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On the Effect of IF Power Nulls in Schottky Diode
Harmonic Mixers

Roland Feinäugle, Heinz-Wilhelm Hübers, Hans Peter Röser, and Jeffrey L. Hesler, Member, IEEE

Abstract—Experimental results reveal the existence of a null
in the IF output power for certain bias voltage levels in single
Schottky diode harmonic mixers at terahertz frequencies. This
dramatic loss of IF power is due to a drastic increase of conversion
loss and is governed by intrinsic diode parameters, as well as
external parameters. For a second harmonic mixer, this is due to a
competition of two mixing paths, one is the mixing of the RF with
the doubled local oscillator (LO) frequency and the other a mixing
of the RF with the LO to an LO sideband followed by a second
mixing with the LO, both leading to the IF. In this paper, we
present a systematic investigation, as well as some basic relations
between these parameters and the depth and voltage levels where
the conversion loss increases. Good agreement is obtained between
a simple analysis and the experimental data on second and fourth
harmonic mixers.

Index Terms—Harmonic mixer, Schottky diode, small-signal
analysis, terahertz.

I. INTRODUCTION

SCHOTTKY diodes have been used as mixers in a vast va-
riety of applications for many years now, in large part due

to their well-known nonlinear current/voltage (I-V) characteris-
tics. Amongst others, they work as low-noise mixers in hetero-
dyne receivers at frequencies up to 5 THz. Such highly sensi-
tive receivers are used in areas such as radio astronomy, remote
sensing of the atmosphere, and for plasma diagnostics [1].

The performance of the Schottky diode is a crucial factor in
the determination of the sensitivity of a heterodyne receiver.
Thus, understanding the physical and electrical behavior of the
Schottky diode is crucial for implementing high-performance
heterodyne receivers.

Besides a wide range of applications, Schottky diodes are
also of interest for fundamental research. In order to operate at
terahertz frequencies, the Schottky diode anode diameter needs
to be in the submicrometer range. This implies the diode zero
voltage capacitance is in the several femtofarad range. On the
other hand, epitaxial doping densities of up to 10cm are
needed in order to keep the parasitic diode series resistance low
and, together with the capacitance, raise the cutoff frequency to
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Fig. 1. Calculation of normalized IF power versus bias voltage for a typical
diode. The upper curve shows a fundamental mixer pumped at an LO frequency
of 693 GHz. When the same diode is operated as a second harmonic mixer,
the calculated IF power shows a significant null at a certain bias voltage (lower
curve). In both cases, the junction capacitance has been neglected.

several terahertz. In general, these mesoscopic structures with
depletion layer thicknesses below the electron’s mean free path
are suspected to have an influence on the conduction mechanism
of submicrometer Schottky diodes [2], [3].

Another interesting effect connected with submicrometer
GaAs Schottky diodes, which, in turn, is the main focus of this
paper, has been reported repeatedly by several authors [4]–[7].
Large decrease of IF power when varying the dc-bias voltage
has been observed for Schottky diodes operated as mixers
under certain mixing conditions. A similar phenomenon has
been observed for tungsten–nickel point contact diodes [8]. Al-
though this effect has been known for some time, only recently
has a theoretical explanation been given [7], [9]. Nevertheless,
a comparison of measured data with theoretical predictions
needs to be carried out. Therefore, we present a detailed study
of submicrometer GaAs Schottky diodes under fundamental, as
well as harmonic, mixing conditions at terahertz frequencies.

Considering the case of a fundamental mixer—a mixer where
the local oscillator (LO) frequency is of the order of the
signal frequency —it is well understood that successively
increasing the dc-bias voltage or the dc-bias current, respec-
tively, results in an IF power output with one broad maximum
(Fig. 1, upper curve).

