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INTRODUCTION 

There have been advancements in both 
microelectronic circuits and device technologies 
with the advent of the Internet of Things (IoT) and 
to enable the next generation mobile network, 5G. 
Here we focus on three device technologies and 
their components, ranging from RF/Microwave 
micro-electro-mechanical systems (MEMS) devices, 
to Energy harvesting for IoT sensors. 

The paper deals with ADI developments, the RF 
MEMs switch device to achieve the desired RF 
focusing primarily on the device construction and 
the advancements in RF performance. 
Thermoelectric energy harvesters that use small 
amounts of otherwise wasted energy to generate 
usable electrical power which is targeted towards 
industrial applications as part of a zero pin sensor 
initiative designed to generate enough power from 
a temperature drop of about 10°C to power a 
wireless sensor node.  

The RF Surface Acoustic Wave (SAW) filter 
developments is also analysed which are interdigital 
transducers (IDTs) and will act as the RF passive 
MEMs filter targeting passive Wake-up applications  

RF MEMS SWITCH 

A DC (0Hz) to over 26GHz (K-Band), ultra-long on 
lifetime single pole dual throw (SPDT) MEMS switch 
is considered which is used with integrated driver 
circuitry. The switch exhibits 1dB of insertion loss 
and 23dB of off isolation at 26GHz. 

With low loss and high bandwidths, the RF 
properties achievable by MEMS switch are very 
suitable for 5G as they are very linear devices, that 
can deal with the power requirements. The features 
which give ADI MEMS an advantage over other 
switching technologies for 5G are its Linearity with 
IIP3 of 69dBm and the power handling capability of 
>36dBm. 

A three dimensional representation of the Active-
Open MEMS Device [2] is shown in Fig. 1 along with 
corresponding SEM micrograph image of a 
fabricated device. 
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Fig. 1. Three dimensional model and SEM 
micrograph of the active open MEMS switch. 

 

Two gate electrodes are positioned at the back and 
front of the beam, which enable the beam to be 
closed and opened electrostatically by applying an 
appropriate voltage to the respective control 
electrode.  

This MEMS switch die is constructed using a high 
resistivity silicon wafer, on which CMOS compatible 
interconnects including poly-silicon, aluminum, and 
tungsten are processed in a silicon-dioxide 
dielectric, to form the electrical interconnects to the 
switching device. The switch device is then micro-
machined on top of this dielectric, using special 
non-stick contact metals and plated gold, which is 
subsequently released using a metal sacrificial layer. 
The switch device is then encapsulated in a silicon 
housing for protection, using wafer level seal glass 
capping. It represents an enhancement on the novel 
MEMS switch which has recently been 
commercialized, and was first reported at IMS 2015 
[3]. The above flow was driven by both reliability, 
and compatibility with the wafer fabrication site.  

THERMOELECTRIC ENERGY GENERATOR 

Thermoelectric energy harvesting devices enable 
self-powered systems for IoT applications bringing 
sensors to places previously thought impractical or 
inaccessible and they also reduce operating 
expense and maintenance cost of battery 
replacement. The device considered here converts 
waste heat into electrical energy through the See 
beck effect, Fig. 2 

 

Fig. 2. Conversion of waste heat to energy using 
thermoelectric effect 

Thermoelectric energy harvesting devices have 
significant advantages compared to discrete 
devices 

 Low-cost 

 Microfabrication: Hundreds to thousands of 
TE legs 

 High device thermal resistance: Optimize ΔT 
captured 

 High output voltage: Maximize efficiency of 
power management 

The current technology demonstrator combines low 
power sensors   power   management   and   radio   
module   with   the thermoelectric energy 
harvesters for machine health monitoring. The 
system is mounted in a housing which combines 
the thermal contact to the heat source and the heat 
sink as demonstrated in Fig. 3. 

 

Fig. 3. Wireless sensor node demonstrator for 
machine health. 

Power consumption can be optimised by 
component and also by data transmission rates and 
transmission modes 

Within the Internet of Things, energy harvesting is 
critical as an alternative power source for systems. 
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The use of waste heat, low power sensors and 
efficient power management solutions can be 
combined and enables the proliferation of sensor 
nodes for IoT. 

RF SAW FILTER 

The RF SAW filter analysed here is to use in a 
Passive RF Wake-up system such as in Pacemaker 
telemetry in the healthcare industry. The wake-up 
system can also be integrated/co-packaged with 
wireless transceiver/sensors systems. The system 
concept will maximize the Pacemaker battery 
lifetime via the reduction in power consumption 
compared to a duty-cycle based wake-up system, 
Fig. 4. 

 

Fig. 4. RF Passive Wake-Up circuit Product Concept 

The low power and RF performance are key 
differentiators while an RF Energy Harvester 
provides power to the receiver. The MEMS RF Filter 
being developed will set the Receiver’s Selectivity. 
The product will require a highly selective passive 
filter with 1-2dB Insertion Loss and low temperature 
co- efficient. The RF SAW filter will therefore require 
High Q, low insertion loss resonators, which would 
be advancement on RF MEMS filter technologies, 
similar to what was targeted and achieved. 

CONCLUSION 

The paper reviews three device technologies in 
development for implementation into the 5G 
ecosystem and expansive Internet of Things. A RF 
MEMs switch design was discussed, with supporting 
measurement data, exhibiting excellent RF 
performance with only 1dB of insertion loss at 

26GHz. The switch enables superior system 
performance and reliability, which is not possible in 
current mechanical switching solutions. A 
Thermoelectric Energy Harvester for IoT 
applications was introduced along with applications 
including machine health monitoring. Finally, RF 
SAW Filter designs and applications were 
introduced along with the challenges and 
limitations in present technologies 
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