanocrystalline diamond 964

Ar 5 : The negative bias voltage was also used to etch as-grown
i : - 140V particles or fiims for obtaining a surface structure
: modification®® Under a lower substrate bias and a lower
temperature compared to the nucleation step, the energy, and
120V . number of ions is not enough to form nucleation sites and
stable nuclei, but the grain surface in the as-grown film may
be etched and form a new surface morphology and structure.
During the biased etching process, positively charged ener-
getic ions were accelerated toward the substrate, forming ion
flux along the direction vertical to the substrate. At a suitable
bias voltage(from —80 to —100 V in our experiment the
. etching efficiency of H ions on non-(001) faces is higher
Electric field (V/iim) than that of th001) face because of their higher face atom
Fic. 4. 1-V curves of diamond films deposited at different bias. density. As a result, the nor{®01-oriented nuclei will be
etched faster an@O01) faces will survive and become larger.

To (001)-textured film, it has a low boundary density and a
film deposited without biasing the substrate, a sharp peak amoother surface than those @11), (111), and randomly
1331 cm'?, the well-known phonon fingerprint of diamond oriented films, but it cannot supply more efficient emitting
was observed. A low broad signal from 1400 to 1600 ¢m microprotrusions. At a lower bias voltage compared with the
caused bysp? bonded carbon was also detected. With in-etching procesé<60 V), the etching process by atomic H is
creasing substrate bias, the diamond peak has a lower intedeminant and no obvious change on the surface morphology
sity and is shifted to a higher frequency, and the amorphousf the films occurs. The microstructured film presents con-
carbon signal increases. For a substrate bias D0 V, a  ventional emission characteristics of diamond film consisting
broad feature at 1355 cmh was found, indicating an ex- of micrometer scale and noie01) textured grains.
tremely high compressive stress formed in film. We also ob-
served a gradually increasing intensity of the broad peak giy. CONCLUSION
around 1140 cm! with increasing bias voltage. This Raman
feature has been suggested to arise from either small gram
size or disorder in a tetrahedrally bonded carbon netWdrk.

Current density (mA/cm?)

0 5 10 15 20 25 30 35

Nanocrystalline diamond films were prepared by the
WPACVD method assisted by a continuous ion bombard-
ment. During this process, ion bombardment of different en-

may be used to characterize nanocrystalline diamond film. ergies was induced by applying a negative bias voltage from
Figure 4 shows the typical current-voltage-V) curve 0 to —140 V on the substrate relative to the grounded

from the emissions of diamond films deposited at various acuum chamber. The relationshins between the film mor-
biases. To the film deposited atl40 V (grain size: 40 nmy vacuu ' : P W :

the emission current density increased rapidly at an applie@vgcr)::g{d dgi];mbS'ZSeE’I\%r;:ghn:itfo’_Sg?n;ﬁb:treaéﬁo?r']a;rml;g?
voltage of about 4 \#m and reached 3.4 mA/dmat 15 y P Y.

V/ um. To the samples deposited at Qgfain size: 0.3.m), mond films with 40 nm in grain size can be obtained-440

the emission characteristics shifted in a high voltage regionblas voltage. The micro-Raman spectroscopy confirmed the

. diamond phase, and the spectra also show that there is a
the current increased clearly at 15, and reached 2.2 broad peak at around 1140 chwhich can be used to char-
ﬁ";tcterize nanocrystalline diamond films. The influences of
grain size on surface electron emission properties were in-
that nanocrystalline diamond films are advantageous to Ob\{estig{ﬁed. The res_ults indicate that nanocrygtalline film

deposition at—140 bias voltage has characteristics of low-

taining high emission current and low emission threshold. field electron emission and high emission current, which can
Negative bias voltage was usually used during the nucIeE)e attributed to the high 9 rain boundar d’ensit of

ation stage on mirror-polished Si to obtain highly OrientEdnanocrstalline diamond fiIr?]s 9 y y

nuclei for epitaxial growth of diamond filnmfsin this study, '

the bias enhanced nucleation step is continuous at changed _ _

ters after the first nucleation step at a bias voltage ofM' W. Gets, J. C. Twichell, M. M. Efremow, K. Krohn, and T. M. Lyszc-

parame : p at a bia: AQ€ OF 1517, Appl. Phys. Leti68, 2294(1996.

—140 V. A high frequency secondary nucleation is realized. 2y. v. zhimov, G. J. Wojak, W. B. Choi, J. J. Cuomo, and J. J. Hern, J.

The coalescence and growth of the nuclei could not occur Vac. Sci. Technol. AL5, 1733(1997).

clearly. A diamond film with nanocrystalline structure can ,Y: V- Zhimov and J.J. Hem, MRS Bulb, 42 (1998.

herefore be formed. At the same time, high frequency sec- W. 3. zhang and X. Jiang, Appl. Phys. L &4, 2195(1995.

therefore be formed. . » igh requency 5C. Gu, X. Jiang, and Z. Jin, Diamond Relat. Mat@r262 (1999.

ondary nucleation also results in a high growth rate. The éw. A. Yabrough and R. Messier, Scien2d7, 688 (1990.

nanocrystalline diamond films with high grain boundary den- ;X- Jiang and C.-P. Klages, Diamond Relat. Magr1112(1993.

sity can provide more efficient emission sites and electron fgiﬁ?%g‘é" J. Zhang, M. Paul, and C.-P. Klages, Appl. Phys. G&t.

sources, which present the properties of high emission cur-sy 3 zhang, . Jiang, and C.-P. Klages, Appl. Phys. L&&, 2195

rent and low field electron emission. (1996.

increasing the applied voltage to 30am. The results show
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