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Abstract Background: Crown lengthening is a surgical procedure that apically positions the gingival edge 

and/or removes supporting bone in order to increase the amount of supra gingival tooth structure for 

restorative or cosmetic purposes.  

The objective of the study: The purpose of this study was to evaluate the efficacy of the 940nm diode 

laser in esthetic crown lengthening surgery through clinical observations, patient questionnaires, clinical 

photographs, and gingival healing following gingival operations. Material and methods: In this 

randomized clinical trial, 16 patients (11 females and 5 males) had their crowns surgically lengthened using 

a diode laser (940 nm) in continuous wave (CW) mode with 1 watt energy settings. A visual analogue scale 

is used on the first, third, seventh, and twenty-first days following surgery to record pain, swelling, 

bleeding, functional interference, tooth sensitivity, and success from an aesthetic standpoint, as well as 

overall patient satisfaction based on patient opinion and clinical photographs. Results: In the present study, 

we noticed that the scale of pain, bleeding, oedema, function interferance, and tooth sensitization 

significantly decreased gradually during the first two visits. The measured parameters completely 

disappeared after one week in most cases, as well as increase patient satisfaction and aesthetic achievement. 

The patients were recalled three weeks later, the wounds had totally healed, and the patient were not 

complaining of any pain. Conclusion: Crown lengthening requires optimal gingival margin design. This 

involves precise shaping of delicate tissues, which is difficult with the scalpel. While Lasers give improved 

gingival sculpting control and can be used for aesthetic crown lengthening. The laser surgery has many 

advantages, including excellent hemostasis with little or no bleeding, being less invasive and sterile wound 

cut, causing less pain and suffering during and after surgery, and enhancing patient satisfaction since the 

operation is short and, in most circumstances, relatively painless. Also, in laser surgery, there is less 

functional interruption and enhanced patient satisfaction since a periodontal pack is not needed to cover the 

surgery site. The healing is faster and more aesthetic when using laser surgery procedure. 

  Keywords: diode laser, esthetic, crown lengthening, scalpel surgery, laser surgery, visual analogue scale 

(vas) 
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Introduction 

           A pleasing smile is seen as a symbol 

of attractiveness in modern society (Cairo et 

al., 2012). A beautiful smile is influenced by 

the hard tissue components (such as teeth), 

the degree of gingival appearance, and the 

lip shape (Manjula et al., 2015). Gingival 

health is one of the primary fundamental 

aesthetic goals to take into account when 

formulating a treatment plan. Additionally 

important are the gingiva's margin and 

shape. The remaining ridges of the maxilla 

and mandible in the oral cavity are covered 

by the keratinized epithelium known as 

gingiva, which also extends to the 

mucogingival junction in the vestibule 

(Wahyuni et al., 2021). 

          Crown lengthening is a surgical 

procedure that lengthens the supragingival 

tooth structure. A gingivectomy, also 

referred to as crown lengthening, is a 

surgical procedure that involves removing 

and reforming the gingival margin in order 

to achieve aesthetic, functional, or 

restorative objectives (Nield-Gehrig and 

Willmann,  2007). Several surgical 

techniques that all attempt to improve the 

appearance of the gingiva and teeth may be 

used to extend crowns. When reshaping the 

marginal gingiva, care must be taken to 

preserve the biologic width. Sometimes 

osseous recontouring is needed to keep the 

biologic width and place the margins 

correctly (Shivaprasad et al., 2015).  

          Crown lengthening surgery was esthetic 

or functional, depending on the patient.                                                                                                                                                     

"Esthetic crown lengthening" refers to 

increasing the length of the tooth structure 

for aesthetic purposes, such as in the case of 

patients with short clinical crowns and 

gummy smiles related to altered passive 

eruption; while "restorative/functional 

crown lengthening" refers to exposing a 

fractured tooth or sub gingival caries 

(Hempton and Dominici, 2010). Crown 

lengthening procedures that are both 

practical and aesthetically are recommended 

in several clinical situations (Farista et al., 

2016). Crown lengthening is utilized for 

excessive gingival exposure, a "gummy 

smile," from inadequate passive eruption, or 

"short teeth." Short clinical crowns are teeth 

with fewer than 2 mm of sound, opposing 

parallel walls following occlusal and axial 

reduction (Rabie et al., 2013). Crown 

lengthening may be performed using a 

scalpel, electrosurgery, or a laser.  

           Compared to other technologies, lasers 

provide various advantages. laser therapy is 

effective and produces good outcomes and 

patient satisfaction. The mechanism of the 

laser's action on tissue is determined by the 

laser settings and the properties of the tissue. 

Different types of lasers are used in 

periodontal surgery, including Nd:YAG, 

diode, CO2, and the Erbium laser family 

(Musaa et al., 2017).  Due to the many 

benefits of lasers, they rapidly gained a 

significant role in dentistry, especially soft 

tissue lasers for oral surgery, which are 

progressively preferred over traditional 

techniques due to their good hemostasis, 

accessibility of the wound area, reduced 

edema, very limited area of thermal necrosis 

in surrounding tissues, reduced post-

operative pain, and potential to perform 

operations without anesthesia (Al-Jumaily, 

2019).The diode laser is one of the most 

commonly used laser systems. It is mostly 

utilized in soft tissue applications. In this 

randomized clinical trial, using a diode laser 

(940 nm) in continuous wave (CW) mode 

with 1 watt energy settings for aesthetic 

crown lengthening. 

 Material and methods 

        Sixteen people between the ages of 15 

and 42 participated in this study. They were 

either healthy or had a well-controlled 

systemic illness. The periodontal area must 

be in excellent health. This may be assessed 

by evaluating the gingival bleeding score, 

gingival inflammatory score, and gingival 

pocket probing depth. Also, another 

inclusion criteria involved patients who had 

gingival exposure between 4 and 6 mm due 

to a short clinical crown or an imbalance of 



Noor A. D.  et al., Iraqi J. Laser 22(1), 1-8 (2023) 
 

3 
 

tooth length and gingival margins. as well as 

patients who require crown lengthening 

therapy due to gingival enlargement caused 

by prostheses, orthodontics, or after healing 

of periodontal disease, or plaque that 

induced gingival enlargement. Demographic 

information such as the patient's age and 

gender, medical and dental histories, clinical 

examination, and the number of teeth 

involved in the operation, which must be at 

least four, were collected. Aesthetic crown 

lengthening by gingivectomy was performed 

at the University of Baghdad, Faculty of 

Dentistry, Department of Periodontology, by 

using a 940 nm diode laser. All treatments 

were carried out after the patient was 

informed about the goal of this study and 

gave informed consent. All participants were 

given oral hygiene guidelines as well as 

phase I periodontal therapy at the beginning 

of the study. The patients' gingival contours 

were assessed after one week for aesthetic 

crown lengthening operations. Before 

scaling, the plaque index (pl), bleeding on 

probing, and gingival index (GI) were all 

calculated. Chu aesthetic gauges were used 

on patients who had gingival exposure when 

smiling as a result of incorrect passive 

eruption and a short clinical crown. Gauges 

were used as recommendations to identify 

the right occlusogingival clinical dimension 

of the tooth in proportion to its width and the 

correct papilla position in relation to its 

length. Postoperative pain, edema, bleeding, 

functional interference, tooth sensitivity, 

healing, aesthetic achievement, and patient 

satisfaction were assessed at 1, 3, 7, and 21 

days. Postoperative parameters were 

measured using the visual analogue scale 

(VAS). The VAS scale is used to assess 

subjective feelings like pain and other 

discomforts. In the present study, 

researchers used a traditional VAS in which 

a dentist wrote a vertical sign ranging from 0 

(no symptoms) to 3 (severe symptoms) (the 

highest degree of symptoms) at each 

postoperative appointment. 

 

 

Procedure  

           Following the use of a periodontal 

probe to identify the cemento-enamel 

junction (CEJ), the surgical region was 

anesthetized with enough infiltration. The 

alveolar bone height and the position of 

supra-crestal soft tissues are both determined 

by the bone-souning procedure. By placing a 

periodontal probe or Chu's bone sounding 

gauges into the sulcus, mark the bleeding 

areas using a pocket depth indicator. After 

initializing the fiber tip in contact mode, use 

sweeping brushing strokes and beveled 

incisions. The power was selected after the 

desired effect (excision of diseased tissue 

without tissue harm) was achieved using 1 

W of 940 nm diode laser in continuous wave 

mode with a fiber-optic delivery system 

(fiber tip 400 μm). An assistant was 

instructed to maintain irrigation with normal 

saline to cool the tissue and clean the 

surgical site, as well as to keep the vacuum 

tips close to the operational site to suck up 

any smoke or odor that could result from 

laser tissue ablation. Wet gauze was used to 

clean the surgical site and tip. The laser was 

interrupted every 15 seconds to evaluate 

gingival tissue and minimize overheating. 

