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Abstract:

Phase change (PC) materials have two separate states: 
crystalline state and amorphous state. In the crystalline state, 
the electrical resistance is relatively low, while a high resistance 
level is observed in the amorphous state. If the two states are 
properly controlled and resistance level difference is sufficient 
throughout radio frequency (RF) range, this material can be 
utilized as an ohmic switch. The main goal of this project was to 
fabricate RF switches using germanium telluride (GeTe), a PC 
material. More practical structure was proposed with separate 
RF and heater electrodes. For better performance and effective 
phase transition, fabrication process was characterized. First, to 
improve metal contact resistance, oxidized molybdenum (Mo) 
electrodes in contact area with GeTe were etched using diluted 
hydrofluoric acid (HF) solution. Also, additional aluminum 
nitride (AlN) layer was deposited under the GeTe switch for 
better heat dissipation into the high resistivity silicon (Si) 
substrate. An additional oxide layer was also deposited on the 
bottom heater electrode to get better access to the GeTe area for 
phase transition and improved crystallization condition.

Introduction:

These days, RF switches are used for switching signals or 
antennas such as wireless local area network (LAN) in mobiles 
phones or laptops etc. Using the RF switches, we can enable 
high speed communications. There are many kinds of RF 
switches: solid state devices, micro-electro-mechanical system 
(MEMS) switches and phase change switches. The most 
conventional ones are solid state devices. In solid state devices, 
electrical circuits are used for switching. MEMS switches are 
investigated these days and switch mechanically. Compared to 
solid state devices, MEMS switches have some advantages: 
higher linearity and lower power consumption [1, 2]. Phase 
change switches use PC material for switching. Compared to 
MEMS switches, PC switches have some advantages; having 
smaller size, easier integration with CMOS, lower gate voltages, 
and not having special packaging requirements [3].

Figure 1: Fabrication flow of RF switches using phase change material.

PC materials have two separate states; crystalline state and 
amorphous state. In the crystalline state, the electrical resistance 
is relatively low, while in the amorphous state, the resistance is 
high. If the two states are controlled, this material can be an 
ohmic switch. The main goal of this project was to fabricate 
practical RF switches using GeTe.

Experimental Procedure:

The RF switches using PC material were fabricated on Si 
wafers. The fabrication flow was shown in Figure 1. Fabrication 
process is described below. First of all, an AlN layer was 
deposited on a prepared Si wafer. AlN has high insulation and 
high thermal conductivity so heat can easily dissipate. Next, 
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Mo was deposited on the AlN layer and patterned using liftoff 
process. This Mo layer would be the bottom heater electrode. 
Next, a silicon dioxide (SiO2) layer was deposited and patterned 
using radical ion etching (RIE). This SiO2 was used to insulate 
completely between the bottom heater electrode and the RF 
electrode, which would be deposited later. 

The next step was depositing a GeTe layer and patterning it with 
liftoff process. After depositing GeTe, Mo layer was deposited 
and patterned using liftoff process and this layer would be the 
RF electrodes. Next, a second GeTe layer was deposited and 
patterned using liftoff process. Finally, a Mo layer was deposited 
and patterned using liftoff process. This Mo layer would be the 
top heater electrode. Right before each Mo deposition, oxidized 
Mo on the surface of Mo was etched using diluted HF solution, 
so that the electrical resistance would be lower.

Results and Conclusions:

With above processes, the structure was fabricated. A scanning 
electron microscope (SEM) image of this structure is shown 
in Figure 2. Compared to the schematic image, this structure 
seemed to be fabricated well. Next, these devices were measured 
to determine if they worked or not. Voltage pulses were applied 
between two metals, but the phase change didn’t happen. The 
phase change material GeTe was probably damaged. 

There are many possible reasons why the GeTe was damaged: 
resist remover, ultrasonic cleaning, heating, diluted HF, or 
ashing.

Future Work:

It is important to determine which process damaged the GeTe. 
The GeTe should be measured at each step of the process to see 
if it works.

Figure 2: SEM image of structure of a phase change switch.
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