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Phase Change Materials for RF 
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2pm - 3pm (amphi F122 - Grandmont) 
Phase change materials are widely used in microelectronics for the 
fabrication of Solid State Devices and integrated memories. These 
materials conductivity undergoes a sharp change when they are 
subjected to thermal stimuli. This presentation will cover the 
applications of these materials to Radio Frequency circuits. In particular, 
the outstanding properties of GeTe alloy allows fabricating a new 
generation of tunable RF components. We will present a new type of 
integrated bi-stable switches that can further be integrated in complex 
subsystems like antenna arrays, or programmable tunable networks. 
New types of tunable capacitors have also been developed using the 
same type of materials. The first generation of these components show 
very high Q, and large dynamic range. The small size, and CMOS 
compatibility of these devices makes them very promising for 
applications to future microwave and millimetre-wave systems.
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Abstract—This paper presents the design, fabrication and 

characterization of Ge2Te2Sb5-based phase change material RF 
switches. The material exhibits non-volatile reversible amorphous 
to crystalline phase change with resistivity changes up to 105 
orders of magnitude. Being non-volatile, these RF switches do not 
require permanent bias to be maintained in a given state. We 
present the design of a 4-terminal RF switch integrating an 
indirect heating system to induce amorphous to crystalline phase 
change of the material. The measured figure of merit FOM (Ron× 
Coff) is about 450 fs, which is comparable to FOM obtained for SOI 
and SOS technologies, without permanent bias. 

Keywords—Phase change material;Ge2Sb2Te5; bistable RF 
switches; joule heating  

I. INTRODUCTION  
To respond to the increasing demand to cover multiple 

frequency band (GSM, 3G, 4G, Wifi...), current 
telecommunications systems are becoming increasingly 
complex because of the many electronic features (converters, 
filters, multiband antennas ...) they integrate. In this context, RF 
switching functions are essential elements to ensure optimum 
operation while reducing power consumption and size of 
devices. Performances of RF switches are determined by their 
isolation in the OFF-state and insertion loss in the ON-state but 
also by their power handling, power consumption and their ease 
of integration. State of the art counts RF switches based on 
silicon-based technologies such as SOI [1], SOS [2] and also 
RF-MEMS [3]. Although these technologies have shown good 
performances with high isolation, low insertion loss [4], 
however permanent DC bias is needed to hold a given state. 
Linearity is also an issue for semi-conductor technologies [1] 
[2]. Moreover, integration complexity (packaging), and size are 
specific issues for RF MEMS technology [3] [5]. Alternative 
researches are directed towards original switching technologies 
based on phase change or phase transition materials [6] [7] [8], 
that may improve RF performances and provide high linearity 
and low-energy consumption. 

Very recently, phase change materials (PCM), as GeTe 
chalcogenide alloy have been evaluated to develop RF switches 
since they presents a high resistance in the amorphous state and 
low resistance in the crystalline state  [9] [10]. Our paper 
presents the integration of Ge2Sb2Te5 (GST) phase change 
material for the realization of RF/microwave switches. GST 
presents a reversible structural amorphous (a-GST) to 
crystalline (c-GST) thermally induced phase change [11] [12]. 
This phase change is accompanied by intrinsic properties 
change of material, in particular a drastic resistivity drop when 

it passes from amorphous to crystalline state (up to 5 order of 
magnitude) [11] [13]. For several years, GST has been widely 
exploited for the development of non-volatile phase change 
memories (PCRAM) devices with a number of cycle between 
the two states greater than 105 cycles and a transition time of 
about 50 ns [13]. For these properties, GST is one of the best 
candidates for RF switching applications because it has a great 
Roff / Ron ratio with a good compromise in terms of stability 
and transition time [13]. Compared to currently used RF 
technologies, the key advantage of GST-based technology is 
that the device do not require permanent bias to be maintained 
in a given (OFF or ON) state. 

II. GST-BASED SWITCHING DEVICES FABRICTION 

A. Phase change mechanisme in GST 
GST amorphous to crystalline phase change mechanism is 

based on heating and cooling of the material, which can be 
induced by either a simple direct heating of the material [12] or 
by Joule heating by applying an electrical excitation [11]. 

 
Figure 1. Heating and cooling of GST-phase change material : a) resistance 
variation of a directed heating GST material from the amorphous to the 
crystalline state [12] ; b) the typical profile of the thermal pulse used in PCRAM 
technologies to switch ON [11]. 
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Figure.1 shows the typical resistivity variation of a planar 
device integrating a thin films of GST by applying a direct 
heating cycle (25°C to 250°C) followed by a cooling cycle 
(250°C to 25°C) [12]. As reported, during the heating cycle the 
material undergoes the amorphous-high resistance to 
crystalline-low resistance phase change at about 165°C 
(temperature of crystallization) with resistivity change up to 4 
order of magnitude. During cooling cycle, the material retains 
its crystalline-state low resistance [12].  