In contrast, it has been observed that, under similar bias con-
ditions, the same diode reveals a significant loss of IF power
Fig. 1 (lower curve) when operated in a harmonic mixer mode
at terahertz frequencies [4]–[7]. In the case of a single-diode
second harmonic mixer, where the LO frequency is close to
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Fig. 2. Measured IF power curves versus bias voltage for real diodes whose
diode parameters can be found in Table I. When driven as second harmonic
mixers, all the diodes show a minimum of IF power, but at different bias voltages
and with different depths.

one-half of the RF, a minimum in the IF power can be observed
at different points and with different depths depending on the
parameters of the investigated diode (Fig. 2).

This sharp loss of IF power can be explained by a small-signal
analysis by taking into account different mixing paths for the
conversion of power from the signal frequency to the IF [7], [9].
For a second harmonic mixer, the two competing mixing paths
are the mixing of the RF with the doubled LO frequency and a
mixing of the RF with the LO to an LO sideband (SB) followed
by a second mixing with the LO, both leading to the IF.

Following a phenomenological introduction in Section II-A,
this IF loss mechanism for second harmonic mixers is analyzed
in Section II-B. Using this approach, it is now possible to in-
vestigate the diode and measurement parameters, which impact
the depth and the bias voltage where this IF power null occurs.
In Section II-C, we analyze the influence of the diode barrier
capacitance. Higher ( ) harmonic mixers are treated in Sec-
tion II-D, whereas in Section II-E, the bias voltage at the IF
power null is covered. In Section III-A, we explain the exper-
imental setup. Comparison of measured and calculated curves
is, therefore, possible for the first time and will be presented in
Section III-B. Measurements for higher order harmonic mixers
and for the voltage of the IF power null are presented in Sections
III-C and III-D , respectively.

II. THEORY

A. Small-Signal Analysis

It has been shown recently [7], [9] that, for a single-diode
second harmonic mixer, cancellation of IF power can occur due
to competition between different mixing paths. Following the
notation of [10], the second harmonic mixer can be described
using the admittance matrix , which connects the small-signal
voltages and currents at the different SB frequencies

(1)

with and LO frequency and IF, respectively. For a
second harmonic mixer with an exciting RF at the second upper
sideband (USB) of the LO frequency ( ) and with all

the lower SBs ( ), as well as SBs higher than the second
( ) shorted out, the augmented matrix can be written
as

(2)

The augmented matrix is an admittance matrix, where the
embedding impedance, as well as the diode series resistance
of each port, have been included in the network. Unlike a fun-
damental mixer, there are noexternalcurrents at the LO SBs
( ), hence, equals zero. Thus, the matrix (2) can be re-
duced to a 2 2 matrix, where has been eliminated, but the
solution still depends on the admittances at these frequencies.
This represents a two-port network with the two ports corre-
sponding to the RF and IF, respectively,

(3)

The elements of the reduced augmented matrixare of the
form

(4)

where represents the “standard” mixing path for power con-
verted from the RF by mixing with the second harmonic of the
LO. The second term in (4) represents another mixing path from
the RF to the LO USB frequency and from there down to the
IF. It can be seen from (4) that two competing mixing paths exist
in a second harmonic mixer. If the paths possess the same ad-
mittance, the overall conversion efficiency will be zero. This is
the result of [7] and [9].

If we insert typical diode data into (3) and apply standard har-
monic-balance techniques [11] in order to derive small-signal
voltages, currents, as well as mixer conversion losses, we can
compute and see the decrease of conversion efficiency for cer-
tain bias conditions [9]. This method gives results with sufficient
accuracy for mixer design purposes. On the other hand, by ap-
plying the numeric computations at this point, one loses insight
into some important parameters governing or, at least, influ-
encing the behavior of both fundamental and harmonic mixers.
It is, therefore, helpful to carry further the analytical calcula-
tions, knowing that, at certain points, simplifications have to be
made in order to keep the formalism manageable. One approxi-
mation results from the fact that, with an analytic approach, only
a limited number of USBs and lower SBs can be taken into ac-
count. A further simplification is the use of approximate capac-
itance/voltage curves for the diode and the fact that, at terahertz
frequencies, the embedding impedances cannot be determined
experimentally.