Aesthetic crown lengthening by laser 

technique with follow up assessment shown 

in figure (1). 

Statistical analysis: 

            The data was entered into the SPSS 

V26 statistical program, and descriptive 

statistics were displayed in tables and 

graphs. 

While the Friedman test was utilized to 

assess progress in the study's dependent 

parameters, P value 0.05 was regarded as the 

cutoff point of significance. 
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Fig. 1: (A) A preoperative perspective (B)intra-

operative perspective, (C) immediate post-

operative perspective, and (D) 3 days 

postoperatively (E) one week postoperative 

surgery (F) three-weeks post-operative 

perspective ,(G) after bleaching and direct filing 

treatment. 

Results 

 

           This study included 16 participants 

(11 females and 5 men) who underwent 

surgical esthetic crown lengthening by diode 

laser (940nm). They ranged in age from 15 

to 42 years old, with 37.8% being teenagers 

and 62.5% being adults. As shown table (1) 

 
Table 1:distribution of studied cases based on the age and 

the gender of the participations 

 

 N   % 

Age  <20 year 6 37.5% 

=>20 year 10 62.5% 

Gender Male 5 31.3% 

Female 11 68.8% 

 

The levels of pain, bleeding, swelling, 

functional interference (FI), and tooth 

sensitivity (TS) were significantly decreased 

throughout the time of measurement. 

according to the Fridman test, p value 0.05 

for all circumstances, as shown in Table 2. 

Healing, aesthetic accomplishment (AA), 

and satisfaction levels were found to be 

consistent and to have grown considerably 

throughout research phases. 

P= 0.001 in all circumstances. 

 

 

A 

B 

C 

D 

E 

F 

G 
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Table 2: The Friedman test demonstrates how pain, edema, bleeding, patient satisfaction, and function vary 

during an assessment 

Variable  

Time  Mean±std Median (IQR) Ranks  

P value 

Pain 1
st
 day  1.06±0.68 1(.75) 2.78 0.001 

3
rd

 day 0.13±0.34 .00 1.69 

7
th

 day  0.00 .00 1.53 

Bleeding  1
st
 day  0.38(0.5) 1(1) 2.31 0.009 

3
rd

 day 0.13(0.342) 1 1.94 

7
th

 day  0.00 0 1.75 

Edema  1
st
 day  0.19 0 1.56 0.157 

3
rd

 day 0.06 0 1.44 

FI 1
st
 day  0.69±0.479 1(1) 3.47 0.001 

3
rd

 day 0.13±342 0 2.34 

7
th

 day  .00 0 2.09 

Healing  1
st
 day  .63±0.5 1(1) 1.44 0.001 

3
rd

 day 1±0. 1(0) 1.81 

7
th

 day  1.88±0.5 2(0) 2.91 

21
st
 day 2.81±0.75 3(0) 3.84 

TS 1
st
 day  0.38±0.619 0(1) 1.66 0.025 

3
rd

 day 0 0 1.34 

AA 1
st
 day  1.88±0.342 2(0) 1.41 0.001 

3
rd

 day 2.19±0.544 2(0) 1.97 

7
th

 day  2.88±0.342 3(0) 3.31 

Satisfaction  1
st
 day  2±0 2(0) 1.25 0.001 

3
rd

 day 2.63±0.5 3(1) 2.50 

7
th

 day  2.94±0.25 3(0) 3.13 

21
st
 day 2.94±0.25 3(0) 3.13 

  

Table3: shows the patient distribution based on the scores of measured variables (pain, bleeding, edema, 

functional interference and healing) at the time of each patient's measurements. (R1= 1day, R2=3 days, 

R3=7 days, R4=21days) 

 Pain Bleeding oedema FI Healing 

R
1 

R
2 

R
3 

R
4 

R
1 

R
2 

R
3 

R
4 

R
1 

R
2 

R
3 

R
4 

R
1 

R
2 

R
3 

R
4 

R
1 

R
2 

R
3 

R
4 

1 2 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 1 2 3 

2 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 2 3 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 3 

4 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 1 2 3 

5 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 2 3 

6 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 2 3 

7 2 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 1 2 3 

8 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 2 3 

9 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 2 3 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 3 

1
1 

1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2 3 

1
2 

2 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 2 3 

1
3 

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 3 

1
4 

2 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 2 3 

1
5 

1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 2 3 

1
6 

1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 2 3 
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Table 4: The distribution of studied patients based on measured variable scores (teeth sensitivity TS, 

aesthetic achievement AA and patient satisfaction) at the time of each patient's measurements. 

(R1= 1day, R2=3 days, R3=7 days, R4=21days) 

 TS AA Satisfaction  

 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

1 0 0 0 0 2 2 3 3 1 2 3 3 

2 1 0 0 0 2 2 3 3 1 2 3 3 

3 0 0 0 0 2 3 3 3 1 3 3 3 

4 0 0 0 0 2 2 3 3 1 3 3 3 

5 1 0 0 0 2 3 3 3 1 2 3 3 

6 0 0 0 0 2 2 3 3 1 3 3 3 

7 2 0 0 0 1 2 3 3 1 2 3 3 

8 0 0 0 0 2 2 3 3 1 3 3 3 

9 0 0 0 0 2 2 3 3 1 3 3 3 

10 0 0 0 0 2 3 3 3 1 3 3 3 

11 0 0 0 0 2 3 3 3 1 3 3 3 

12 0 0 0 0 1 1 2 2 1 2 3 3 

13 0 0 0 0 2 2 3 3 1 2 2 3 

14 1 0 0 0 2 2 3 3 1 3 3 3 

15 1 0 0 0 2 2 2 2 1 3 3 3 

16 0 0 0 0 2 2 3 3 1 3 3 3 

 

Discussion 

 

           Esthetic crown lengthening is a 

secure and reliable way to maintain healthy 

dentogingival relationships. The laser may 

be utilized in place of conventional 

techniques for numerous intraoral soft tissue 

surgical operations. Crown lengthening has 

been performed using a variety of lasers, 

including Nd:YAG, Er, Cr:YSGG, Er:YAG, 

carbon dioxide, and diodes (Verma et al., 

2012). Diode lasers may operate in 

continuous or pulsed mode and produce 

near-infrared laser light with a wavelength 

of 810 to 980 nanometers. These 

wavelengths are readily absorbed by 

hemoglobin and pigment, which make up 

the majority of soft tissue. Diode lasers may 

thus be used for incision, excision, 

coagulation, and pain treatment. This 

clinical study evaluated the efficiency of a 

940nm diode in soft tissue crown 

lengthening. Postoperative pain, bleeding, 

oedema, functional interference, healing, 

tooth sensitivity, aesthetic accomplishment, 

and patient satisfaction were evaluated using 

visual analog scales. The data showed a 

considerable reduction in pain on the 1st and 

3rd days, which disappeared on the 3rd (7 

days) and 4th (21 days) visits. This is due to 

the laser's influence on prostaglandin 

production and its sealing action on nerve 

terminals (Abdulkareem et al., 2021). edema 

and bleeding  scores were significantly 

decreased across time of treatment in laser 

due to the laser's ability to control bleeding 

during surgery by closing small blood 

vessels and blocking lymph vessels helps 

prevent post-operative issues such as 

swelling and edema. Over time, the 

functional interference score declined 

significantly. Since a coagulated layer 

develops over the surgical incision after 

laser surgery, there is no need to cover the 

surgical site with a periodontal pack. Laser 

treatment enhances wound healing by 

accelerating epithelial cell mobility and 

fibroblast proliferation. Immune cells like 

neutrophils and macrophages release 

cytokines and growth hormones during this 

period (Subramanya, 2022). The healing 

score increased with time in this study. 
Additionally, in this trial, the tooth 

sensitivity score decreased significantly with 

time. Aesthetic achievement was evaluated 

in this study. Participants responded 

significantly to esthetic improvements after 

a week because lasers coagulate tissue, 

making it easier to visualize the operative 

area directly after surgery. That made the 
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patient more satisfied throughout the 

treatment. In this investigation, the aesthetic 

accomplishment and patient satisfaction  

scores increased dramatically throughout 

treatment. 

 

Conclusion 
            

            Esthetic crown lengthening is 

important to produce appropriate gingival 

margin morphology. This requires an 

accurate tissue incision, which is difficult 

with traditional (scalpel) treatments. 

Insufficient scalpel design for a smooth 

gingival margin curvature leads to uneven 

margins with tattered edges. The surgeon 

typically deviates from the original gingival 

margin design to minimize tissue scarring. 