For practical application, amorphous-to-crystalline phase 
change is generally induced by joule heating. Such heating 
system is typically used for the PCRAM technologies [14]. 
Memory cells are made of sandwiched PCM layer between 
resistive top and bottom electrodes. In this case an electric pulse 
is circulated between the two electrodes through the material 
[14]. To switch devices from the amorphous to the crystalline 
state, electrical pulse with moderate rise in amplitude and large 
duration (blue curve in Figure 1.b) is applied, in order to heat 
the material above its crystallization temperature (Tc) bringing 
the material to its low resistance-crystalline state [14]. To 
switch back the device from the crystalline to the amorphous 
state, electrical pulse with a sharp rise in amplitude and shorter 
duration (red curve in Figure 1.b) is applied to reach the melting 
temperature (Tm) of the material putting the atoms into a 
disordered system. Then a very fast cooling cycle freezes the 
material in the high resistance- amorphous phase [11] [14]. For 
this kind of memory applications Ron is generally very high 

(K:) [11], which is essentially due to the low thickness of PCM 
layers and to the high contact resistance between resistive 
electrodes (TiN, W) and PCM material [11]. To achieve RF 
switches with low insertion loss in a 50 Ω system, a planar 
(inline) configuration has been preferred instead of a vertical 
(out-of-plan) configuration. Our RF switch design integrates an 
independent heating system to switch the material between the 
two states. 

B. Design and fabrication of RF switches 
RF switches were fabricated on high resistivity silicon 

substrates using standard microelectronic fabrication 
techniques. Figure 2a shows an optical microscope image of a 
typical realized switch-based on GST. The cross-section of the 
layer stack is shown in Figure 2b. It consists of a GST pattern 
connected to a discontinuous transmission line section and the 
thin film resistor (TFR) heater element orthogonal to this 
transmission line, composing a four terminal RF switch. 

 

Figure 2. Four terminal inline RF switch integrating a GST pattern of Lg = 3 
µm separating the two segments of transimission line : a) overview of the device 
and b) cross sectional view showing the stack of the structural layers. 

All layers creating the device have been obtained by 
successive photolithography and lift-off process steps. The 

fabrication process begins by a pulsed laser ablation deposition 
(PLD) of 100 nm-thick NiCr, followed by a deposition of 100-
nm thick AlN dielectric barrier. A 130 nm thick GST layer is 
obtained by laser ablation, followed by the successive 
deposition of the microwave transmission line and DC contacts 
metals Ti/Cu/Ti/Au (15-500-10-100 nm) using electron beam 
evaporation. To switch GST material between its amorphous 
and crystalline states, an appropriate electric pulse is applied 
through the TFR heater, and the generated thermal energy pulse 
is transmitted through the dielectric barrier to the GST material, 
changing its properties. 

III. RESULTS AND DISCUSSION 

The RF properties are first tested in two states: in the 
amorphous state (as fabricated device) and in the crystalline 
state (after direct heating at 300 °C for 5 min). 

 

Figure 3. Upper part: optical photographs of a16x10 µm RF switch showing the 
color contrast of the GST layer in the amorphous state and in the crystalline 
state (amorphous region are darker in color) ; Bottom pannel: resistance 
variation of the device between the two states. 

As deposited, GST is in the amorphous state presenting a 

high resistance (~ 1 M:) the device has an isolation of about 
25 dB up to 24 GHz. In the ON, crystalline state, (Ron) is 

respectively 10 :, which compares very well to SOS and SOI 
technologies [1] [2]. 

DC measurements were also performed to the RF switches 
of the same type switch described below, using an Al2O3 (300 
nm) dielectric instead of AlN as dielectric barrier. RF switches 
were firstly switched to the crystalline state by a direct heating 
process (at 300°C/5 min). In the upper panel of Figure 3 are 
presented the magnified views of a 16 x 10- µm gap RF switch 
with 130-nm thick GST layer when switched from crystalline-
ON state to amorphous-OFF state and then back to the 
crystalline-ON state. As observed, the GST pattern changes its 
color when transforming from the crystalline to the amorphous 
state (darker regions indicates the amorphous regions of the 
material). In the lower part of Figure 3, we present the resistance 
variation of the device while applying to the TFR under layer 
consecutive ON/OFF electrical pulses. To switch the device to 
the OFF state, a 20-µs, 14.5-mA pulse (~ 12 mW) is applied 

through the 80- : thin resistive film while a 250-µs at 11-mA 
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