B. Extended Analysis

The mixer conversion loss for the case of second harmonic
down conversion can be taken from [10]

(5)
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with and the embedding impedances at the RF and IF
and and the series resistances at these frequencies.
represents the impedance matrix element connecting the current
at the exciting RF with the small-signal voltage at the IF, as
shown in (6), at the bottom of this page. It can be calculated by
inverting (3) and taking into account the following relationship:

with (7)

the impedance matrix being the inverse of the admittance ma-
trix . can be evaluated using

(8)

with and being the Fourier coefficients of the conduc-
tance and the capacitance of the form

(9)

and

(10)

Thereby, the parameters appearing in the diode’s conductance

(11)

can be derived from the diode’sI-V characteristic, which, in
turn, can be measured (see Section III-A).

Assuming the diode’sC-V characteristic is known, one can
calculate the IF power of a mixer directly by applying this
formalism without additional numeric means. This has been
done for some typical submicrometer GaAs Schottky diodes,
as shown in Fig. 1. In order not to obscure the effect of the IF
power null, the zero-bias capacitance is set to zero. As men-
tioned earlier, one can see that the normalized IF power shows
a significant dip at a certain bias voltage for a second harmonic
mixer, whereas this behavior is not present for a fundamental
mixer with the same diode parameters. This phenomenon is
also seen in experimental investigations of harmonic mixers
(Fig. 2).

In contrast to a harmonic-balance analysis, by evaluating the
analytical equations it is possible to get more insight into the
mixer behavior. Nevertheless, for this approach, some approx-
imations and assumptions must be made, which may lead to
slightly inaccurate results. The errors being introduced do not
seem to be large, however, when the analysis is compared with
measured curves.

Fig. 3. Calculated diode impedance and admittance as a function of bias
voltage. Two different components of the admittance matrix element of a
second harmonic mixer corresponding to two different mixing paths (see text)
have been plotted. At a certain bias voltage, they have the same magnitude, thus,
the overall admittance matrixY element and the corresponding impedance
matrix elementZ are zero at this voltage. The barrier capacitance has been
neglected.

Looking at Fig. 3 gives evidence to the stated suggestion that
the competition of different mixing paths leads to the decrease
of IF power. Here, the competing admittances have been plotted
separately versus bias voltage for the two different mixing paths
present in a second harmonic mixer. There exists a bias voltage
where both admittances have the same magnitude and, hence,
cancel. This leads to an overall admittance null and, thus, to
a null of the diode’s impedance matrix element at exactly that
bias voltage. Taking the absolute value of the impedance ma-
trix element squared and plotting it logarithmically versus bias
voltage yields a deep null in IF power (Fig. 4). The reason for
not yielding negative infinite values of the IF power is due to the
discrete step width of the calculated curve.

This principle of a single null in IF power for a second har-
monic mixer is not an artifact of neglecting the higher harmonic
SBs resulting in a truncated matrix in (2). This can be shown by
numeric harmonic-balance simulations, which take into account
several higher harmonics (not presented here). This can also be
seen from Fig. 5 where the initial equation system (2) has been
expanded by including the LO lower SB. Even though a slight
modification of the calculated curve occurs, the occurrence of
the conversion loss null is not affected. For a second harmonic
mixer with an extended admittance matrix, still only a single IF
power null is present. The same conclusion can be drawn using
the rule-of-thumb given in [12], which implies that the order of
magnitude for a given mixing product is , where indicates
the mixing of a signal with and is the conversion gain
from to . Applying this to (4) shows that the two
mixing paths are of the same order of magnitude with .
Expanding (2) for the inclusion of the lower LO SB still yields

(6)
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Fig. 4. Impedance and conversion loss as a function of bias voltage. When the
barrier capacitance is neglected, the real part of the impedance matrix element
is zero at a certain bias voltage, whereas the imaginary part is zero for all bias
voltages. Calculating the (normalized) IF power according to (5), therefore,
results in a deep null in IF power at this bias voltage level.