Lasers allow more control over gingival 

sculpting and should be included in the 

aesthetic crown lengthening arsenal. Diode 

lasers are beneficial in respect of operator 

control, ease, and ablation accuracy. 
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التجميلي التاج طالةإ فيمترنانو 049 الموجي ولالط رو ليزر دوذايال تقييم  

نزال تحرير 
2

رظاه كريم محمذ 
1
   *1نور علي دوين     

 العراق -/ جامعة بغداد  معهد الليزر للدراسات العليا 1

 العراق -الاسنان/جامعة الانبار. كلية طب 2

 

ٌتم فٌه وضع حافة اللثة بشكل قمعً و/او ازالة العظام الداعمة  جراحً إجراء هو التاج إطالة : والمعلومات الخلفية الخلاصة

  .من اجل زٌادة كمٌة بنٌة الاسنان فوق اللثة للاغراض الترمٌمٌة او التجمٌلٌة

نانومتر فً جراحة اطالة التاج التجمٌلً من  049الدراسة هو تقٌٌم فعالٌة لٌزر الداٌود الهدف من هذه  الدراسة: من الهدف

 خلال الملاحظات السرٌرٌة واستبٌانات المرضى والصور السرٌرٌة وشفاء اللثة بعد العملٌة

 لٌزر جراحٌابًاستخدام ( ذكور 5 و انثى 66مرٌضاً) 66 تٌجان إطالة ,تم السرٌرٌة العشوائٌة  الدراسة هذه فً: والطرق المواد

تم استخدام المقٌاس التناظري البصري فً  واط. 6 الطاقة اعدادات مع المستمرة الموجة وضع فً متر( نانو 049) الداٌود

الوظٌفً وحساسٌة الٌوم الاول والثالث والسابع والحادي والعشرٌن بعد الجراحة لتسجٌل الالم والتورم والنزٌف والتداخل 

 جاح من الناحٌة الجمالٌة فضلا عن الرضى العام للمرٌض بناءا على رائً المرٌض والصور الفوتوغرافٌة. الاسنان والن

 بشكل انخفض قد الاسنان وحساسٌة الوظٌفً والتداخل والوذمة والنزٌف الالم حجم ان لاحظنا , الدراسة هذه فً النتائج:

 اٌضاً  تحسن كم , الحالات معظم فً واحد اسبوع بعد تماماً  قٌاسها تم التً المعلومات اختفت , زٌارتٌن اول خلال تدرٌجً

 من المرضى ٌشكو ولم تماما الجروح التئمت وقد , اسابٌع ثلاثة بعد المرضى استدعاء تم . الجمالً والتحصٌل المرٌض رضا

 . الانزعاج من نوع اي

ٌتطلب اطالة التاج تصمٌمًا مثالٌاً لهوامش اللثة. ٌتضمن هذا التشكٌل الدقٌق للانسجة الرقٌقة وهو امر صعب  الخلاصة:

بااستخدام المشرط لكن ٌعطً اللٌزر تحكماً محسناً فً نحت اللثة وٌمكن استخدامه لاالة التاج التجمٌلً. هنالك العدٌد من المزاٌا 

الممتاز مع القلٌل من النزٌف او عدم وجود النزٌف على الاطلاق ,كونه اقل تدخلاً وتعمٌقاً لجراحة اللٌزر ,بما فً ذلك الارقاء 

للجرح مما ٌسبب الماً ومعاناة اقل اثناء الجراحة وبعدها وتعزٌز رضا المرٌض لان العملٌة قصٌرة وغٌر مولمة فً معظم 

افضل للمرضى نظراً لعدمالحاجة الى حزمة اللثة الحالات .اٌضاً فً جراحة اللثة ٌكون هناك انقطاع وظٌفً اقل ورضا 

 لتغطٌة موقع الحراحة .كذلك الشفاء اسرع واكثر جمالٌة عند استخدام اللٌزر للجراحة.
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Abstract: When it comes to applications in welding, cutting, and surface engineering, the utilization of high-

power fiber-delivered beams from solid-state lasers offers several benefits. This paper addresses the issue of 

cleaning the surface of the samples with different spot sizes (50, 100 and 200) (industrial ytterbium fiber laser) 

to prepared it to be welded. Angular laser cleaning with incident angles (5, 10, 15, 20, 25, 30) ° with different 

powers (3, 5, 7, 10) W and hatch distance 0.001 was use for implemented. 

Keyword: angular laser cleaning, spot sizes and ytterbium fiber laser. 

1. Introduction 

Laser cleaning will have a significant impact 

on the future of cleaning operations. 

Environmentally hazardous products can now 

be cleaned without the need of mechanical or 

chemical procedures [1, 2]. Since there is now 

a dedicated community that utilizes lasers for 

this purpose and prominent restoration 

institutes have recognized the new technology, 

the success of laser cleaning for cultural 

heritage has been proven, which has led to an 

increase in the replacement of chemical 

treatments with these new techniques. As a 

result, this has led to an increase in the usage 

of these new techniques in place of chemical 

applications [3,4]. Laser cleaning is a 

technique that employs the use of pulsed laser 

light to either begin the process of removing 

pollution from a surface or to assist in this 

process [4, 5]. The fact that contamination, 

such as micron and submicron-sized particles, 

can have a significant influence on optics, 

semiconductor production, and data storage 

devices because of the way in which they can 

get in the way of certain processes has been a 

driving force behind research in this area. 

Surface laser cleaning difficulties that involve 

soiling substances in the form of microscopic 

particles and films arise in a wide variety of 

human undertakings, including but not limited 

to manufacturing, building, art conservation, 

and medical [7]. Laser cleaning can be 

accomplished. 

1.1. Angular laser cleaning 

Unlike typical laser cleaning, this method 

irradiates the metal surface from multiple 

angles. The laser beam is aimed towards the 

target material at an angular angle of incidence 

appropriate for the target material [15]. as can 

be observed in Figure 1. The beam is aimed at 

the surface at a using a variety of processes, 

including vaporization, spallation, evaporation 

pressure, photon pressure dries, steam, thermal 

heating, and laser shock cleaning [8, 9]. It was 

discovered that the cleaned area irradiated at 

an angular laser cleaning angles was up to 10 

times bigger than the average laser-cleaned 
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area when utilizing a perpendicular angle, 

which means that it is significant to employ in 

angular cleaning [10 -14]. In this study, an 

angular laser cleaning technique is used 

instead of a perpendicular laser cleaning 

technique with varying spot sizes to remove 

the oxide layer from aluminum 4004 alloy, 

which is then ready for welding. variety of 

angles that are less than ninety degrees (angle 

90°). In comparison to traditional laser 

cleaning, this method offers a plethora of 

benefits, one of which is a significant increase 

in cleaning effectiveness. In addition, cleaning 

threshold fluences are decreased at angular 

laser cleaning angles, which, in comparison to 

perpendicular laser.  

 

Fig. 1: angular laser cleaning  

1.2. Aluminum alloy 4004 

Since there is a lot of silicon in the 4000 series 

of alloys, they are not often used for extrusion 

applications. They are used in a lot of things, 

like welding wire and brazing wire, among 

other things. These alloys are used in sheet 

metal, forgings, welding, and brazing 

products, among other things. 4004 aluminum 

alloy could have a Si content of up to 11% 

[17]. To weld 4004 aluminum alloy, the oxide 

layer must be removed first [18 -21]. Because 

of the surrounding environment, the natural 

oxidation layer formed on the aluminum alloy 

4004's surface. cleaning, results in a 

diminished danger of surface damage [16]. 

Figure 2. Illustrated the aluminum alloy 4004.  

 

1.3. Fiber laser 

An industrial ytterbium fiber laser with a 

wavelength of 1064nm was built at the 

University of Baghdad's Institute of Laser for 

Postgraduate Studies. The speed of the laser 

beam scanning was between 2 and 8000 mm/s, 

and the laser power ranged from 1 to 10 W at a 

frequency of 20 to 80 kHz. The pulse width 

was set at 10 s, and the spot size varied from 

50 to 200 m. Figure 3 shows how the fiber 

laser scanned, which looked like a zig-zag.  

Fig. 2:  Aluminium 4004 alloy.  

Fig. 3: scanning strategy of fiber laser zig-zag 

shaped wave.. 

