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Abstract — Anti-parallel diode pair mixers offer the
benefit of intermodulation nulling without conversion
nulls. However, the practicality of intermodulation
nulling in improving mixer distortion performance is
dictated by the trade-off between conversion loss and
local oscillator drive power requirements. In systems
where noise figure is not critical and availability of
local oscillator drive power is at a premium,
intermodulation nulling can be most useful. A
correlation between third-degree non-linearity and
intermodulation null with respect to local oscillator
drive is found. This correlation allows the designer to
optimize the intermodulation distortion for a given
local oscillator power by changing the mixer source
and load impedances.

Index Terms — Anti-parallel diode pair mixer,
Intermodulation nulling, Schottky diode, Volterra
series.

I. INTRODUCTION
 

An anti-parallel diode pair (APDP) mixer provides
an efficient way of implementing mixers at
millimeter-wave frequencies. APDP mixers use the
second harmonic of the local oscillator (LO)
frequency. This allows use of an LO source
operating at half the frequency required for mixing.
A millimeter-wave LO source with adequate drive
power and phase noise requirements is otherwise
difficult to achieve. In practice, APDP mixers
require the fundamental LO to be suppressed. An
APDP mixer provides lower noise figure by
suppressing the LO noise sidebands. It can also
withstand large inverse peak-to-peak voltages [1].

An important aspect of mixer operation is
conversion loss, which is the level of mixing
product relative to the input signal. In a single
Schottky diode mixer operating on the second
harmonic of the LO, the conversion loss exhibits a
null versus dc bias [2]-[3].

An APDP mixer does not exhibit this null in
conversion loss. It does however exhibit nulling in
the IMD products. Investigation of this
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intermodulation nulling is worthwhile to assess its
use in improving the distortion performance of
APDP mixers.

Section II introduces a large-signal non-linear
diode model [4] used for predicting APDP mixer
IMD nulling. Section III presents an analysis of the
APDP mixer using Volterra series. A formula for
predicting the dc bias voltage for the IMD null as a
function of diode intrinsic parameters and source
and load resistances is derived. Section IV describes
the two-tone IMD testing carried out under swept
LO power and swept dc bias scenarios. Measured
results are presented and compared with simulated
results obtained from the large-signal model.
Section V outlines the possible causes of nulling and
VI evaluates the avenues available to designer for
exploiting intermodulation distortion nulling.

II. LARGE-SIGNAL MODEL

To predict IMD nulling it is essential to have an
accurate large-signal diode model. The non-linear
current and charge equations describing the device
must be continuous and have continuous higher
order derivatives across all the operating regions [5].
Although this is a necessary condition, it does not
guarantee the accuracy of the distortion prediction.
Accuracy also depends on the smoothing functions
chosen to make the non-linear function and its
derivatives continuous.

A Schottky junction has been used to approximate
the gate region in the large-signal MESFET model
[4]. This model uses fitting functions that ensure the
continuity of current and charge functions. These
fitting functions also guarantee the existence of
infinite higher-order derivatives. This large-signal
MESFET model (with drain current set to zero) is
ideal for modeling distortion in Schottky diode
mixers. Thus the gate-junction section of the
MESFET model was used to model the intrinsic
elements of the Schottky diode. The intrinsic
parameters were extracted from the measured dc
current-voltage data. Extrinsic elements were
extracted from the measured two-port s-parameters
of the diode and added to the model. These include



series inductance, series resistance and a parallel
capacitance across the diode junction.

Fig. 1. APDP Shunt Circuit for Volterra series analysis

III. VOLTERRA ANALYSIS

The APDP mixer in shunt orientation as shown in
Fig. 1, can also be analysed by means of Volterra
series. Although Volterra series is valid for a weakly
non-linear case, its application is justified as nulling
is present with small-signal excitation. For a weakly
non-linear case, the signal diode current di can be
approximated by a Taylor series as:
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where dv is the signal voltage across the diode,

SZ is the source impedance, LZ is the load

impedance, ii , oi are the input and output currents.

The terms ng are the n-th derivatives of the current

through the diodes at a specific bias DV (Note that

the bias is not shown in Fig. 1) The large-signal
current through the diode is given by:
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where DV is the total voltage across the diodes. The

terms DI and DV include bias and signal

contributions. SI is the saturation current and TV is

the thermal voltage term ( TV =NkT/q) . To

determine the transfer function of the circuit in
Fig.1, Volterra analysis of was performed using the
harmonic input method [5]. It was assumed that the
capacitance does not contribute significantly to the

diode non-linearity [3], which proved to be
consistent with the measurements presented here.

The first-order transfer-function of dv vs inv in

frequency domain is:
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where ω is the frequency, SY and LY are the source

and load admittances. The second-order transfer-
function is:
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where 1ω and 2ω are frequencies of the components

in inv .

The third-order transfer function is:
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where, 1ω and 2ω are the third-order mixing

frequencies. At the intermodulation null
.0),( 213 =ωωH Assuming that )()( ωω −= HH ,

(impedances and admittances are real) gives:
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By differentiating the large-signal diode current (2),

the following can be derived for a bias DV :
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Thus substituting the values of ng for n=1, 2 and 3

into (6) gives the dc bias required for the
intermodulation null as:
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IV. 2-TONE IMD TESTING

Two different types of two-tone tests were carried
out to experimentally verify intermodulation
nulling. The aim is to study and relate the third-
degree non-linearity null in the dc bias sweep to the
IMD null in the LO power sweep. In one instance an
18GHz LO with swept power was used to drive the
mixer. In the other a swept dc bias voltage was used.
To measure the non-linearity the swept LO power
measurement is used as it is representative of a
generic mixer application.

