
Sensors and Actuators A 279 (2018) 75–78

Contents lists available at ScienceDirect

Sensors  and  Actuators  A:  Physical

journa l homepage: www.e lsev ier .com/ locate /sna

A  heat-resistance  and  high-sensitivity  acoustic  pressure  sensor  based
on  aluminum-polyimide  diaphragm

Xinxin  Li a,  Shenglai  Zhen a,∗,  Kai  Qian b,∗,  Xiudong  Liang a,  Xiaoguang  Wang a, Jinhui  Shi a,
Xuqiang  Wu a, Benli  Yu a

a Key Laboratory of Opto-Electronic Information Acquisition and Manipulation of Ministry of Education, Anhui University, Hefei 230601, China
b School of Information Engineering, Hubei University for Nationalities, Enshi 445000, China

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 27 October 2017
Received in revised form 13 May  2018
Accepted 31 May  2018
Available online 1 June 2018

Keywords:
Optical fiber sensor
Aluminum-polyimide diaphragm
Heat-resistance
Long-term stability

a  b  s  t  r  a  c  t

A  fiber-optic  acoustic  pressure  sensor  based  on  aluminum-polyimide  diaphragm  is proposed  in this  paper.
The sensing  diaphragm  exhibits  excellent  properties  including  heat  resistance  and  long-term  stability
(4 months).  Together  with  hybrid  configuration  of Mach-Zehnder  and  Sagnac  interferometer  with  triple
detection  passive  demodulation  algorithm,  the  sensor  can  measure  the absolute  amplitude  of  acous-
tic  pressure.  The  sensor  has  a high  sensitivity  of 110  nm/Pa  with  the acoustic  pressure  amplitude  of
2.05  mPa–7.15  Pa and  gives  a minimum  detectable  pressure  of  37.7  �Pa/Hz1/2 at  4  kHz. The  sensor  also
demonstrates  a flat  frequency  response  in  the  range  of  600  Hz–6  kHz  and  is  expected  to  be  used  for  weak
acoustic  pressure  sensing  and  photo-acoustic  spectroscopy.

©  2018  Elsevier  B.V.  All  rights  reserved.
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1. Introduction

Fiber-optic microphone has many advantages in comparison
to the conventional capacitive microphone including electrical
insulation, immunity to electromagnetic interference, high sensi-
tivity and so on [1]. Fiber-optic Fabry-Perot interferometers (FPIs)
called diaphragm based FPIs, with a hollow-cavity covered by a
deflectable diaphragm, have been studied extensively due to their
high sensitivity and compact size [2–4]. In general, the deflectable
diaphragms can be made of various materials, such as silica, sil-
ver and graphene. Recently, J. Ma  reported an acoustic pressure
sensor based on a multilayer graphene diaphragm with 100 nm
in thickness and obtained the sensitivity of 1100 nm/kPa with

∗ Corresponding authors.
E-mail addresses: slzhen@ahu.edu.cn (S. Zhen), kaiqian@sjtu.org (K. Qian).

the diaphragm diameter of 125 �m [5]. However, it is difficult
to prepare and transfer large diameter graphene diaphragms to
the sensor head. Moreover, optical reflectivity of the graphene
diaphragms is relatively low compared to metal diaphragms. F. Xu
reported an acoustic pressure sensor based on a large area nano-
layer silver diaphragm with 150 nm in thickness and obtained the
sensitivity of 160 nm/Pa with the diaphragm diameter of 2.4 mm
[6]. For silver diaphragm, it is usually difficult to maintain the flat-
ness of the diaphragm by the electroless plating method and the
result hasn’t good repeatability. In addition, the sensors can’t mea-
sure the absolute amplitude of acoustic pressure.