2.  Material and method 

2.1 Material 

The sample used was aluminum 4004 (Al 

90.25% + Si 9.75% ± 0.75%), the material 

standard according to the international 

organization for standardization (IOS) 

equivalents of alloy, manufactured by 

(BAUHAUS, Sweden). Sample dimensions 

2\times2 cm2 and thickness of 2mm. All 

samples were surface cleaned with diluted 

ethanol before using laser cleaning.  
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2.2.  Experiment procedure 

With pulse repetition rate (PRR) (2, 4 , 6 , 

8)Hz, spot size (50, 100, 200)µm and power 

(3, 5, 7, 10) W and hatch 0.001µm with 

angular angles cleaning(θ =5, 10, 15, 20, 25, 

30) °. So, remaining hatch lay outside the 

scope of this paper. A laser cleaning procedure 

has been carried out on aluminum alloy 4004 

to remove a thin oxidation coating. The laser 

used in this work was a microsecond fiber 

leaser (ytterbium fiber laser) with a pulse 

duration of 10 µs and a fundamental 

wavelength of 1064 nm. The laser beam hit the 

target after passing through a quartz lens with 

a focal length of 163mm. This study's angular 

laser cleaning method is illustrated shown in 

Fig. 4. The beam focus on the surface at angles 

(θ =5, 10, 15, 20, 25, 30)°. Table 1. illustrates 

the parameters used at the angular laser 

cleaning process. 

 

Fig. 4: Angular laser cleaning. 

 Table 1: Parameters used in the cleaning process. 

 

 

 

 

 

3. Results and discussion 

3.1. Microstructure of oxidation layer of 

aluminium alloy 

 For spot size 50 µm, figure 5 shows the 

microstructure of the Al- 4004. Figure 5A 

illustrate the oxidation layer of Al-4004 while 

the figures B, C, D, E, F and G illustrated the 

high damaged on the surface of Al -4004 with 

the focus spot sizer 50  µm with less removed 

oxidation layer. While spot size 100 µm, 

Figure 6 shows the microstructure of the 

oxidation layer and the cleaning alloy 4004 at 

powers of 3, 5, 7, and 10 watts, angles of (5, 

10, 15, 20, 25, 30)° and hatch sizes of 0.001 

micrometers. When looking at the surface that 

has not been cleaned, the oxygen rich zone can 

be seen, as seen in Figure 6 A. This region has 

a high roughness, which indicates that the 

oxygen layers are co-exiting. Oxides and 

maybe other chemicals, such as hydrocarbon 

contamination and moisture, are produced by 

the oxygen-rich region's outermost layer. This 

layer also contributes to the formation of 

oxides. Fig 6 B, C and D show that the surface 

of AL-4004 was only partially cleaned using a 

dispersion of Si that was not homogeneous. 

While in Fig. 6 E, F, and G, the power was 

concentrated on the oxidation layer with a 

power of 10W and angles of 20, 25, and 30 

degrees, the laser power was partially reflected 

and lost, and a large amount of laser power 

was absorbed by thin oxidation layer. This 

caused the temperature in the oxidation layer 

to increase rapidly, and when the temperature 

reached or exceeded the vaporization point of 

the material, phase change occurred, and thus 

the oxidation layer disappeared. For spot size 

200 µm, the removed oxidation layer less than 

100 µm best results shows for angles 15- 25 ° 

figures 7 C, D and E.  

3.2. Energy-dispersive X-ray EDX 

In table 2, the chemical composition of 

AL-4004 was shown. EDS was used for 

both qualitative and quantitative analysis. 

After that, the sample was looked at with 

an XRD to find out what its binary phase 

composition was. 

Spot size      50, 100,  200 

Speed 

(mm/sec) 

Hatch 

(µm) 

Frequency 

(KHz) 

Power 

(Watt) 

150 0.001 20 3 

150 0.001 20 5 

150 0.001 20 7 

150 0.001 20 10 
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Fig. 5: SEM images A. pure oxidation layer, B. Al 

-4004 with angle laser cleaning 5°, C. Al -4004 

with angle laser cleaning 10°, D. Al -4004 with 

angle laser cleaning 15°, E. Al -4004 with angle 

laser cleaning 20°, F. Al -4004 with angle laser 

cleaning 25° and G. Al -4004 with angle laser 

cleaning 30°. 

 

 

 

 

 

 

 

Fig. 6: SEM images of spot size 100 µm with 

power 10W A. pure oxidation layer, B. Al -4004 

with angle laser cleaning 5°, C. Al -4004 with 

angle laser cleaning 10°, D. Al -4004 with angle 

laser cleaning 15°, E. Al -4004 with angle laser 

cleaning 20°, F. Al -4004 with angle laser cleaning 

25° and G. Al -4004 with angle laser cleaning 30° 
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Fig. 7: SEM images of spot size 200 µm with 

power 10W A. pure oxidation layer, B. Al -4004 

with angle laser cleaning 5°, C. Al -4004 with 

angle laser cleaning 10°, D. Al -4004 with angle 

laser cleaning 15°, E. Al -4004 with angle laser 

cleaning 20°, F. Al -4004 with angle laser cleaning 

25° and G. Al -4004 with angle laser cleaning 30°. 

Table 2: chemical composition of oxidation layer 

AL-4004. 

Chemical element  Wt.% 

Aluminum  48.9 

Silicon  6.5 

Oxygen  44.6 

 

Following EDS examinations, the atomic 

composition of oxygen is reduced from 44.8 

percent to 42.57 for spot size 50 µm figure 8 

best result showed at angle 25 ° with power 

10W which was 42.9, while the EDS 

examinations for spot size 100, the atomic 

composition of oxygen is reduced from 46.4 

percent to 12.88 percent using spot size 100 

µm respectively in Fig 9. The result indicated 

best-removed oxide at hatch 0.001µm with 

power 10W and for angle 20°.  EDS of spot 

size 200 µm illustrated at figure 10, the 

oxygen percentage increased from 45.33 to 

45.78 best results showed at angle 20 ° with 

power 10 W and it was 44.58.  

 

Fig. 8: EDX analysis of AL 4004 at angles 

(5,10,15,20,25,30) °with hatch 0.001and power 

10W and spot size 50 µm. 

 

Fig. 9: EDX analysis of AL 4004 at angles 

(5,10,15,20,25,30)°with hatch 0.001and power 

10W and spot size 100 µm. 

 

Fig. 10: EDX analysis of AL 4004 at angles 

(5,10,15,20,25,30) °with hatch 0.001and power 

10W and spot size 200 µm. 

 



Iman Sh. T and Ziad A. T., Iraqi J. Laser 22(1), 9-17 (2023) 
 

14 
 

3.3.  Roughness and hardness test 

The vertical variation that has been measured 

over a distance is what is meant when we talk 

about surface roughness. It is possible to 

define it in a number of different ways, 

including by the average roughness (Ra), the 

root mean square roughness (Rq), the height of 

the roughness profile's highest peak (Rp), and 

the depth of the roughness profile's deepest 

valley (Rv), amongst other possible ways. In 

between these two properties is Rq, which is 

more closely connected to the optical quality 

of a surface. Because of this, it is believed that 

the Rq value is associated to laser cleaning 

more closely than the other features. In 

addition, Rv may influence the effectiveness 

of the laser cleaning. In cases where Rv is 

high, the oxide layer may function more 

efficiently. As a result, laser cleaning could be 

challenging:  

    
 

 
 ∫ |    |

 

   

               

Where, f(x) is the surface height measured 

from the mean line and „a‟ is the total distance 

that surface roughness is considered. The laser 

cleaning procedure is affected not only by the 

adherence of the graffiti, but also by the laser's 

absorption at the specific laser strength. 

Increased adhesion will make laser cleaning 

harder. At the same time, as absorption rises 

with constant laser power, laser cleaning will 

be simple. Figures 11, 12 and 13 Shows the 

roughness test results for spot size 50 -200 µm 

respectively, and these results revealed that 

roughness decreased with increasing the laser 

power and the best impact was at 20° angle for 

spot size 100 µm while less roughness 

recorded for spot size 50 µm at angle 10° and 

power 10W while spot size 200 less roughness 

illustrated at angle 30°.  while for the 

hardness, as shown in Figures 14, 15, 16 for 

spot size 50 -200 respectively, these values 

were selected according to the best distribution 

of Si. the behaviour of the curves shows that, 

by increasing the power the hardness value 

increases, the reason behind such behaviour 

for aluminum alloy can be explained as 

follows: first) when laser power density 

increases, the temperature at the surface metal 

increases too, due to the absorption of the laser 

energy, this increase of the temperature allows 

the structure of the alloy to be harder. 

Furthermore, second) the rise in the hardness 

value with the rise of the power might be due 

to the melting of the alloy's surface layer, 

causing decreases of silicon particles size 

below the critical size to fracture, 

strengthening the Al-Si alloy [23, 24]. 

 

Fig .11: The roughness of different angular angles 

with different power with spot size 50. 

Fig. 12: The roughness of different angular angles 

with different power with spot size 100. 

 

Fig. 13: The roughness of different angular angles 

with different power and spot size 200. 
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Fig. 14: The hardness of different angular angles 

with different power and spot size 50. 

 

Fig. 15:  The hardness of different angular angles 

with different power and spot size 100. 

