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Abstract Key words 
     Photonic Crystal Fiber Interferometers (PCFIs) are greatly used 
for sensing applications. This work presents the fabrication and 
characterization of a relative humidity sensor based on Mach- 
Zehnder Interferometer (MZI), which operates in reflection mode. 
The humidity sensor operation based on the adsorption and 
desorption of water vapour at the silica-air interface within the PCF. 
The fabrication of this sensor is simple, it only includes splicing and 
cleaving the PCF with SMF.PCF (LMA-10) with a certain length 
spliced to SMF (Corning-28). 

The spectrum of PCFI exhibits good sensitivity to humidity 
variations. The PCFI response is observed for a range of humidity 
values from (27% RH to 85% RH), the position of the interference 
peaks is found to be shifted to longer wavelength with humidity 
increasing. In this work, a different length of PCFs are used, and the 
maximum humidity sensitivity of (5.86 pm / %RH) is achieved with 
(4.5cm) PCF length, and the rise time of (8sec) is achieved. This 
humidity sensor has distinguished features as that it does not require 
the use of a hygroscopic material, robust, compact size, immunity to 
electromagnetic interference, and it has potential applications for 
high humidity environments. 

Humidity sensors, 
Optical fiber sensor, 
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interferometer. 
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  البلوريأداء متحسس الرطوبة المستند على مقياس تداخل الليف الفوتوني   

   حنان جعفر طاھرسعاد صاحب ھندال، 

  معھد الليزر للدرسات العليا، جامعة بغداد

  الخلاصة
وفي ھذا العمل تم . مقاييس التداخل للالياف البلورية الفوتونية تستعمل بشكل واسع في تطبيقات التحسس    

زيندر والذي يعمل في نمط توصيف وتصنيع متحسس الرطوبة النسبية بالاعتماد على مقياس التداخل لماخ 
امتزاز بخار الماء عند حاجز متحسس مقياس التداخل لليف البصري الفوتوني يعمل بالاعتماد على .الانعكاس
تم تصنيع ھذا المتحسس بطريقة بسيطة، تضمنت لحام ليف .ھواء مع الليف البصري البلوري الفوتوني -سيليكا

طيف مقياس التداخل لليف البصري البلوري . SMF)- (28مع ليف ذو نمط مفرد LMA)-(10بلوري فوتوني 
بالرطوبة واستجابة ھذا المقياس كانت ضمن مدى رطوبة نسبية الفوتوني ابدى تحسسية عالية لمقدار التغير 

وكذلك زحزحة لموقع قمم التداخل نحو الاطوال الموجية الطويلة مع زيادة قيم %)، 85 - % 27(يتراوح بين 
في ھذا العمل تم استعمال عدة اطوال لليف البصري البلوري الفوتوني، وقد حصل اعلى مقدار  .الرطوبة النسبية

سنتيمتر وبزمن صعود مقداره ) 4.5(عند الطول ) النسبة المئوية للرطوبة النسبية/ بيكومتر  5.86(ية للحساس
 ).ثانية 8(

، متين، حجمه الصغير، استرطابيةمتحسس الرطوبة المُصمم له عدة مزايا منھا عدم احتياجه الى مواد 
  .مناعته للتداخل الكھرومغناطيسي، وعمله في بيئات ذات رطوبة عالية
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Introduction 
     Photonic Crystal Fiber (PCF), 
which is also called holey fiber or 
Microstructured Optical Fiber (MOF) 
appeared in the mid-1990s. PCFs have 
a periodic layout of microholes that 
run along the entire length of fiber. 
They are two types of PCF cross 
sections: a solid silica core surrounded 
by air–silica cladding, where the light-
guiding mechanism is provided by 
means of a Modified Total Internal 
Reflection (MTIR), or a hollow core 
surrounded by air–silica cladding, 
where the light-guiding mechanism is 
based on the Photonic Band Gap 
(PBG) effect [1].  

The presence of air holes in PCF 
provides a possibility of light 
propagation in air, or instead of that 
gives the ability to inject gases/liquids 
into the air holes. This provides a good 
controlled interaction between light 
and matter leading to novel sensing 
applications that cannot get it with 
conventional optical fibers [2 , 3].The 
applications of  PCFs in sensing 
domains dividing it in two sub-
branches, depending on the parameter 
that is measured. These two 
subbranches are physical (curvature 
sensor, temperature sensor, vibration 
sensor, electric and magnetic sensor, 
and pressure sensor) and biochemical 
sensors (gas sensor, humidity sensor, 
pH sensor, and molecular sensor) [4]. 

Humidity is an important factor in 
different fields such as agriculture, 
food process and storage, chemical, 
biomedical, weather conditions 
monitoring, civil engineering, and 
electronic, etc.[5]. Humidity indicates 
to the water vapor content in air. It is 
one of the most measured physical 
quantities. Humidity measurements 
can be stated in a variety of terms and 
units. Relative humidity (RH) is the 
ratio of the partial pressure of water 
vapor to the equilibrium vapor pressure 
of water at the same temperature. It is 

expressed as a percentage, using the 
following expression [6]: 

	 	 100% 

where Pw is the partial pressure of the 
water vapor and Pws is the saturation 
water vapor pressure. RH is a relative 
measurement because it           is a 
function of temperature [6]. 
Conventional electronic RH sensors 
are based on monitoring the changes in 
electrical capacitance or conductivity, 
and because of the electrical leakage, 
especially in a high humidity 
environment, this types of sensors have 
the disadvantage of inaccuracy. So, the 
optical fiber based RH sensors 
(compared with electronic RH sensors) 
offer many advantages, such as small 
size, low weight, immunity to 
electromagnetic interference, and 
remote monitoring. There are a wide 
range of RH sensing techniques based 
on optical fibers, including long period 
gratings (LPG), fiber Bragg gratings, 
plastic optical fibers, surface plasmon 
resonance, and tapered optical 
fibers[7].  
     Relative Humidity (RH) sensor 
based on a PCFI has been submitted in 
this paper, which have an unique 
features such as it doesn't require any 
hygroscopic material to measure 
humidity and the sensor tip is made of 
single material (silica). Because of 
these features this sensor is suitable for 
working in harsh and high-temperature 
environments. For an interferometric 
type fiber optic RH sensor, the sensing 
mechanism relies on the perturbation 
of the light signal phase properties that 
travelling in the optical fiber 
introduced by the humidity change. 
The phase change detection is realized 
by mixing the signal of interest with a 
reference signal, then converting the 
phase difference into wavelength  shift 
or an optical intensity change [6]. In 
this paper, the sensing element is just a 
stub of PCF spliced to SMF, this forms 
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