A. Swept LO Power

In the measurement setup shown in Fig. 2,

1IFω and 2IFω at 2.0 and 2.1 GHz respectively were
used. An LO signal, LOω at 18 GHz was applied.
The output products were measured at 38.0,
38.1GHz and 34.0, 33.9 GHz since the mixer
operates on the second harmonic of LOω .

Fig. 2. Two-tone IMD testing with swept LO power
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Fig. 3. The dotted lines represent the simulated IMD (37.9
GHz) and RF (38 GHz) and the solid lines the measured
results at IF tone levels of -4dBm. The 37.9 GHz IMD
product shown above has a null at 7dBm LO.

The results in Fig. 3 show the fundamental at 38.0
GHz and the corresponding IMD product at 37.9
GHz. The simulation results obtained from the
large-signal model described in section II are plotted
on the same graph. The comparison shows good
agreement. Fig. 3 and Fig. 4 also show a LO
dependent IMD null that occurs at a lower LO drive.
This doesn’t correspond to the best conversion loss
or linearity. But it does present a trade-off between
the LO drive power, conversion efficiency and
linearity.

At the higher end of the LO drive there exists a
second IMD minimum which corresponds better
conversion loss and linearity. This point clearly
represents a better region to operate the mixer but
comes at the expense of higher LO drive. Hence in
applications where higher LO drive power is not
desirable intermodulation nulling can be beneficial.

B. Swept dc Bias

To measure the non-linearity of the APDP mixer
versus bias, the two-tone IMD test set up in Fig. 2

with tones 1IFω and 2IFω at 4 and 4.1 GHz was

used. The level of third-degree non-linearity was
extracted from the level of the 4.2 GHz IMD
product on the output. The measured and simulated
IMD product levels are plotted in Fig. 5. Note that
the LO signal source shown in the Fig. 2 setup was
turned off. The dc bias point for IMD nulling can be

predicted with (8). Using, TV = 0.039 Volts results

in dV =0.704 Volts. This agrees with measured

results in Fig. 5.

Trade-off: Linearity vs Conversion Gain
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Fig. 4. The dotted lines represent the simulated results and
the solid lines represent the measured results all at an IF
level of -4dBm. The IMD null at 7dBm LO can be
utilised, when the LO drive power is at a premium. But
this ultimately comes at the expense of critical mixer
specifications like conversion loss and IP3.

TONE 1

1IFω

TONE 2

2IFω

BIAS
TEE

BIAS
TEE

Spectrum
Analyzer

APDP
Mixer

Swept LO
Power

LOω
Swept dc

Bias



IM Distortion
Input IF Level = 0dBm

-90

-80

-70

-60

-50

-40

-30

0 0.2 0.4 0.6 0.8 1

Applied Bias (V)

T
h

ir
d

-o
rd

er
IM

D
is

to
rt

io
n

(d
B

m
)

Fig. 5. The dotted line shows the simulated IM3 and solid
line the measured IM3. Applying dc bias enables control
of diodes source and load impedances for conversion
efficiency [5]. From the results of Volterra series analysis
in (8) the same is true for optimizing linearity. The bias
dependent IMD null can be controlled by varying source
and load impedances.

V. DISCUSSION

It is useful to explain why the conversion nulling
in single Schottky diode mixers [2]-[3] is not
observed in an APDP mixer. Fundamental or
conversion loss nulling in a single-Schottky diode
occurs when both third and second order mixing
mechanisms create alternative contributions with
opposite phases. This can lead to cancellation in the
fundamental output.

On the other hand two-tone measurements of the
APDP mixer show nulling in the intermodulation
products and not in the conversion loss. An
explanation to this can be inferred from the APDP
mixer’s inherent ability to suppress even-order
harmonic or mixing products.

Consider the case where two IF tones, 1IFω and

2IFω mix with LOω2 to form RF frequency

components. In an anti-parallel diode pair mixer,
fundamental output LOIF ωω 21 + is not formed

through the alternative mixing mechanism of a

component at LOIF ωω +1 combining with LOω .

This is because LOIF ωω +1 is an even-order

product that is suppressed by anti-symmetric nature
of the anti-parallel diode pair mixer.

In case of intermodulation products in RF output
such as LOIFIF ωωω 22 21 +− , alternative mixing

path is allowed because 212 IFIF ωω − being an

odd-order product is not suppressed. Thus it can
combine with fundamental LO twice in succession
to create an alternative contribution to the product.

This can cancel with the contribution from the direct
mixing path to form an IMD null.

The position of the IMD null with respect to the dc
bias depends on the source and load resistances.
This correlation between third-degree nonlinearity
and IMD null in the dc bias case can be extended to
the LO driven case. This has a significant impact on
the design of APDP mixers in that it is possible to
select an LO drive for a given noise figure
specification and adjust source and load resistances
to present an IMD null thereby optimize for
linearity.

Given the results of the investigation there are
three ways in which the mixer designer can exploit
IMD nulling. One avenue is to choose the IMD null
at lower LO drive power and higher conversion loss.
In another scenario IMD null with minimum
conversion loss and higher LO drive power can be
utilized. Finally IMD null can be achieved at a
desired LO drive power by optimizing the source
and load impedances of the mixer.

VI. CONCLUSION

A correlation between third-order linearity and
IMD nulling versus bias has been found. An
expression that relates the position of the IMD null
to the source and load resistances has been derived.
By judicious choice of source and load resistances
the designer, can control the position of the IMD
null owing to the relationship between amplitude
and the bias value.
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