 

Fig. 16:  The hardness of different angular angles 

with different power and spot size 200. 

4. Conclusion 

With the help of an angular laser, the oxidation 

layer was removed from AL-4004 surfaces. 

Using power 10 W and hatch 0.001, cleaning 

at an angle of 20° is more effective than 

cleaning at other angular angles (5, 10, 20, 25, 

30) with power 10W especially for spot size 

100 µm. The oxidation layer was successfully 

eliminated and AL2O3 was reduced by 

cleaning with hatch 0.001. The roughness 

decreased as the cleaning angle and power 

were increased. Hardness was found to rise 

with increasing amounts of silicon particles on 

the alloy surface, as well as with the strength 

and cleaning process used. In order to better 

understand how the technique works, the 

adhesion forces and the cleaning forces 

created by the laser have been taken into 

account, while at 50 and 200 µm different 

behaviour of roughness And hardness at angle 

10° and 30° . 
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 بنقاط ليسر مختلفة 4004التنظيف الساوي الليسري لسبيكة المنيىم نىع 

 زياد اياد طه                                                                  *ايمان شاكر تىفيق

 معهذ الليسر للذراسات العليا/جامعة بغذاد

 الخلاصة

عندها يتعلق الاهس بالتطبيقات والقطع وهندسة الاسطح، فأى استخدام حزم الألياف عالية الطاقة هي ليزز الحالة الصلبة 

( هايكسوهتس )ليزز 055، 055، 05فس العديد هي الفىائد. يتضوي هرا البحث تنظيف الاسطح بنقاط ذات احجام هختلفة )يى

(° 05، 00، 05، 00، 05، 0الألياف الإيتسبيىم الصناعي( لتجهيزها للحام. تن استخدام التنظيف بالليزز بالزوايا التالية )

 5.550ة التنظيف ( وات وهساح05، 7، 0، 0وبقدزات هختلفة )
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Abstract: Microfluidic devices present unique advantages for the development of efficient drug assay and 

screening. The microfluidic platforms might offer a more rapid and cost-effective alternative. Fluids are 

confined in devices that have a significant dimension on the micrometer scale. Due to this extreme confinement, 

the volumes used for drug assays are tiny (milliliters to femtoliters).  

 In this research, a microfluidic chip consists of micro-channels carved on substrate materials built by using 

Acrylic (Polymethyl Methacrylate, PMMA) chip was designed using a Carbon Dioxide (CO2) laser 
machine. The CO2 parameters have influence on the width, depth, roughness of the chip. In order to have 

regular channel surface, and low roughness  the laser power (60 W),  with scanning speed (250 m/s)  for allows 

us to obtain microchannels with a minimum diameter of width  (450 µm),  depth of the channels was 89.4 µm 

and( Arithmetic Average Roughness Ra = 2.3), (Relative roughness, Ɛ = 5%) surface roughness with 

high accuracy and good surface quality.   
The functionalized multiwalled carbon nanotubes (F-MWCNTs) was used to enhance the drug signal inorder to 

detect very tiny Ibuprofen concentration. In this work, laser microfluidic sensor have high accuracy in Ibuprofen 

detection compared to the traditional method(UV-VIS) spectrophotometer with LOD equal to 0.25  nM, 

1000µM respectively. 

  

                 Keywords: microfluidic chip, syringe pump, acrylic, Ibuprofen, grbl laser program, diode laser (532m). 

 

Introduction 
 

Microfluidics is a field of science studying 

fluids (i.e., liquids and gasses) on a microscopic 

scale. Therefore, fluids are confined in devices 

that have a significant dimension (e.g., the 

height or the width) on the micrometer scale[1-

4]. Due to this extreme confinement, the 

volumes used for drug assays and similar 

studies are tiny (milliliters to femtoliters), and 

special physics apply. In short, in a microfluidic 

device there are only laminar flows and no 

turbulences, which grants an extremely high 

control over the fluids employed, diffusion of 

drugs and the progress of reactions [ 5-9]. 
Several types of microfluidic penetrate into 
these micro channels,   

and then some of these fluids are stored in the 
micro channels. Then, these fluids are 
combined with the mixers and create a 
specific reaction. Finally, the final product of 
this reaction will come out of the machine. The 
function of this device can be checked by 
ultraviolet microscopes, etc. Microfluidic 
systems have vast applications that have 
widespread use of the system in medicine and 
biology, as well as in research and laboratory. 
The technology of lab on a chip (LOC) is one of 
the applications of these systems that part of 
the chip acts as a part of the lab. The benefits 
of this technology include high sensitivity, 
isolation, reduced time and cost, high 

reparability and excellent detection[10-13].  

Materials of the Chip Silicon and glass are the 
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earliest substrate materials used in microfluidic 

chips, mainly because they can directly use 

processing methods in the field of MEMS and 

microelectronics. Silicon and glass materials are 

expensive and difficult to process, which have 

been replaced by a variety of low-cost polymer 

materials, such as elastomer materials [14], 

thermoplastic polymers [15], thermosetting 

polymers [16], paper materials [17], biomaterials 

[18], etc. In this paper, the materials used for low 

cost microfluidic chip fabrication are polymer 

materials. 

 Polymeric microfluidic devices have the 

potential to overcome these drawbacks, offering 

advantages of economy and ease of 

fabrication[19]. Poly (methyl methacrylate) 

(PMMA) has been seen as viable alternative, 

due to its good optical and  dielectric properties, 

low glass transition temperature, ease of 

processing [20]. Ibuprofen, 2-(4-

isobutylphenyl)-propionic acid [15687-27-1], is 

non-steroidal anti-inflammatory drug that is 

available in a variety of preparations[21]. It is 

commonly used in treatment of pain and 

inflammation in rheumatoid arthritis and other 

musculoskeletal disorders. Several methods 

have been reported for the determination of 

ibuprofen in pharmaceutical samples and 

biological fluids, including HPLC,gas 

chromatography–mass spectrometry , capillary 

electrophoresis , spectrophotometry and 

spectrofluorimetry[22].   Clinically, it is safe 

and effective for Antipyretic, although the 

analgesic effect is stronger than aspirin, Phenyl 

butazone or acetaminophen, but the mechanism 

of anti-inflammatory and analgesic effect has 

not been completely clarified. one of the 

common skin reactions in the side effects of 

ibuprofen is itching, occasionally ulceration and 

bleeding and skin rash, and stimulation to the 

gastrointestinal tract [23]. The efficacy of 

constructed laser microfluidic sensor fabricated 

by CNC machine to determine Ibuprofen  are 

discussed in this work. The influence of F-

MWCNTs on the determination of the LOD of 

ibuprofen is presented and compared with 

determination of IB using UV-VIS 

spectrophotometer.  

      

2. Materials and method   

2.1. Design& Fabrication of laser Microfluidic                  

system 

 Microfluidic system with two input channels 

and one output. Following modeling, micro-

channel design, infusion pressure 

optimization, and time control are 

investigated. A two-channel microfluidic 

design was built by using polymer (PMMA). 

The microfluidic chip design was created 

using Solid works. The layout of the 

microfluidic chip is show in figure (1a). The 

microfluidic consists of two inlets and one 

outlet. PMMA was fabricated by CO2 laser. 

Two PMMA layers were manufactured with a 

thickness of 2mm a measure (2 cm* 5 cm). 

The first layer contains two inlets and one 

outlet. The second layer is the implementation 

of the design of the wafer shape by laser. The 

end picture of the microfluidic chip is shown 

in figure (b). 

 

      

          
Fig. 1: Two Channel Microfluidic Channel 

Design. (a) Design by Solid works thickness 

2mm. (b) The end picture of the microfluidic chip. 

 

All PMMA,samples after microchannel 

fabrication then cleaned and washed with DI 

water to get rid of polymer residues. A digital 

microscope with (Hitachi, Tokyo, Japan) was 

used to measure the width. Images were taken 

under.10 X focal length. Also confocal,laser 

scanning microscope,(Image -pro Plus 6.0: 

Media Cyberneyics, Washington Dc,USA) was 

used,to measure the depth and Surface 

a 

b 
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roughness of the channel. The fabrication 

process of the PMMA based microfluidic chips. 

Thirdly, the PMMA substrate, was been covered 

with an epoxy resin used as an adhesives, then 

the PMMA 

substrate was attached to another layer of 

PMMA,(same material and same thickness) 

containing holes (Two inlets,and one outlet), 

finally, to seal off the manufactured 

microchannels. The pipes for inlets and outlet 

ports then connected to the holes to finish the 

fabrication process.of the microfluidic chip. 

Inlets, and one outlet), finally, to seal off the. 

manufactured microchannels. The pipes for inlets 

and outlet ports then connected to the holes to 

finish the fabrication process.of the microfluidic 

chip. 

