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To overcome the power issue of current CMOS technology, the microelectronic industry 
needs radically new devices that drastically improve the energy efficiency of microelectronic 
systems. One promising but largely unexplored technology is nano
switches, which potentially achieve a >10x improvement in energy efficiency. NEMIAC aims 
to demonstrate the viability of this technology through the development of a competitive and 
manufacturable device, extensive materials research to address
and the development of tools and methodologies to build complex logic based on the new 
NEM switch device. Unlike CMOS
switch device can implement complex logic operat
significantly reducing logic complexity. Hence it is of great importance to engage in a holistic 
research activity in both switch design & manufacturing and in system level optimization. 
Uniquely within the NEMIAC c
approach are available.  

In the first two years of the NEMIAC project, suitable switches have been designed, 
prototypes have been measured and their large
study to identify optimized NEM switches topologies as well as a suitable design and 
fabrication process for low-
consideration the NEM switch circuit system aspects, we have designed and implemente
robust scalable, switch technology. The initial design uses an in
advantages in terms of robustness, freedom of design and scalability compared to an out
plane switch (see Figure 1). This enabled the design of a curved cantilever des
compact and robust owing to good control of the actuation gap in the closed position. 

Figure 1 SEM image of a micro
characteristics with ohmic contact at low V
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To overcome the power issue of current CMOS technology, the microelectronic industry 
needs radically new devices that drastically improve the energy efficiency of microelectronic 
systems. One promising but largely unexplored technology is nano-electromecha
switches, which potentially achieve a >10x improvement in energy efficiency. NEMIAC aims 
to demonstrate the viability of this technology through the development of a competitive and 
manufacturable device, extensive materials research to address the inherent reliability issue, 
and the development of tools and methodologies to build complex logic based on the new 
NEM switch device. Unlike CMOS-based circuit design, logic functions using a simple NEM 
switch device can implement complex logic operations with minimum-size switches, thereby 
significantly reducing logic complexity. Hence it is of great importance to engage in a holistic 
research activity in both switch design & manufacturing and in system level optimization. 
Uniquely within the NEMIAC consortium, all the expertises required for such holistic 

In the first two years of the NEMIAC project, suitable switches have been designed, 
prototypes have been measured and their large-scale manufacturability has been evaluated. 
study to identify optimized NEM switches topologies as well as a suitable design and 

-power logic applications has been conducted. Taking into 
consideration the NEM switch circuit system aspects, we have designed and implemente
robust scalable, switch technology. The initial design uses an in-plane topology, which offers 
advantages in terms of robustness, freedom of design and scalability compared to an out

). This enabled the design of a curved cantilever des
owing to good control of the actuation gap in the closed position. 

SEM image of a micro-sized, 29.5-µm-long switch (left) and its 
characteristics with ohmic contact at low VD (right). 
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To overcome the power issue of current CMOS technology, the microelectronic industry 
needs radically new devices that drastically improve the energy efficiency of microelectronic 

electromechanical (NEM) 
switches, which potentially achieve a >10x improvement in energy efficiency. NEMIAC aims 
to demonstrate the viability of this technology through the development of a competitive and 

the inherent reliability issue, 
and the development of tools and methodologies to build complex logic based on the new 

based circuit design, logic functions using a simple NEM 
size switches, thereby 

significantly reducing logic complexity. Hence it is of great importance to engage in a holistic 
research activity in both switch design & manufacturing and in system level optimization. 

onsortium, all the expertises required for such holistic 

In the first two years of the NEMIAC project, suitable switches have been designed, 
scale manufacturability has been evaluated. A 

study to identify optimized NEM switches topologies as well as a suitable design and 
power logic applications has been conducted. Taking into 

consideration the NEM switch circuit system aspects, we have designed and implemented a 
plane topology, which offers 

advantages in terms of robustness, freedom of design and scalability compared to an out-of-
). This enabled the design of a curved cantilever design that is 

owing to good control of the actuation gap in the closed position.  

 

long switch (left) and its ID–VG 



The contact and actuation gap are defined through the thickness of the same sacrificial layer, 
which enables the creation of gaps below the lithographic limits of the 
reduces the number of process steps. Tilting the actuation electrodes with respect to the 
normal plane reduces the closing of the actuation gap and results in a minimum electric field 
from gate to cantilever in the closed position, allowing 

As highlighted in Table I our scaling study suggests that it is possible to achieve the 
performance aims in NEMIAC using a 100
confirms that precise control o
capacitance) is critical for scaled low

Table I Switch performance targeted in NEMIAC and predicted perfo
NEMIAC NEM switch technology

Switch 
Parameters 

NEMIAC Target

Area 3 µm × 3 µm

Latency 50 –

Air gap < 100 nm

Reliability 1010

Voltage 5 V

Low-adhesion materials have been integrated into nanoscale
over 108 hot switching cycles. The effect of the gate voltage rising time on the bouncing 
response has been also analyzed in terms of the degradation performance (contact resistance 
and current vs. cycling). A fast and lo
conceived in a dry environment for future ageing and cycling testing, 
structures have been proposed to analyze the propagation delay and process variability.

The NEM switches developed in 
interconnect wiring layers and, optionally, on top of the CMOS circuitry.
project, the individual fabrication steps of the wafer
implemented and evaluated. 
integration process (left) and transferred evaluation structures that have been implemented in 
the project (right). The process developed is based on adhesive wafer bonding and benefits 
from an easy fabrication step to remove the sacrificial bonding layer in oxygen plasma. 
addition, two packaging strategies for encapsulating the NEM switch circuits 
designed, and for one of these two processes, the resulting package hermeticity has been 
evaluated and confirmed. 