Fig. 5. Calculated IF power as a function of bias voltage for two
approximations. The theoretically determined IF power changes only slightly
by incorporating another SB (in this case, the LO lower SB) into the model for
a second harmonic mixer.

two contributions with and all the other products yielding
.

C. Including the Diode Barrier Capacitance

Up to now, the time-varying capacitive conductance has been
neglected in the analysis. Now, the effect of this capacitive
variation will be considered. Typically, a dependence of the
diode barrier capacitance on the barrier voltage of

is assumed [10]. Here, represents the
diode’s diffusion potential. This approach yields reasonable
results for small bias voltages, where the barrier is far from
the flat-band condition. For forward-bias voltages near the
flat-band condition, this equation gives unphysically high
barrier capacitances and approaches infinite capacitances at the
flat-band voltage.

To avoid this condition, one can use an approach where the
common approximation of constant space charge in the deple-
tion area with an abrupt drop of this space charge at the boundary
has been given up [13]. More detailed analysis of the (majority)

charge carrier distribution leads to a refined electrical field dis-
tribution in the depletion zone and its borders. This yields a
modified capacitance/voltage relationship having a finite and,
thus, more realistic capacitance under flat-band conditions [7]

(12)

where is the anode area, is the dielectric constant, is
the vacuum dielectric permittivity, and is the doping density
of the epitaxial layer. In order to utilize this refined, but rather
complicated, capacitance equation, a numerical fit has been car-
ried out with the following equation:

(13)

Here, is the zero-bias capacitance andand are free
parameters to fit this equation to the refined capacitance (12).
With and having values of 3.3 and 9, respectively, (13)
yields a reasonably good approximation of the refined capaci-
tance model, as well as of the classical capacitance.

Using (13), it is now possible to take into account the effects
of capacitive mixing for a harmonic mixer through (8). If the ad-
mittance matrix element and normalized IF power are calculated
with the same diode parameters as in Fig. 4, but introducing a
zero-voltage capacitance of 0.1 fF, the following behavior can
be observed.

Looking at the real and imaginary parts of the impedance
matrix elements, it can be seen that, by introducing a capaci-
tive admittance, the impedance matrix element becomes com-
plex. The absolute value of the impedance matrix element is no
longer zero at the IF power null and, therefore, the null itself is
not as deep as without capacitive elements (Fig. 4). The reason
for this behavior can be found by looking at (8). By performing
the Fourier transformation, it can be shown analytically that the
Fourier components of the conductance and the capacitance

are either real or imaginary for the same SB index. Since
they are connected by the complex number, the overall admit-
tance matrix element and, thus, the impedance matrix element,
is complex whenever and are present at the same time.
The absolute value of the complex impedance matrix element,
on the other hand, is zero only if the real part, as well the imag-
inary part, become zero for the same bias voltage. This is no
longer the case, as can be seen in Fig. 6. The addition of the
capacitance still results in a minimum of the impedance matrix
element, but the IF power null is not as deep. The effect explains
the deep nulls in IF power at terahertz frequencies can only be
measured with diodes having small zero-voltage capacitance.
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Fig. 6. Impedance and conversion loss as a function of bias voltage. Taking
the same diode and measurement parameters as in Fig. 4, but introducing a
zero-voltage capacitance of 0.1 fF, results in shallower IF power nulls. This is
due to the fact that the impedance matrix element is not purely real anymore, but
has an imaginary component. Both the real and imaginary components are not
zero at the same bias voltage, thus, the absolute value of the impedance matrix
element does not reach zero.