 The construction of the syringe pump system 

needed electrical and mechanical engineering. 

Colorful models and circuits were estimated in 

order to find the stylish design for the below 

reasons. The custom corridor for the injection 

pump were created using SolidWorks design 

software. Cura software was used in 3D printing 

test models of designs on a regular direct printer. 

In order to produce completely cohesive pieces, 

accurate measures were needed. Figure (2a) 

shows the Solid Work assembly of a single 

syringe pump model with all corridors planned. 

The first type was put through its paces to insure 

it had a solid frame and moved easily. Figure2 

(b) depicts the picture of the fabricated syringe 

pump. 

 

     

Figure (3) shows the constructed laser 
microfluidic sensor, which consist of diode 
laser(532nm,20 mW),lens) focal length 1.5 
mm),detector from UNO, Gentec, PH100 & 
PH20 series, china, fabricated double syringe 
pump to provide the pumping of F-MWCNTs 
and Ibuprofen ,microfluidic chip and PC. In this 
sensor the standard solution of Ibuprofen. 

 
             Fig. 3: Set up of laser microfluidic sensor  

 
2.2. Standard solutions 

 Stock solutions of 1 mg/ml of IB were prepared 

by dissolving 100 mg of IB in 100 ml water. The 

solutions were prepared by dilution of the stock 

solutions with the same solvent to reach 

concentration range (250, 500,1000, 4000, 7000, 

9000) µM.   

 

 
Fig. 2: (a) Solid Works design software 3D model  assembly of a double syringe pump (b) fabricated   syringe 

pump assembled with Nema 17 motor and 5mL syringe 
 

 

a 
b 
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3. Result and Discussion 

  3.1. Characterization of Microfluidics Chip 

      In Figure 4(a), microscope images of the 

microfluidic chip fabricated by laser ablation. 

Channels produced using laser ablation exhibited 

a regular shape and clean ablation edge. The 

channel width 450 µm with associated uneven 

topography. Since PMMA has a relatively low 

thermal diffusivity, the intensity distribution 

mostly defines the channel profile. The 

microchannel has a Gaussian-shaped profile as a 

result of laser beam's energy being distributed 

Gaussianly. 

A pool of molten polymer is formed on the 

workpiece surface where the laser beam makes 

contact with it as it advances over the surface. 

The heated gas of the vaporizing polymers 

drives the pool away from the hot point in all 

directions, while the majority of the melted 

material re-solidifies in the 

aftermath of the beam, leaving behind minor 

bumps on the 

             microchannel's borders. The surface 

roughness of the laser ablated microfluidic chips 

was also measured with the help of the laser 

confocal microscope. Figure3( b) shows the laser 

confocal microscope image of the laser-ablated 

microchannel with a laser power of 60 watt and a 

travel speed of 250mm∕s. The surface roughness 

was measured at the inner wall of the fabricated 

microchannels ( Arithmetic Average Roughness 

Ra = 2.3), (Relative roughness, Ɛ = 5%) surface 

roughness with high accuracy and good surface 

quality.   

Also, the laser confocal microscope used to find 

the                 depth of the channels  which is 

equal to 89.4µm. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 4: (a) Showing width of the microfluidic chips via the 

optical microscope images at power of laser is constant at 

60watt &travel speed is 250 mm/s (b) Showing the depth of 

the microfluidic chips via Confocal Laser Scanning 

Microscope. 

 

 3.2. Determination of Ibuprofen concentration 

using the constructed laser microfluidic sensor 

  

Microfludic chip irradiated by Diode lasers (532nm) at     

100   mW by programming the double syringe pump 

using Grbl software. 

  Th         value of the incident beam on the solution was 

obtained inside an acrylic (PMMA) microfluidic 

channel, and the result was displayed by (Uno laser 

power meter mW). The intensity is inversely proportion 

with the increasing in concentration. 

 
 

 
 

Fig. 5: Calibration curve of Ibuprofen as estimated   from laser 

microfluidic sensor 

       Then these results were compared   with the results 
from UV-VIS. Figure (6) represented the calibration 
curve of Ibuprofen that extracted from UV-VIS 
spectrophotometer. 
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Fig. 6: calibration curve of Ibuprofen from UV-VIS 
spectrum 

From figures 5& 6 the precision, recovery, 
linearity, and LOD can be extracted as listed in 
table 1 

Table (1): Parameters of the two analytical methods to 
determine IB concentration  

 

4. Conclusion              

As a new platform, microfluidic instruments offer 
a lot of potential. More than 20 years ago, 
microfluidic technologies started to make a 
difference in biological research. Microfluidic 
devices have a lot of potential. Studies have shown 
that it is a developing Microfluidics technology. 
Owing to their high throughput, great sensitivity, 
and low cost, is invaluable for research, cost, 
reduced material usage, and enhanced 
spatiotemporal control. Additionally, portable 
microfluidic equipment is available.  
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جسيئي متكبمل حسبش ومنخفض التكلفة وسريع مع مضخة حقنبنبء جهبز مىائع   

 

لتحليل الإيبىبروفين   

 

 هذي ساكٍ عزث                      رواء ادًذ فارس

 جايعت بغذاد/ يعهذ انهُزر نهذراساث انعهُا

 

 

يُصاث يُكزوفهىَذَك بذَلًا أكخز سزعت تقذو أجهزة يُكزوفهىَذَك يزاَا فزَذة نتطىَز يقاَست وفذص الأدوَت بكفاءة. قذ تىفز  الخلاصة:

جاو وفعانُت يٍ دُج انتكهفت. تُذصز انسىائم فٍ الأجهزة انتٍ نها أبعاد كبُزة عهً يقُاس يُكزويتز. بسبب هذِ الابعاد انصغُزة ، فئٌ الأد

 انًستخذيت فٍ فذىصاث الأدوَت صغُزة )يهُهتز إنً فًُتىنتز(.

هىَذَك يٍ قُىاث يُكزوَت يُذىتت عهً يىاد ركُزة يبُُت باستخذاو شزَذت أكزَهُك )بىنٍ يُخُم فٍ هذا انبذج ، تتكىٌ شزَذت يُكزوف 

(. تؤحز يعهًاث حاٍَ أكسُذ انكزبىٌ عهً عزض وعًق CO2( تى تصًًُها باستخذاو آنت نُزر حاٍَ أكسُذ انكزبىٌ )PMMAيُخاكزَلًث ، 

و / ث( نهسًاح  250واط( ، يع سزعت يسخ ) 00وخشىَت يُخفضت ، قىة انهُزر )وخشىَت انزقاقت. يٍ أجم انذصىل عهً سطخ قُاة يُتظى ، 

انخشىَت يُكزويتز و )يتىسظ  0..4يُكزويتز( ، وكاٌ عًق انقُىاث  050نُا بانذصىل عهً قُىاث صغُزة بقطز أدًَ يٍ انعزض )

 جُذة. ٪( نهسطخ بذقت عانُت وجىدة سطخƐ = 5( ، )انخشىَت انُسبُت ، Ra = 2.3انذسابٍ 

( نتعزَز إشارة انذواء يٍ أجم اكتشاف تزكُز الإَبىبزوفٍُ F-MWCNTsتى استخذاو الأَابُب انُاَىَت انكزبىَُت يتعذدة انجذراٌ انىظُفُت )

ا. فٍ هذا انعًم ، َتًتع يستشعز انًىائع انذقُقت بانهُزر بذقت عانُت فٍ انكشف عٍ الإَبىبزوفٍُ يقارَت بًقُاس انطُف ا نضىئٍ انقهُم جذا

 يُكزويتز عهً انتىانٍ. 1َاَىيتز ،  250َساوٌ  LOD( يع UV-VISبانطزَقت انتقهُذَت )
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Abstract: Background: Optical biosensors offer excellent properties and methods for detecting 

bacteria when compared to traditional analytical techniques.  It allows direct detection of many 

biological and chemical materials.  Bacteria are found in the human body naturally non-pathogenic and 

pathologically, as they are found in other living organisms.  One of these bacteria is Escherichia coli 

(E. coli) which are found in the human body in its natural and pathogenic form. E.coli bacteria cause 

many diseases, including Stomach, intestines, urinary system infections, and others. The aim of this 

study: is sensing and differentiation between normal flora and pathogenic E.coli. Material and 

method: The optical biosensor constructed of a multi-mode – no core- multi mode optical fibre that 

differentiates between pathogenic and non-pathogenic bacteria of E.coli by measuring the changing for 

light intensity using source of light 410nm laser diode.  Multi-mode - no core - multi-mode optical fibre 

(MM-NOC-MM) connected to the OSA analyser (HR2000) by means of an adapter and finally 

connected to a computer to show the results. Results: The intensity of the transmitted light recorded in 

the case of pathogenic bacteria is less than the intensity of the transmitted light recorded in the case of 

non-pathogenic bacteria. Conclusion: these results were obtained because of the ideal and better choice 

of the wavelength of the laser used with its absorption E.coli bacteria.  