In this paper, we  demonstrate a fiber-optic acoustic pres-
sure sensor based on aluminum-polyimide diaphragm with about
1 �m in thickness and 3.1 mm in diameter. The basic theories of
hybrid configuration of Mach-Zehnder and Sagnac interferometer
with triple detection passive demodulation algorithm for measur-
ing the absolute amplitude of vibration have been described in

https://doi.org/10.1016/j.sna.2018.05.043
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Fig. 1. (a) Schematic (b) image of the sensor head.

our previous work [7]. In this paper, the absolute amplitude of
aluminum-polyimide diaphragm deflection induced by acoustic
pressure will be measured. Although the sensor is similar to that
of diaphragm-based fiber-end FPIs, only the reflections from the
aluminum-diaphragm form useful signals. In order to ensure that
no F-P fringes could be generated, we choose the type of fiber col-
limator consisting of the SMF  whose end facet with a tilted angle
of 8◦ and the lens surface with high quality anti-reflective coat-
ing. The schematic of the sensor head is shown in Fig. 1(a), the
aluminum-polyimide diaphragm was fixed on the end of a metal
tube, and light is emitted from a fiber collimator to the surface of
the aluminum-diaphragm. Fig. 1(b) shows the image of the sen-
sor head, materials of the diaphragm are aluminum and polyimide.
Polyimide has many unique advantages such as high strength, high
and low temperature resistance (−269 ◦C∼+250 ◦C) [8], radiation
resistance and good chemical stability.

2. Fabrication process of the aluminum-polyimide
diaphragm

The process for preparing the aluminum-polyimide diaphragm
by silicon etch and magnetron sputtering methods as shown in
Fig. 2.

(a) Depositing a layer of metal consisting of the chromium with
20 nm thick and aluminum with 200 nm on the surface of silicon
wafer by magnetron sputtering method. (b) Coating photoresist on
the metal layer surface, then transferring the pattern printed on
the film to the surface of the metal layer under the exposure of
UV light. (c) Etching away the metal layer which is not to be pro-
tected with cured photoresist by Ion Beam Etching (IBE) method.
(d) Depositing a layer of aluminum with ∼30 nm thick on another
side of silicon wafer. (e) Coating a layer of polyamic acid solution
with <1 �m thick by centrifugal device, and conducting the pro-
cess of imidization. (f) Etching the silicon under the corrosive gas
by Inductively Coupled Plasma (ICP) method. (g) Finishing etch-
ing and releasing the aluminum-polyimide diaphragm. (h) Making
the sensor with fiber collimator. (i) Temperature-time curve of the
process of imidization.

Above the surface of silicon wafer, the aluminum layer
is base part and the polymide layer is the main part of
aluminum-polyimide diaphragm. The way of preparing aluminum-
polyimide diaphragm has the following advantages: (1) Compared
with polymide diaphragm, aluminum can make the aluminum-
polyimide diaphragm avoid the holes generating on the surface of
silicon wafer for polyamic acid solution could not easily adhere to
the silicon wafer. The images of the diaphragm were shown in Fig. 3.
(2) Aluminum layer can make the surface of aluminum-polyimide

Fig. 2. Fabrication process of the aluminum-polyimide diaphragm.

diaphragm keep smooth and increase the reflectivity. (3) In the
process of silicon etch, aluminum can protect the polyimide layer.
(4) Polyimide can keep the internal stress in balance and maintain
the flatness of the aluminum-polyimide diaphragm. (5) Polyimide
can make the framework of the aluminum-polyimide diaphragm
stable.

3. Experiments and results

The experimental setup is shown in Fig. 4. An amplified sponta-
neous emission (ASE) light source (1550 nm)  with power of 13 mW
was adopted as a light source of the system. The sensor head was
placed into an acoustic isolation box (B&K 4232), a vibration exciter
(B&K 4809) and a microphone (B&K 4192) were used to calibrate the
acoustic pressure applied on the aluminum-polyimide diaphragm
of the sensor head. The incident light is projected onto the sur-
face of the aluminum-polyimide diaphragm and returns back along
the optical path. There are two  paths which have the same optical
length and could generate interference signals: 1) E-D-L-F-E, 2) E-F-
L-D-E. The signals were transferred into NI-DAQ (NI-USB 6351) by
photoelectric conversion and amplification. Then the signals were
reconstructed by demodulation algorithm (Labview 2013) in PC.
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