D. Higher Order Harmonic Mixers

In evaluating a third harmonic mixer—a mixer where the LO
frequency is one-third of the signal frequency—one can ex-
ploit the following expression:

(14)

Here, the augmented matrix has been expanded to 44 to
incorporate the third USB ( ). Following the same
method used for a second harmonic mixer, theexternalcurrents
at the LO SB, as well as the second SB, can again be set to zero
and (14) can be simplified by eliminating and as follows:

(15)

This results in an admittance matrix element of the form

(16)

which connects the excitation current at the third harmonic SB
with the IF voltage. Rearranging (16) now yields six different
mixing paths. At first sight, one would assume that the exis-
tence of a variety of mixing paths would lead to several IF power
minima. Nevertheless, evaluating (15) in the same manner as
for a second harmonic mixer reveals the existence of only two
minima. This can be seen in Fig. 7, where the IF power for a third
harmonic mixer has been calculated for some typical diode pa-
rameters with and without diode capacitance and complex em-
bedding impedances, respectively. Looking again at the order

Fig. 7. Calculated normalized IF power as a function of bias voltage for a third
harmonic mixer with the following diode and measurement parameters:I =

8:0� 10 A, � = 1:65, R = 33:6 
, v = 693 GHz,v = 11 GHz,
C = 0 fF, C = 0:15 fF, Z = 50 
, andZ = 50+ i25 
, respectively.

of magnitude of the mixing products in (16) now reveals four
contributions with as the strongest products and all other
products contributing with . The existence of two minima
for a third harmonic mixer and one minimum for a second har-
monic mixer confirms the phenomenological law introduced in
[9], i.e., that an th harmonic mixer produces ( ) IF power
nulls. This behavior has also been confirmed through numeric
harmonic balance analysis up to the order of a fifth harmonic
mixer. Nevertheless, the reason behind this law is still
not clear.

E. Voltage Position

Thus far, only the depth of the IF power null has been con-
sidered. Now, an expression will be derived to estimate the bias
voltage where the IF power null occurs. Looking at (5) and (6),
large conversion loss and, therefore, low IF power, occurs when

is small. Thus, has been determined by calculating the
corresponding matrix elements of the admittance matrix
according to (8)–(11). has then been set to zero in order
to solve (4) for the bias voltage. Once again, the diode capaci-
tance has been neglected because it has only a small effect on
the voltage of the IF power null. Also, including the capacitance
would make it impossible to gain an analytical expression for
the IF power null voltage . Performing the substitution in
(4), the bias voltage for minimum IF power is shown in (17),
at the bottom of the following page, where is the modified
Bessel function of the first kind and of theth order and
is the intrinsic voltage across the diode depletion layer induced
by the LO. It can be seen from (17) that depends on diode
parameters such as the ideality factor, saturation current, series
resistance, and embedding impedance, as well as externally de-
termined parameters such as the LO power in .

III. M EASUREMENTS

A. Experimental Setup

The Schottky contacts investigated consist of submicrometer
Pt dots on an epitaxial layer of GaAs. The diode epitaxial
layers have thicknesses between 300–1000 Å and doping densi-
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TABLE I
PARAMETERS OF THEINVESTIGATED DIODES. THE VALUES FORR AND � ARE MEASUREDVALUES AND VARY FROM CONTACT TO CONTACT. THEY HAVE TO BE

TAKEN AS TYPICAL VALUES GAINED FROM SEVERAL MEASUREMENTS. THE OTHER PARAMETERS ARE SUPPLIED BY THE MANUFACTURERS[UNIVERSITY OF

VIRGINIA (UVA), M ASSACHUSETTSINSTITUTE OFTECHNOLOGY(MIT)]. C IS CALCULATED FROM THE DOPINGDENSITY AND EPILAYER PARAMETERS

ties varying from 10 cm to 10 cm . They are grown on
n GaAs with a doping density of 5 10 cm . Several
thousand anodes were arranged in a honeycomb structure on
a single chip with varying anode diameters down to 0.25m
depending on the used chip. The chips were mounted in a
corner-cube mixer block [1] with one of the diodes electrically
contacted with an Au/Ni whisker. On the backside of the
substrate, an ohmic contact was deposited. More details about
the Schottky diodes and their manufacturing process can be
found in [14] and [15].

