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ANALYSIS OF DIODES USED As PRECISION POWER DETECTORS 
ABOVE THE SQUARE LAW REGION 

Tom Guldbrandsen 
Physics Laboratory I11 

The Technical University of Denmark 
DK 2800 Lyngby Denmark 

Abstract 
The deviation from square law found in diode power General power series are used for current- 
detectors at moderate power levels has been model- voltage and capacitance-voltage characteristics. 
led for a general case: By applying the model the 
deviation can be eliminated if an extra set of 
measurements is made in situ. The accuracy of 
diode power detectors can thus be improved con- 
siderably. 

Diode power detectors are often preferred to bol- 
ometers due to their low power requirements. For 
precision measurements the dynamic range is, 
however, severely limited. The maximum power is 
limited due to deviations from square law. The 
minimum power is limited by the noise level as 
expressed by the “Tangential Signal Sensitivity”. 
The dynamic range is too small for precision 
measurements unless the error caused by the 
deviation from square law is reduced. 

The deviation from square law can be modelled 
if, as often is the case, the RF-signal is terminated 
in a 50 ohms load in the detector mount and the 
small signal impedance of the diode is large 
compared with 50 ohms. An analysis of this case 
has been made by Cullen et. al. i l l .  A disadvantage 
is that most of the power is lost in the 50 ohms load 
and not in the diode. The sensitivity is thus 
reduced. 

Theorv 
In the present paper the deviation from square law 
has been calculated for a more general system 
consisting of a number of diode detectors connected 
to a common arbitrary linear passive network 
containing an approximately sinusoidal source. This 
situation covers the case of the six-port. The diodes 
are isolated from each other at DC. No assumption 
has been made about diode impedances so the 
diodes are interacting with the network as well as 
with each other at the fundamental frequency and 
at  the harmonics. 

The problem is solved stepwise by means of a 
perturbation method. First the corresponding linear 
problem is solved by neglecting the non-linear 
terms in the power series. Next the non-linear 
terms are introduced and equations for the changes 
in diode voltages and currents are set up. The diode 
voltages and currents are considered in the fre- 
quency domain. It is shown that only DC, the 
hndamental frequency and the second harmonic 
need to be taken into account in order to find the 
first two terms in the power series describing the 
detection law. Similarly only the first four terms of 
the power series for the diode current-voltage 
characteristic and the first three terms of the power 
series for the diode capacitance-voltage characteris- 
tic should be taken into account in order to treat 
the problem in a consistent way. 

At microwave frequencies i t  is generally not 
possible to perform quantitative calculations of 
deviations from square law. The reason is that 
second harmonic signals play a significant role and 
the circuit parameters are rarely known at the 
second harmonic frequency. Instead the form of the 
model is found and the deviation from square law 
can then be found and corrected for, if an  extra set 
of measurements are made in situ for each 
frequency and excitation condition. 

It is shown that for precision measurements the 
maximum power level can be increased by about 18 
dB by correcting for the deviation from square law. 
The dynamic range can thus be increased suffi- 
ciently in order to enable fast measurements to be 
made with an accuracy of lo-” dJ3. 
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