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In the past, metal-barrier-metal (MBM) point-contact diodes have been used at room temperature as coherent

detectors from microwave to optical frequencies.

For the first time, the millimeter-wave mixing and detection

characteristics of stable thin-film Ni-NiO-Ni junctions fabricated by photolithographic means will be reported.

INTROBUCTION

Millimeter-wave mixing and detection have been ob-
served for the first time using stable thin-film metal-
barrier-metal (MBM) junctions. The sensitivities ob-
tained are higher than previously reported results
using point-contact MBM devices. The diodes tested
were fabricated in a coplanar geometry on the surface
of an insulating glass substrate. Video detection
measurements at 36 GHz yielded‘open circuit sensitivi-
ties as high as 7. mV/ul. In the heterodyne detection
mode, mixer noise temperatures were typically three

times the ambient temperature (i.e. TszOOOOK), and

conversion losses were large (~20 dB) due to the sym-
metric current-voltage (I-V) relationship of the Ni-
Ni0-Ni diodes. However, initial non-optimized harmonic
mixing experiments between 36 GHz and 72 GHz sources
have lead to more promising results. 1
Because electronic tunneling times are very short
and the use of two metal electrodes minimizes series
resistance problems, MBM junctions are believed to be
capable of operating at frequencies higher than semi-
conducting or superconducting devices, In fact, point-
contact MBM diodes have been operated from microwave

to optical frequencies as detectors,2 mixers,3 and har-

monic generators.4 Thin-film coplanar MBM devices
offer a practical alternative to mechanically fragile
point-contact junctions because the thin-film diodes
1) can be produced in quantity using conventional
photolithographic techniques, 2) are mechanically rug-
ged, and 3) can ultimately be integrated into semicon-
ductor circuits. In the present work, we have chosen
to operate in the millimeter-wave region (i.e. 36 GHz)
to take advantage of well known matching techniques.

FABRICATION

The two Ni electrodes of the MBM devices were pat-
terned using standard integrated circuit photoresist
and wet chemical etch steps. Fabrication of the bar-
rier was accomplished using a simultaneous sputter-etch

Junction

areas ranged from 1 to 4 umz depending on the electrode
overlap. Figure 1 shows a scanning electron microscope
photograph of a junetion. The diodes fabricated and

tested had (zero bias) dynamic resistances ranging from

and oxidation process described by Greiner.5
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200 @ to 10 kQ, depending on junction area and oxide
thickness, Figure 2 shows the non-linear I-V charac-
teristic due to electrons tunneling through the thin
(<<100 A) oxide. Typical non-linearities were found to

be S~ 6 V'] compared to 38 V'] for an ideal Schottky
diode, where S = (5%1/5v%)/(31/5V).
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FIGURE 1. Scanning electron microscope photograph of a
Ni-Ni0-Ni junction on an insulating glass substrate
under low (a) and high magnification.(b). The upper
pattern is the first electrode and is contacted to the
waveguide antenna. Both electrodes are ~1 um thick to
reduce series resistance Tosses.
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FIGURE 2. Non-linear I-V characteristic of a 1 k
Ni-Ni0-Ni junction.

NOISE

The zero bias noise of the Ni-Ni0-Ni junctions was
found to be equal to the Johnson (i.e. thermal} noise
of a resistor of equal impedance. Under bias, the
junctions displayed a 1/f behavior up to 100 kHz, indi-
cating a high density of surface states at the metal-
oxide interface. The RMS noise current was proportion-
al to the bias current, characteristic of the 1/f noise

behavior.6

VIDEO DETECTION

The video and heterodyne detection characteristics
were measured at 36 GHz with the junction mounted in a
rectangular copper cavity of the same cross section as
the WR 28 waveguide dimensions. An adjustable stub
3/4 kg in front of the junction and a multi-section

shorting plunger behind the junction were used as tune-
able matching elements. The rectangular second elec-
trode was connected to the cavity by a tab of In, The
video signal was coupled off the circular first elec-
trode by a copper wire that acted as a waveguide anten-
na and was inserted through the top of the cavity.
Figure 3 shows the measured and calculated voltage sen-
sitivity vy of a 5.4 ko device as a function of bias.
Assuming a series resistance RS and a shunt capacitance

Cj, the theoretical sensitivity is
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where Rdyn = (BI/BV)'] and o is the fraction of avail-
able RF power coupled to the diode.

HETERODYNE DETECTION

The heterodyne detection experiments at 36 GHz in-
dicate that the symmetric I-V characteristics of the
Ni-Ni0-Ni junctions are not well suited for fundamental
mixing. Figure 4 shows the mixer noise temperature and
conversion loss as a function of bias at a Tocal oscil-
lator (LO) power of -10 dBm. The mixer noise tempera-
ture is defined as

T =P/ (kB) (2)

m

where Pn is the total noise power available from the
mixer intermediate frequency (IF) port in a bandwidth
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Band k = 1.38 + 10723 J/°%K. The mixer conversion
loss s defined as

bn = Prr / P1F (3)

where PRFis the available RF power and PIF is the

available IF power. No image rejection dgsigns were
used, so the devices operated in the double sideband
mode. At zero bias, the conversion loss is infinite
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FIGURE 3. 36 GHz video detection sensitivity as a
function of bias. The theoretical sensitivity was cal-
culated from Equation (1) using the DC I-V characteris-
tics and assuming perfect matching with no device para-
sitics.
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FIGURE 4. Mixer performance as a function of bias.

The LO power is ~10 dBm at 35.7 GHz and the signal fre-
quency is 35.75 GHz. The zero bias impedance is 4.75 k2.



because the LO drive causes the diode to conduct in
both the forward and reverse directions. The device
performance can be improved by using a bias. Figure 5
shows conversion loss and noise temperature as a func-
tion of LO drive when a 200 mV bias is used. Beyond an
LO drive of -3 dBm, the conversion loss increases be-
cause the negative swing of the LO voltage is greater
than the offset of the bias.
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FIGURE 5. Mixer performance as a function of LO power.

The zero bias impedance is 1.35 kQ and the bias is
200 mv.

HARMONIC MIXING

The double switching characteristic of the Ni-NiO-
Ni junctions can be used for harmonic mixing. Figure 6
shows that the conversion loss is a minimum at zero
bias for a 36 GHz LO and a 72 GHz signal. The symmetry
of the I-V characteristic (Figure 2) appears similar to
the anti-parallel Schottky diode pairs used for subhar-

monically pumped mixers.7 A conversion loss of 30 dB

and a mixer noise temperature of 1000°K was obtained
for an LO level of +10 dBm. A signifigant part of the
conversion 1oss was due to the fact that the cavity was
only designed for 36 GHz and was highly over-moded at
72 GHz. 1In spite of this, the performance appears com-
parable to the fundamental mixing results. This indi-
cates that with an optimized cavity design, the MBM
diodes can be exploited as subharmonically pumped mix-
ers.

CONCLUSIONS

Suggestions for improved MBM devices in terms of
various geometries, metal electrode combinations and
barrier materials will be presented. Ultimate device
performance characteristics, such as frequency response,
non-linearity and noise will be discussed in comparison
to semiconducting and superconducting junctions.

340

dB
40—+

60T

70+

— ] 180 |l Il ]

T
-600 -400 -200 O 200 400 60
Viiagr MV

FIGURE 6. Subharmonically pumped mixer conversion loss
as a function of bias voltage for a 3.75 kQ junction.
The LO power is -10 dBm at 36.46 GHz and the signal
power is -20 dBm at 72.97 GHz.
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