The diodeI-V curves were measured with a Keithley 236
source and measurement unit. From these curves, the diode se-
ries resistance , saturation current , and ideality factor
were derived by a least-squares fit of an idealI-V curve, as-
suming a pure thermionic emission over the barrier [13]

(18)

and are the diode dc current and voltage,is the electronic
charge, is the Boltzmann constant, andis the physical tem-
perature. Relevant diode parameters together with some diode
data provided by the manufacturer can be taken from Table I.

The diodes were measured in a setup where two COpumped
far-infrared gas lasers with output powers of a few milliwatts

were used as continuous-wave radiation sources (Fig. 8). The
laser pumping the diode as a LO was emitting at 693 GHz,
whereas the “RF” laser was operated at 1397 GHz. This re-
sulted in an IF of 11 GHz when mixing at the second harmonic.
For comparison, the diodes were also measured when operating
as fundamental mixers. In this case, both lasers were coarse
tuned to 2523 GHz with one laser slightly detuned to yield an
IF of about 1 MHz. We also measured the diodes in fourth har-
monic mixer mode. Here, the signal laser was tuned to 693 GHz,
whereas the pump (LO) was provided by a klystron operating at
171.8 GHz. The resulting IF was 5.8 GHz.

The diodes were mounted in a corner-cube mixer and RF cou-
pling was provided by the diode contact whisker. The far-in-
frared laser beams were focused with appropriate high-density
polyethylene lenses into the corner cube in order to match the
laser beams to the long-wire antenna. Since the antenna pattern
of the corner cube depends on the frequency, optimal coupling
can only be achieved for one frequency, nominally the signal
frequency. All the measurements were performed at room tem-
perature. The experimental setup is described in greater detail
in [7].

B. Comparison of Calculated and Measured IF Power Curves

When comparing diodes with different zero-voltage capaci-
tances (Table I), the effect of the diode barrier capacitance can

(17)
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Fig. 8. Experimental setup for two laser mixing experiments.

Fig. 9. Measured IF power as a function of bias voltage. Measured IF power
curves have been normalized to their respective maximum and overlaid at their
IF power null voltage. It can be seen that smaller zero-bias capacitances result
in deeper IF power nulls.

be shown experimentally. As can be seen from Fig. 9, the depth
of the measured IF power nulls depends strongly on the size of
the zero-bias capacitance. For comparison, the IF power for each
curve has been normalized to its individual maximum and has
been plotted so that the IF power null voltages overlap. It can be
seen that a smaller zero-bias capacitance results in a deeper min-
imum in the IF power. For the diode with the smallest zero-bias
capacitance (0.15 fF), an overall depth of the IF power null of
as much as 36 dB could be measured.

Thus far, the embedding impedancehas been set to 50
for the calculated curves at all SB frequencies. This is certainly
not the case for real diodes under normal measurement condi-
tions. On the other hand, as has been shown in the previous sec-
tions, complex (conductive or capacitive) values in the conver-
sion formalism do alter the shape of the IF power curves. This is
especially true for the depth of the IF power null. Thus, in order
to compare measured curves with calculated curves, the correct
embedding impedances have to be considered. Obviously, it is
not possible to measure directly diode embedding impedances
at terahertz frequencies. Therefore, another approach has been
undertaken. Due to the fact that the embedding impedances are
the only parameters in the model that cannot be measured di-
rectly or deduced from measured values, they have been taken

Fig. 10. Measured (solid line) and calculated (dotted line) normalized IF
power as a function of bias voltage for diodes of types 1T14 and 1T15.

as modeling parameters. Calculated curves have been produced
for various imaginary parts of the embedding impedances until
a reasonable match between calculated and measured curves has
been achieved. In order not to end up with many unknown pa-
rameters, the same embedding impedance has been used at all
higher harmonic SBs. It has been found that the real part of
the embedding impedances do not have a great influence on the
depth and voltage position of the IF power null. Therefore, the
embedding impedance at the IF was set to 300, whereas the
real part for all other embedding impedances was kept at 50.

