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Abstract - We present a surface micromachining process to 
fabricate AlN piezoelectric microstructures. The fabrication 
process "utilizes Si02 sacrificial layer etching with P?lysilicon 
as a structural layer. The significance of the process IS that the 
polysilicon layer is used as a structural as weIl as a bottom 
electrode layer. A thin layer of Cr is used as a mask layer to 
etch both the AIN and polysilicon layers, while acting as a top 
electrode. The fabricated clamped-clamped beam 
microbridges show compressive stress. Preliminary results 
using phase-shift interferometry measurements show 
displacements of 8.3nmN on a typical microbridge with 
dimensions 385 x 50 /-lm. " 
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I. INTRODUCTION 
In recent years, aluminum nitride (AIN) thin 

films have received considerable interest as 
promising candidates for a variety of applications: 
electrically insulating material, thermal conductor, 
dielectric and passivation layers, surface acoustic 
wave (SAW) devices and photoelectric devices 
[1-3]. Integration of AlN thin films in surface 
micromachining processes finds applications as 
thin film resonators and filters [4, 5]. Many 
techniques, such as DelRF sputtering [6, 7], 
chemical vapor deposition (CVD) [8], laser 
chemical vapor deposition (LCVD) [9], pulsed 
laser ablation (PLD) and molecular beam epitaxy 
(MBE) [10], have been used for AIN thin film 
deposition on various substrates. Integration of the 
AIN thin film in surface micromachining process 
requires specific processes with a suitable 
combination of electrodes and structural layer. In 
this work, RF reactive sputtering is used to grow 
preferred oriented (002) AlN thin films on a 
polysilicon layer. The properties of the AlN thin 
films are greatly influenced by its microstructure, 
which is strongly affected by the deposition 
conditions. 

In this paper, we report a surface micromachining 
process with polysilicon as both electrode and 

structural material to fabricate AlN unimorph 
piezoelectric micro actuators. A stack of 
Crl AIN/polysilicon ++ forms a unimorph 
piezoelectric actuator configuration. Phase-shift 
interferometry (PSI) has been used to measure the 
deflection of the unimorph micro actuator as a 
function of applied voltage. 

II. MICROFABRICATION PROCESS 
The micro fabrication process involves the 

sacrificial oxide layer etching to release the 
microstructures such as cantilevers and suspended 
beams or microbridges. A highly doped silicon 
wafer is used as a substrate to have good electrical 
conductivity for probing. A Nordiko-2000 multi 
target sputter system is used for the deposition of 
AIN thin films on doped polysilicon layer using 
optimised sputter parameters as shown in table 1. A 
thin layer of Cr is also deposited on the AIN layers, 
without breaking vacuum to ensure sufficient 
adhesion of Cr with the AIN layer. The Cr layer is 
used· as a mask for patterning AIN and polysilicon 
layers. 

Table 1. A INd d· . eposltlOn con ltzons 
Parameters Values 
Base pressure (mbar) <3xlO-7 

Substrate layer Poly++/Si02/Si" 
Sputter pressure (mbar) 3.3 x 10-3 

RF power (W) 350 
Ar:N2 flow rate (seem) 8:3 
Substrate temperature (0C) 360 
Target-substrate distance (em) 6 

The process flow schematic is shown in figure 1. 
Two masks are required: a sacrificial etching mask 
and a top electrode patterning mask. The process 
starts with a highly doped p-type Si (100) substrate 
with a sacrificial layer (wet oxidized Si02) to a 
thickness of 3 J.lm. The sacrificial etch mask is used 
to pattern the oxide layer. 
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