Introduction

Normal flora are the microorganisms that 

live on the surface or inside another living 

organism (human or animal) or inanimate 

object without  causing disease ((Wang et 

al., 2017)). Sometime it is called 

commensal because of their permanent 

presence on body surfaces even if covered 

by      epithelial cells and are even exposed 

to the external environment (e.g., 

respiratory and gastrointestinal tract, 

genital, hair, etc.) ((Dekaboruah et al., 

2020)).Normal flora plays an important 

role in immunity and inflammation. 

Significance of the normal Flora for their 

host is very important. They directly 

influences the anatomy, physiology, 

immunology, even susceptibility to true 

pathogenic organisms, and even 

morbidity-mortality of the host; in short 

terms, it affects the homeostasis of their 

host (Best et al., 2019). Microbial normal 

flora has spatio-temporal involvement that 

differs individually, regional body niche, 

age, geographical location, health 

condition, diet and also by type of host 

((Lloyd-Price et al., 2016)) .   

Pathogenic bacteria: The oldest bacterial 

pathogens in microbiological strain 

collections date from the 1890s, soon after 

medical bacteriology was introduced 

Pathogenic microorganisms cause various 

mailto:thaer.farhan1202a@ilps.uobaghdad.edu.iq
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infectious diseases and even death. Despite 

early triumphs over infectious diseases 

with the development of vaccines and 

antibiotics, new and multidrug-resistant 

pathogens are continuously emerging (Yoo 

& Lee, 2016).  

Escherichia coli (E. coli) Escherichia coli 

is a facultative anaerobic microorganism 

found in the gastrointestinal tract of warm-

blooded animals, with which it maintains a 

mostly symbiotic relationship. E. coli has 

also been found in soil, water, and 

sediments not directly influenced by 

sewage discharges. Besides commensal 

strains, there exist also pathogenic variants 

of E. coli, capable of causing either 

intestinal or extra intestinal diseases. 

Pathogenic strains were probably derived 

from commensal strains following the 

horizontal acquisition of chromosomal and 

extrachromosomal   genes and operons, as 

well as gene loss (Tallon et al., 2005; 

Whitman et  al., 2006; Tenaillon et al., 

2010) Some E. coli strains can cause a 

wide variety of intestinal and extra-

intestinal diseases, such as diarrhea, 

urinary tract infections, septicemia, and 

neonatal meningitis (Clermont et al.,2000)  

Phylogenetic analyses have shown that    

E.coli strains fall into four main 

phylogenetic groups (A, B1, B2, and D) 

and that virulent extra-intestinal strains 

belong mainly to group B2 and B1, to a 

lesser extent, to group D, whereas most 

commensal strains belong to group A. 

These studies have also given us a better 

understanding of how pathogenic strains 

acquire virulence gene. E.coli is one of the 

most important and prevalent bacterial 

types in causing urinary tract infections in 

women, and it constitutes more than 80% 

of pathogens because it is a natural plant 

inside the human body. From sticking to 

the epithelial lining of the urinary tract, 

these bacteria have the ability to survive 

and gather for a long time inside the 

urinary tract of the host to be able to avoid 

the body's immune response and resistance 

to antibiotics and make it capable of 

causing repeated infections of the urinary 

tract(Journal, 2014). Biosensor: A 

biosensor is a device that contains a 

biological sensing element that is closely 

associated or integrated with a transducer. 

The common aim is to produce a digital 

electronic signal that is proportional to the 

concentration of a particular chemical or 

set of chemicals.  ((Shatti & Al-ameri, 

2021)) The seemingly bizarre connection 

of two opposing disciplines combines the 

specificity and sensitivity of biological 

systems with the computing power of the 

microprocessor. This emerging technology 

transcends many traditional academic 

frontiers and offers a powerful new tool 

that threatens to radically change the way 

we think about analytical science. (Pandey 

and Malhotra 2019) In general, biosensors 

consist of a bio receptor, the recognition 

element responsible for capturing the 

target analyse, and a transducer, the 

properties of which are modified by the 

binding of the analyse as shown in figure 

(1). (Peltomaa et al. 2018) The biological 

component of a biosensor used for 

molecular detection consists of highly 

specialized macromolecules or complex 

systems with corresponding selectivity and 

sensitivity. Biosensors can be classified 

according to the bio components used for 

detection. (Hossain and Mansour 2019). 
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Fig. 1:  Biosensor system detection ((Saleh, 2020) 

 

Types of Biosensors: Biosensor is 

classified according to: 

1. Bio-elemnt (Molecular, Cell-based, 

Tissue-based) 

2. Transducer (Optical, Mechanical, 

Electrochemical) 

3. Principle of operation (Fluorescence, 

Surface plasma resonance,     

Absorbance\reflectance, Piezoelectric, 

Surface acoustic wave, Cantilever 

resonance frequency, Amperometric, 

Potentiometric, Impedimetric  (Alageedi & 

Alameri, 2019) as shown in the figure (2).

 

Fig.  2: Types of biosensors (Salam & Alabd, 2019) 

In general, optical sensors can be 

distributed into four classes based on 

changing in light parameters such as 

polarization modulation intensity 

modulation, wavelength modulation, and 

phase modulation.( Alameri et al. 2020)
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Basic Design of the Optical Biosensor 

consisting of: 

A. Light source (LED, laser, and other 

types). 

B. An Optical fibre. 

C. The sensing element (translating the 

measured into optical signal). 

D. Optical detector and electronic 

processing (spectrum analyzer, 

oscilloscope, etc.). 

optical systems have:  been   an   important 

target  by  many  researchers.  Because, it 

has been applied in many fields. Optical  

fibres are  uses  in  different  applications 

like  fibre sensing,  spectroscopic  

analysis,  optical  fibre laser,    and    

optically filtering. (Kareem & Mansour, 

2022) 

 

Material and Method: Samples were 

collected from a group of patients in Al-

Diwaniyah Teaching Hospital with 

diarrhea, intestinal infections and urinary 

tract infections, as well as from a group of 

healthy people. The probes were taken, 

sterilized, and taken to the laboratory. 

They were cultured on special and 

differential culture media and incubated at 

37°C for 18-24 h. 

 Subsequently, biochemical and antibiotic 

sensitivity tests were performed as well as 

the Vitec 2 device to confirm the diagnosis  

 

 

Table(1): showing biochemical test for E.coli bacteria 

citrate Methyl 

red 

indole urea’s catalase oxidase Gram 

stain 

Blood 

agar 

Lactose 

fermenting 

MacConkey agar 

- + + - + - -  ve variable + 

 

The Optical Biosensor Setup: 

  1- multimode- no core - multimode 

optical fibre 40cm in length was 

considered as the conventional optical 

fiber, a segment about 3 cm in length was 

made in the middle of the fibre(no core 

fibre) using a cutter to make .finally using 

hydrofluoric acid 40% for 20 min to 

etching the clading so that the diameter of 

the optical fiber after etching becomes 75 

µm by viewing and measuring it under a 

microscope ding (A small drop of the 

bacterial solution is placed on it to detect 

and differentiate the bacteria) . 

2- The whole fibre (40) cm was put on the 

plate using a adhesive.  

3- The two ends of fiber were connected 

with an adapter device  

 An adapter is used for connecting the 

optical fiber with the laser from one side 

and the spectrum analyzer (OSA) from the 

other side. standard type connectors such 

as FC, SC, ST, LC, MTRJ, or SMA  

4- First end connected with laser source 

(diode laser) power supply. The light 

source had been used in this experiment 

was Blue laser with λ= 410nm and output 

power = 40 mw .This source of laser has a 

power supply which is stable at all the 

time of use it. Selecting this light source 

was because the absorption spectra of the 

bacteria samples covered this wavelength 

 5- The second end connected with 

spectrometer (ocean HR2000) and 

computer to obtain signal of intensity as 

shown in figure An optical spectrum 

analyzer (ocean optics HR2000) with 
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(0.065nm) resolution was used to display 

transmission interference spectrum of the 

sensor.  

The spectrometer type (ocean optics 

HR2000), have the following 

characteristics: 

Operating in the wavelength range from 

200nm to 1100nm 

-Resolution are 0.065nm of the high 

wavelength 

-At full signal, the signal-to-noise – ratio 

are 250:1 

Fig.  3:  Basic Elements of a Fiber Optic Sensor(Lang et al., 2019) 

Statistical analysis: 

The data were analysed using the Microsoft 

Excel 2021 and Statistical Package for Social 

Sciences (SPSS IBM-version 26.0) software. 