The results of this curve fitting for two different diodes, i.e.,
1T14 with a large zero-bias capacitance and diode 1T15 with
a small zero-bias capacitance, can be seen in Fig. 10. Similar
curves have been obtained for all the diodes in Table I. Keeping
in mind the uncertainties and simplifications made, good
matching of measured and calculated curves can be observed.

Generally speaking, it must be stated that all expressions in
(8), which add an imaginary contribution to the diode’s con-
ductance, have an effect on the admittance matrix element and,
therefore, on the conversion loss. This has been pointed out
for the diode’s capacitance and embedding impedances, respec-
tively, but it is also true for the frequencies involved. The IF is
small compared to the LO frequency and its impact can, there-
fore, be neglected. The LO frequency, in contrast, has an effect
on the IF null depth. It has been found experimentally that re-
peating the same mixing experiment with the same diodes, but
using an LO frequency of 1267 GHz (and an RF of 2523 GHz)
in contrast to 693 GHz, yields shallower conversion nulls. This
is consistent with theory of the dependency of the depth of the
IF power null on the relationship between real and imaginary
contributions to the admittance and is due to the higher LO fre-
quency connected with the imaginary part in (8).

C. Higher Order Harmonic Mixers

Unfortunately, no appropriate far-infrared laser lines were
available to measure the IF power null for a third harmonic
mixer. Instead, a fourth harmonic mixing experiment has
been carried out with a klystron as the LO at a frequency of
171.8 GHz and a far-infrared laser source radiating at 693 GHz
acting as the signal source. It can be seen in Fig. 11 that three
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Fig. 11. Measured normalized IF power curve as a function of bias voltage
for a fourth harmonic mixer. The phenomenological law that anN th harmonic
mixer revealsN � 1 IF power minima has been confirmed.

Fig. 12. Measured (solid lines) and calculated (symbols) bias voltages at the
IF power null for different diodes versus LO voltage. The inlet shows the strong
dependency of the IF power null voltage on the diode’s ideality factor.

TABLE II
DIODE PARAMETERSDERIVED FROM I-V MEASUREMENTSUSED TOCOMPARE

MEASURED AND CALCULATED IF POWER NULL VOLTAGES IN FIG. 12. THE

DIODES’ EMBEDDING IMPEDANCESCANNOT BE MEASURED AND ARE,
THEREFORE, SET ARBITRARILY TO Z = 50 + i0 


IF power minima arise for this fourth harmonic mixer. This is
further evidence for the above-mentioned law.

D. Voltage Position

The bias voltage at the IF power null has been plotted as
a function of the LO power for four different diodes in Fig. 12.

has been calculated from the measured bias voltage drop in-

duced by the LO while maintaining a constant bias current in the
diode. The relevant diode parameters can be found in Table II.
As can be seen from Fig. 12, does slightly depend on the
LO power. On the other hand, a much stronger dependency on
the diode’s ideality coefficient can be seen, as suggested by
(17). It has to be stated that an excellent match of the predicted
and measured IF power null voltages is found, though several
approximations and simplifications have been made in the the-
oretical model.

IV. CONCLUSION

The mixing behavior of single Schottky diode harmonic
mixers has been investigated analytically and experimentally. It
has been shown through laser–laser and laser–klystron mixing
experiments that th harmonic mixers produce minima
of the IF power when the diode bias voltage is varied. This
has been confirmed by a simplified analytical description for
a second and third harmonic mixer and through experimental
results with a second and fourth harmonic mixer. The reason
for these conversion loss minima is a cancellation of power
due to the competition of different mixing paths. The depth
of the IF power null depends strongly on the diode barrier
capacitance, imaginary part of the embedding impedance, and
related mixing frequencies. This latter effect can be explained
by the fact that by introducing nonimpedance components
causes the complex impedance matrix element not to go
through zero anymore at the IF null bias voltage and, thus, leads
to a reduced conversion resonance. Furthermore, approximate
formulas have been presented for predicting the bias voltage
where the IF power minimum occurs for a second harmonic
mixer. Comparison of measured and calculated curves shows
good agreement.
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