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Abstract -The paper presents the first demonstration of 
an integrated MMIC compatible thermoelectric micro- 
wave power sensor for frequencies between 1 to 2OGHz 
using a standard GaAs foundry process. Two different 
types of sensors are described: an insertion sensor for the 
measurement of transmitted power through a coplanar 
waveguide and a termination sensor which measures the 
power dissipated in a 50 R load. The transmission sensor 
has a very low insertion loss of less than 0.3dB and VSWR 
lower than 1.2. Due to their low time constant of approx. 
lps these sensors are well suited for pulsed applications. 
The sensor exhibits an inherent linearity for large power 
levels and does not require any bias. 

I. INTRODUCTION , 
Power sensors can be applied for applications like 

power monitoring, gain control or circuit protection. 
Their operating principle is the measurement of the 
temperature rise due to the conductor losses when ap- 
plying a microwave signal. The temperature rise with 
respect to the temperature of a heat sink is monitored 
by a cascade of thermopiles. We have presented similar 
power sensors earlier [l-3], which were fabricated on 
dedicated substrate material in an in-house fabrication 
process. Other groups have also presented microwave 
power sensors on GaAs [4-61 and Si [7-91, but these 
were not compatible with an MMIC process. 

To our knowledge this is the first demonstration of an 
insertion and termination power sensor folly compatible 
and fabricated with an MMIC process. 

In this publication two different realizations of the 
microwave power sensor are presented. The first sensor 
utilizes the losses in the center conductor of a coplanar 
(CPW) or microstrip waveguide as a measure of the 
transmitted power through a transmission line. It is in- 
tended to be inserted into any MMIC compatible con- 
nection in order to measure the rms of the transmitted 
microwave power. However, it is not possible with this 
sensor to detect the direction of the power transfer. This 
sensor is called in the following the insertion power 
sensor. The second sensor is based on the measurement 

of the power dissipated in a load resistance (&=SOQ) 
using a similar technique as for the insertion sensor, 
where the temperature rise in the load is a measure of 
microwave power. It can be used for example in the 
teminated branch of a coupler. This sensor is called in 
the following a termination power sensor . 

Thermoelectric power measurement has many inher- 
ent advantages as: 

Passive sensor principle. The thermoelectric ‘sensor 
generates a signal voltage without the need of bias- 
ing, 
Excellent linearity. The only nonlinearity involved 
is the weak nonlinearity of the thermal resistivity of 
GaAs, 
High dynamic range. The lowest possible power 
level which can be measured is given by the thermal 
noise of the thermopile resistance, while there is 
virtually no limitation for the maximum microwave 
power operation 
True rms-measurement, 
Thermal time constants typically are in the l-lops 
range, 
Broadband performance. The measurement can be 
very broadband since the bandwidth is only limited 
by the performance of the transmission line. No 
special coupling structures are needed. 

In the past such sensors were using membranes for 
thermal isolation of the center conductor of a CPW 
from the bulk GaAs [l-3]. This results in an increased 
sensitivity. However, the drawbacks of this approach 
are high insertion loss and poor VSWR, especially in 
the case of the insertion sensor. Moreover, the mem- 
brane process is not a standard technology in GaAs 
foundry processes. 

The high thermal resistivity of GaAs, which is three 
times that of Silicon, allows a design without mem- 
brane. Hence, in this work a new membrane free ap- 
proach has been implemented. It has the advantages of 
excellent microwave performance since it results in con- 
stant substrate thickness. The required chip area is 
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smaller compared with the membrane structure and with 
structures requiring couplers. The thermal time constant 
is lower, which is very important for pulsed applica- 
tions. Additionally, the absence of a membrane results 
in a very simple fabrication which is compatible with a 
standard MMIC-foundry process. In the following it is: 
shown, that the sensitivity is still sufficient for the’ 
measurement of transmitted microwave powers higher 
than IOdBm. 

II. DESIGN OF THE SENSORS 
A cross-sectional drawing of a termination power sen- 

sor is shown in Fig. 1. The sensitivity of the sensors is 
determined by the Seebeck effect of the material. The 
thermocouples were formed utilizing the implanted 
channel layer of a power MESFET process for one leg 
and a Au interconnect for the second leg. The average 
doping level of the channel is about No=lO”cm” result- 
ing in a Seebeck coefficient of typically -350pV/K. The 
Seebeck coefficient of Au can be neglected. 

heat sink tharmocouple load resistor 

Fig. 1 Cross-section 
via hole heat sink. 

of a termination power sensor with 

From the point of view of maximum sensitivity GaAs 
is not the optimum material for thermopiles, since Al- 
GaAs [ 1 O] and InGaAs [ 111 layers result in a much bet- 
ter sensitivity. However, this approach is centered 
around the compatibility with standard MMIC foundry 
process. 