Figure 2 Simplified scheme of the heterogeneous integration process (left) and 
transferred evaluation structures
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The contact and actuation gap are defined through the thickness of the same sacrificial layer, 
which enables the creation of gaps below the lithographic limits of the 
reduces the number of process steps. Tilting the actuation electrodes with respect to the 
normal plane reduces the closing of the actuation gap and results in a minimum electric field 
from gate to cantilever in the closed position, allowing better scalability of the switch.

our scaling study suggests that it is possible to achieve the 
performance aims in NEMIAC using a 100-nm lithography technology. This study further 
confirms that precise control of the contact adhesion force and the gap dimension (actuation 
capacitance) is critical for scaled low-voltage NEM switches. 

Switch performance targeted in NEMIAC and predicted perfo
NEMIAC NEM switch technology 

NEMIAC Target NEMIAC switch technology (predicted 
performance at 100 nm lithography )

3 µm × 3 µm 3 µm × 0.4 µm 

– 100 ns < 50 ns (fres≈ 18 MHz) 

< 100 nm 10 nm 
10 hot events NA 

5 V ~1 V 

adhesion materials have been integrated into nanoscale contacts, achieving a lifetime of 
over 108 hot switching cycles. The effect of the gate voltage rising time on the bouncing 
response has been also analyzed in terms of the degradation performance (contact resistance 
and current vs. cycling). A fast and low-parasitic long-term reliability setup has been 
conceived in a dry environment for future ageing and cycling testing, 
structures have been proposed to analyze the propagation delay and process variability.

The NEM switches developed in NEMIAC will be heterogeneously integrated on top of 
interconnect wiring layers and, optionally, on top of the CMOS circuitry.
project, the individual fabrication steps of the wafer-level integration process flow have been 

valuated. Figure 2 shows a simplified scheme of the heterogeneous 
integration process (left) and transferred evaluation structures that have been implemented in 

The process developed is based on adhesive wafer bonding and benefits 
from an easy fabrication step to remove the sacrificial bonding layer in oxygen plasma. 
addition, two packaging strategies for encapsulating the NEM switch circuits 

and for one of these two processes, the resulting package hermeticity has been 

    

implified scheme of the heterogeneous integration process (left) and 
transferred evaluation structures (right). 
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The contact and actuation gap are defined through the thickness of the same sacrificial layer, 
which enables the creation of gaps below the lithographic limits of the technology and 
reduces the number of process steps. Tilting the actuation electrodes with respect to the 
normal plane reduces the closing of the actuation gap and results in a minimum electric field 

better scalability of the switch. 

our scaling study suggests that it is possible to achieve the 
lithography technology. This study further 

the contact adhesion force and the gap dimension (actuation 

Switch performance targeted in NEMIAC and predicted performance with 

NEMIAC switch technology (predicted 
performance at 100 nm lithography ) 

 

contacts, achieving a lifetime of 
over 108 hot switching cycles. The effect of the gate voltage rising time on the bouncing 
response has been also analyzed in terms of the degradation performance (contact resistance 

term reliability setup has been 
conceived in a dry environment for future ageing and cycling testing, and dedicated test 
structures have been proposed to analyze the propagation delay and process variability. 

NEMIAC will be heterogeneously integrated on top of 
interconnect wiring layers and, optionally, on top of the CMOS circuitry. In year 2 of the 

level integration process flow have been 
shows a simplified scheme of the heterogeneous 

integration process (left) and transferred evaluation structures that have been implemented in 
The process developed is based on adhesive wafer bonding and benefits 

from an easy fabrication step to remove the sacrificial bonding layer in oxygen plasma. In 
addition, two packaging strategies for encapsulating the NEM switch circuits have been 

and for one of these two processes, the resulting package hermeticity has been 

 

implified scheme of the heterogeneous integration process (left) and 



A new technology cannot be successful without the models, tools, and design flows to 
develop systems and to enable design-space exploration based on new architectures. In the 
first two years of the NEMIAC project, we have developed two distinct models for the NEM 
switch devices: A analytical compact model (ACM), which can easily be calibrated to 
investigate the differences between designed and measured devices, and a reduced-order 
model (ROM), which is automatically derived from detailed finite-element models (FEM) and 
used to establish design flows and to perform design-space exploration before measured 
results are available. These models were used to establish a logic library that is the basis for 
the demonstrator developed in the third year of the project. They were also the key 
components to develop and implement a complete simulation methodology for NEM-switch-
based circuits. Finally, a synthesis flow based on standard CAD tools has been devised that 
allows automatic synthesis of large macro blocks to perform design-space exploration. 

On the dissemination side we have succeeded in our goal of continuing to publicise the 
project and highlighting the technical advancements achieved in NEMIAC in switch and 
contact fabrication, wafer-level integration, packaging, modelling and simulation and design, 
by a variety of means from regular conference presentations and journal articles to plenary 
and invited talks to university industry days. One regular conference paper was accepted, and 
two submitted in this period, while a plenary talk and five other invited talks were delivered. 
Three journal papers have been accepted, and three more journal papers submitted in this 
period are currently under review. Three patent applications have also been submitted in the 
current reporting period, and are pending. The first industry newsletter was distributed to a 
large number of recipients from industry and academia. 

Overall, the NEMIAC project is on track to achieve its goal to demonstrate the viability and 
potential of NEM switch technology for ultra-low-power logic applications. Further 
information and contact information can be found at www.nemiac.eu. 


