Y ||IIr

\,

BARRIER LOWERING AND FIELD PENETRATION AT METALDIELECTRIC
INTERFACES
C. A. Mead, E. H. Snow, and B. E. Deal

Citation: Applied Physics Letters 9, 53 (1966); doi: 10.1063/1.1754598

View online: http://dx.doi.org/10.1063/1.1754598

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/9/1?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Interface modes in nanostructured metal-dielectric metamaterials
Appl. Phys. Lett. 99, 151914 (2011); 10.1063/1.3643152

The determination of the metal-dielectric interface barrier height from the open-circuit isothermal charging
current
J. Appl. Phys. 104, 034102 (2008); 10.1063/1.2952015

Radiofrequency sheath fields above a metal-dielectric interface
J. Appl. Phys. 96, 4762 (2004); 10.1063/1.1794901

Electric fields in a sheath near a metal—dielectric interface
Appl. Phys. Lett. 85, 3393 (2004); 10.1063/1.1766075

Calculations of the barrier height and charge distribution of a metal—dielectric interface
J. Vac. Sci. Technol. A10, 775 (1992); 10.1116/1.578162

Simulation Projects

VIEW NOW >>

ﬁ////Over 600 Multiphysics

L

W\ COMSOL



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/650841474/x01/AIP-PT/COMSOL_APLArticleDL_120314/User_Presentation_Banner_1640x440.png/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=C.+A.+Mead&option1=author
http://scitation.aip.org/search?value1=E.+H.+Snow&option1=author
http://scitation.aip.org/search?value1=B.+E.+Deal&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1754598
http://scitation.aip.org/content/aip/journal/apl/9/1?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/99/15/10.1063/1.3643152?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/104/3/10.1063/1.2952015?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/104/3/10.1063/1.2952015?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/96/9/10.1063/1.1794901?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/85/16/10.1063/1.1766075?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvsta/10/4/10.1116/1.578162?ver=pdfcov

Volume 9, Number 1

APPLIED PHYSICS LETTERS

1 July 1966

whether the Brillouin frequency is pulled upwards
or downwards to the nearest mode.

Attempts to observe a beat signal when the ruby
amplifier is passive at the Brillouin frequency, but
regenerative at the peak of the R, line shape, were
generally not successful. Oscillation invariably oc-
curred in both spectral regions and prevented the
obtaining of the true Brillouin shift.

It is clear that if precise shifts are to be obtained,
either the Brillouin backscattered light must be
monitored directly along with the excitation (which
presents a difficult optical alignment problem in the
case of optical beats) or the ruby amplifier must be
made passive. Whether passive amplification was
maintained in the previous work is open to ques-
tion.M

The author acknowledges the excellent technical
assistance of K. L. Foster, and a useful conversation
with D. Caddes and C. D. Wilkinson of the Stanford
Microwave Laboratory.
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BARRIER LOWERING AND FIELD PENETRATION AT

METAL-DIELECTRIC INTERFACES

(AL-SiO,;; MOS structures; E)

We report here photoemission measurements on
Si-S10,-Al structures in which the metal-SiO,
barrier energy has been determined as a function
of the electric field strength E in the dielectric. The
expected barrier lowering is the sum of two terms:
a) the Schottky term, proportional to E'? and b)
a term due to the penetration of the electric field
into the metal electrode, proportional to E. The
experimental results are in good agreement with
the model, where the Schottky effect involves the
optical value of the dielectric constant of the oxide
and the Thomas-Fermi screening distance in the
metal is 1 A. To our knowledge this represents the
first unambiguous quantitative determination of

*Supported in part by the Office of Naval Research.
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either effect in a polar dielectric, although the
Schottky effect alone has been observed in silicon.!

Silicon used in these studies was 0.0005/-cm
n-type in the form of (111) oriented circular slices
about 20 mm in diam and lapped both sides to
250 w. The silicon slices were cleaned in both organic
and inorganic solvents and chemically polished in
a 4:10 HF:HNO; solution to 150-x thickness.
Following the polish procedure they were quenched
in concentrated HNQ;, rinsed in deionized water,
and immediately oxidized in dry oxygen at 1200°C
for 6 min. The oxide from the back of the samples
was removed with hydrofluoric acid using photo-
resist techniques. Then, before metallization, 25 A
of the top oxide surface was removed with a 10: 1
H,O: HF solution. Aluminum dots of 0.030-in.
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diam were then evaporated on the surface to a
thickness of approximately 150 A. The final oxide
thickness was 550 A as determined by low frequency
capacitance measurements.