The insertion power sensor is shown in Fig. 2. A cas- 
cade of 10 thermopile measures the temperature rise due 
to transmitted power in the coplanar transmission line. 
Air-bridges form the ground conductors in the vicinity 
of the thennopiles in order to avoid a thermal short- 
circuit by the ground conductor metal. Via-holes are 
located at the cold ends of the sensors in order to keep 
the cold ends of the sensors at base-plate temperature. 

The sohare package ANSYS was used for the ther- 
mal design of the sensor. The simulations show, that it 
is essential to locate the hot ends of the thermopiles as 
close as possible to the center conductor of the coplanar 
waveguide. A trade-off has to be made between the mi- 
crowave performance of the waveguide and the thermal 
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sib I) and split 
tar, respectively. 

metal evaporated (design III) central conduc- 
The sensor dimensions are 100x300~m2. 

performance of the sensor. Special test structures were 
investigated with different distances between the hot 

investigated: 
1. Design I for low insertion loss with plated center 

conductor as shown in Fig. 2, 
2. The same geometrical layout as shown in Fig. 2 but 

with evaporated metal only, design II. 
3. Design III for high sensitivity with a center conduc- 

tor split into two 5 pm transmission lines and 
evaporated metal only. 

An important issue in the design is to keep the ohmic 
resistance of the thermoniles as low as Dossible since it 
determines the signal to noise ratio &d the dynamic 
range of the sensor. Therefore the area of the ohmic 
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cold ends are located in a colder area of the chip but 
result in a higher resistance. Simulations with ANSYS 
as well as investigations with special test structures 
show that the optimum length is between 50~ and 
100pm Termination sensors having different lengths 
are illustrated in Fig. 3. 

Fig. 3 Photograph of two termination power sensors with 
different thermopile lengths. 

III. MEASUREMENT RESULTS 
The insertion loss and VSWR of the sensors were meas- 
ured in the range between 0.45 MHz and 26 GHz using 
a HP 85 IOB network analyzer using PicoProbe wafer 
probes. The results for the transmission power sensor 

are shown in 
Fig. 4. The results demonstrate, that the sensor exhib- 

its an excellent microwave performance, especially an 
insertion loss less than 0.3 dB and a VSWR lower than 
1.2 in the whole frequency range. 

The sensitivity S of the insertion power sensor is de- 
fined by the DC output voltage of the thermopile cas- 
cade divided by the input microwave power. A value of 
S = 1OmVlW was measured for the insertion sensor 
based on design III. The theoretical resolution is 1.3pV 
provided the bandwidth is limited to 1MHz. This corre- 
sponds to a noise equivalent power of NEP=O. 13mW. 
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Fig. 4 Measured insertion loss and VSWR versus 
frequency of the insertion power sensor. 

The time constant was measured by observing the re- 
sponse of a square-wave input signal at the input of the 
transmission line. The measured time constants are in 
the range of around 1~s. This result is clearly dominated 
by the surrounding air. We expect that the time con- 
stants of the sensors are lower when operated in her- 
metic environment. 

The termination power sensor exhibits a much higher 
resolution of about OSSViW due to the fact that all the 
incident microwave power is dissipated in the sensor 
The output voltage versus the dissipated microwave 
power is provided in Fig. 5. The thermopile resistance is 
around 13kQ. The VSWR of the termination power 
sensor is comparable to that of the transmission power 
sensor and depends strongly on the accuracy of the 
terminating load resistor, which has a value of ZL=50Q 
in our design. In order to realize the 5OQ resistance val- 
ues two 10052 resistors are connected in parallel. 
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Fig. 5 Output voltage versus the microwave input 
power for the termination power sensor. The sensitivity 
of this sensor is approx. 0.55ViW at 1OGHz. 

IV. CONCLUSION 

We have presented the first GaAs MMIC compatible 
microwave power sensor for insertion and load meas- 
urements. The sensor is realized in coplanar waveguide 
using a commercial GaAs power MESFET process. 

It can be concluded that microwave power sensors 
without membrane have sufficient sensitivity for most 
power applications and excellent microwave properties 
as e.g. a low insertion loss of less than 0.3dB and low 
VSWR of less than 1.2 up to 26.5 GHz, respectively. 
The sensors presented have a short time constant of 
about lps, which makes them suitable for measure- 
ments in communication systems. 
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