Photocurrents in the MOS devices were measured
with a vibrating reed electrometer. The light source
was a xenon short arc lamp and a quartz prism
monochrometer. Intensity calibration was done with
a Reeder thermocouple. Although the sample re-
sponse increased at shorter wavelengths, the mono-
chrometer dispersion and lamp characteristic caused
arapid decrease in light intensity, yielding an overall
response which increased only slowly at shorter
wavelengths. This fact virtually eliminated any
problems due to scattered light. Maximum photo-
currents were of the order of 107! A, while the dark
current was less than 107" A.

The dependence of the photocurrent on photon
energy was observed to follow a cubic law above
threshold, very similar to that observed in vacuum
photoemission.? This relationship is demonstrated
in Fig. 1, where the cube root of the photocurrent
is plotted vs photon energy. These data were taken
with negative bias on the Al and correspond to
electron emission from the metal. The intercepts
on the Ahv axis correspond to the Al-SiO, barrier
energy at any particular value of applied bias. It
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Fig. 1. Cube root of photocurrent (normalized to incident

photon flux) as a function of photon energy for various negative
voltages applied to aluminum electrode.

54

is clear that the barrier energy is lowered with ap-
proximately a square root dependence upon applied
bias. In order to determine the exact form of this
dependence, however, one needs to consider the
voltage across the oxide which differs from the
applied voltage by the difference between the
metal-SiO, and Si-SiO, barrier energies.

Similar data taken with negative bias on the Si
indicate a zero field Si-SiO, barrier energy® between
4.35 and 4.4 eV, giving a built-in contact potential
of approximately 0.1 V (Al positive with respect to
Si). Band bending in the silicon will be negligible
because of the heavy doping. Using this information
the barrier energy can be plotted as a function of
electric field in the oxide, as shown in Fig. 2. The
result should be of the form*

¢=do— (4'7Tq€f‘KH

1/2
) — KAE (1)

where ¢, is the zero field Al-SiO, barrier energy;
Ky=2.1 and K; = 3.8 are the high and low frequency
dielectric constants of SiO, respectively; X\ is the
Thomas-Fermi screening distance in the metal?
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Fig. 2. Al-SiO; barrier energy as a function of the square
root of the electric field in the SiO, as determined from inter-
cepts of Fig. 1. Theoretical curve calculated from Eq. (1) using
indicated values of dielectric constants and Thomas-Fermi
shielding distance.
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and the other constants have their usual significance.
The dashed line in Fig. 2 is given by the E'? term
only. The solid curve is computed using the full
expression assuming A = 1 A, and is seen to be in
good agreement with the experimental results.
Several comments should be made concerning
these results. First, the real nature of field pene-
tration in the metal is not simply representable
as an additive term as we have assumed, since it
will also have an effect upon the image charges in
the metal and hence on the image potential itself.
Second, although the films used here are many
times thicker than those of Braunstein et alf and
Lewicki and Mead,” they show none of the peculiar
behavior of the latter. Third, the 1-A value of A
is somewhat larger than that calculated on the basis
of any of the simple models.® Any interfacial layer
or lack of perfect uniformity in the metal-SiO,
contact will produce a term linear in the field which
would be undistinguishable from a larger A in the
metal. This may be responsible for the discrepancy
in the present case. Finally, the effect of field pene-

tration would be greatly reduced by charge induced
in surface states at the metal-SiO, interface. How-
ever barrier energies of different metals on similar
Si0O, structures were measured® and found to vary
approximately as the electronegativity of the metal,
indicating the absence of any appreciable density
of surface states.
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MODE COUPLING DUE TO BACKSCATTERING IN A He-Ne

TRAVELING-WAVE RING LASER*

(mode coupling; frequency synchronization; T/E)

In a previous paper,' Lamb’s theory of an optical
maser® was applied to a traveling wave system. The
theory does not predict the experimentally observed
frequency synchronization (lock-in)* of the oppo-
sitely directed traveling waves (ODTW) in He-Ne
type ring lasers. The model of the traveling wave
laser has been extended to include a coupling
between the ODTW in the form of a mutual back-
scattering of energy from each beam into the direc-
tion of the other. In addition to predicting frequency
lock-in, backscattering provides a mechanism for
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strong mode competition between the ODTW.

For steady-state single-mode operation (one pair
of ODTW) the fields are represented by the follow-
ing vectors.

€

E, <o+ ¢ (t)

_
T2E2 < wsl =+ SOg(t) + €y

Ey < wyt + ¢o(t)

é——
nE, <wgt+ e (t) + ¢

E,, E, are the amplitudes of the fields, oscillating
at frequencies w,, w, with phases ¢,, ¢, respectively.
The model assumes a net lumped fraction r,, r; of
fields E,, E, scattered into the direction of field E,,
E, with an additional phase €, €, respectively. The
fields may be represented as in Fig. 1.4
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