The results reported in this study were 

expressed as mean ± SD (Standard Deviation) 

and frequencies were expressed as percentages 

on tables and graphs. Chi-square, independent 

T-test, and ANOVA were used to examine the 

degree of significance. Probability values (p-

value) less than 0.05 were regarded as 

significantly different while probability values 

less than 0.01 were regarded as highly 

significant .   

 

 

Result and discussion: 

Biological measurement The positive and 

negative biochemical tests that were performed 

on the bacterial colonies of E.coli can be seen 

as shown in Table (1).  The laser  intensity of 

normal and pathogenic E.coli was measured by 

the sensor MM.NOC.MM as shown in Table   

( 2, 3).  Through the shape of the peaks, we can 

see the unique shape of the peak of laser  

intensity according to the type of fibre used, 

the absorption of bacteria to laser wavelength  

and the laser source used(410nm).  Through 

the study, it was found that the laser intensity 

measurement of pathogenic E.coli bacteria is 

less than that of non-pathogenic E.coli bacteria 

due to the higher absorption of pathogenic 

bacteria because it contains virulence factors, 

as shown in the figure(4) and figure(5)
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Table 2 (pathogenic E.coli): Show results of  sample intensity, Peak wavelength nm (air),  

FWHM(pm)air). 

Sample no 

 

Intensity Peak wavelength nm (air) FWHM 

(pm)air 

Source 1.000000 406.0802002 820.1606058 

1 0.6932 406.5158 447.0406 

2 0.6301 406.5158 772.9235 

3 0.7026 406.5158 662.4109 

4 0.7295 406.5158 587.2161 

5 0.6036 406.5158 671.4633 

6 0.8087 406.7337 661.1219 

7 0.6848 406.5158 658.2355 

8 0.7995 406.5158 634.9289 

9 0.6937 406.5158 700.9178 

10 0.7523 406.5158 661.4069 

 

 

 

 

 

 

Fig. 4: show intensity peak in pathogenic E.coli  

 

 
In

te
n

si
ty

 

Wavelength(nm)         

Sample 1…. Sample 2….  Sample 3…. Sample 4….sample 5…. Sample 6….sample 7…. 

sample 8….sample 9…sample10….sample(source) 
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Table 3: (E.coli   normal flora): Show results of  sample, intensity, Peak wavelength nm (air),  

FWHM(pm)air. 

Sample 

no 

Intensity Peak wavelength nm (air) FWHM 

(pm)air 

source 1.000000 406.0802002 820.1606058 

1 0.8381 406.5158 882.4570 

2 0.8229 406.5158 791.3645 

3 0.9287 406.5158 634.3673 

4 0.9134 406.5158 684.9534 

5 0.8962 406.7337 706.9323 

6 0.9063 406.5158 739.3869 

7 0.8386 406.5158 767.2167 

8 0.9340 406.5158 717.5493 

9 0.8728 406.5158 812.7075 

10 0.9125 406.2980 886.8341 

 

 

Fig. 5: show laser intensity peak(410nm) in  Normal flora E.coli 

 

 

 

 

sample 1….  Sample 2…. Sample 3…. Sample4…. Sample 5…. Sample 6….sample7 

sample 8….sample 9…. Sample 10…. Sample(source)  
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Conclusion: 

The use of   optical biosensor multimode – 

no core -  multimode fibre with a 410nm 

laser source to sensing  and differentiate 

between normal and pathogenic bacteria of 

E.coli .  Through the study, we found that 

laser  intensity  (410nm)  in state the 

normal flora bacteria higher than intensity 

laser (410nm) in state the pathogenic 

bacteria because the pathogenic bacteria 

contain many virulence factors(higher 

absorption).  The biosensor is more 

accurate, quick to diagnose and less 

expensive. 
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 لٍزر باستخذام قولووٍةال ا الطبٍعٍة والممرضة  للاشرٌكٍه البكترٌ الاستشعار والتفرٌق بٍه 

 واوومتر 014 دٌود

 العامري حسه محمذ لٍلى     الخزاعً عكاب فرحان ثائر 

 انعشاق ، بغذاد جايعت ، انعهٛا نهذساساث انهٛضس يعٓذ

 الخلاصة

انًستشعشاث انحٕٛٚت انضٕئٛت خصائص ٔطشلاً يًتاصة نهكشف عٍ انبكتٛشٚا عُذ يماسَتٓا بتمُٛاث انتحهٛم تٕفش 

انتمهٛذٚت. ٚسًح بانكشف انًباشش عٍ انعذٚذ يٍ انًٕاد انبٕٛنٕجٛت ٔانكًٛٛائٛت. تٕجذ انبكتٛشٚا فٙ جسى الإَساٌ 

 . ، كًا تٕجذ فٙ انكائُاث انحٛت الأخشٖ بشكم طبٛعٙ غٛش يسببت نلايشاض ٔ إَاع  اخشٖ يسببت نلايشاض

ٔانتٙ تٕجذ فٙ جسى الإَساٌ بشكهٓا انطبٛعٙ   Escherichia coli (E. coli) ٔاحذة يٍ ْزِ انبكتٛشٚا ْٙ

ٔانًًشض. تسبب بكتٛشٚا الإششٚكٛت انمٕنَٕٛت انعذٚذ يٍ الأيشاض ، بًا فٙ رنك أيشاض انًعذة ٔالأيعاء 

ٔغٛشْا. انٓذف يٍ ْزِ انذساست ْٕ الاستشعاس ٔانتفشٚك بٍٛ بكتٛشٚا الإششٚكٛت ٔانتٓاباث انجٓاص انبٕنٙ 

انمٕنَٕٛت انطبٛعٛت ٔانًًشضت. انًٕاد ٔانطشق: انًستشعش انحٕٛ٘ انبصش٘ انًصُٕع يٍ أنٛاف بصشٚت يتعذدة 

لأيشاض يتعذدة الأٔضاع تًٛض بٍٛ انبكتٛشٚا انًسببت نلأيشاض ٔغٛش انًسببت ن -بذٌٔ َٕاة  -الأٔضاع 

 014نلإششٚكٛت انمٕنَٕٛت عٍ طشٚك لٛاط انتغٛش فٙ انشذة  نطٕل يٕجت انهٛضس باستخذاو يصذس ضٕء نٛضس 

 يتصهت بًحهم  (MM-NOC-MM)يتعذدة الأضاع –لا َٕاة  -َإَيتش. أنٛاف بصشٚت  يتعذدة الأٔضاع 

OSA (HR2000) انُتائج: شذة انضٕء عٍ طشٚك يحٕل ٔأخٛشاً يتصهت بجٓاص كًبٕٛتش لإظٓاس انُتٛج .ّ

انًشسم انًسجم فٙ حانت انبكتٛشٚا انًسببت نلأيشاض ألم يٍ شذة انضٕء انًشسم انًسجم فٙ حانت انبكتٛشٚا غٛش 

انخلاصت: تى انحصٕل عهٗ ْزِ انُتائج بسبب الاختٛاس الأيثم ٔالأفضم نطٕل يٕجت انهٛضس انًستخذو .انًًشضت 

 .يع بكتٛشٚا الإششٚكٛت انمٕنَٕٛت
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Abstracts:  

Background: The oral cavity is a complex environment, both structurally and functionally, the hard and 

soft tissues are in close a proximity. Oral tissues subjected to wear throughout the life, that threatened the 

vitality of the pulp or increase the sensitivity of dentinal tubules. One of the common dental problems is 

loss of enamel or cementum, which stimulate the nerve ending in or near the pulp and manifested as pain 

sensation. Aim of the study: This study had done to evaluate the effects of 980nm diode Laser in 

diameters reduction of exposed dentinal tubules analyze the results and morphological changes of 

irradiated dentine surface by FE-SEM (field emission scanning electron microscope) analysis.  Material 

and Method: Thirty-nine human extracted impacted 3
rd

 molar teeth were tested in this study and divided 

into control Group (N=15), pilot study (N=9) and study group (N=15).  The study group irradiated with 

980nm diode Laser to the occlusal surface of the teeth after the application of 17% EDTA (Ethelyn 

diamine tetra acetic acid) for smear layer removal. The intra-pulpal temperature recorded for every 

second and monitored for 120s from the first second of irradiation by a thermometer (prośket MT-1820, 

1st Edition, 2016, Taiwan), for detection the recovery time of initial tooth temperature.  FE-SEM analysis 

to all teeth (control, pilot and study groups) for assessment the morphological changes after surface 

irradiation. Results: FE-SEM analysis to the irradiated surface show significant reduction in diameters of 

the exposed dentinal tubules irradiated by 980nm diode Laser. Conclusion: The selected parameters 

(1.5W/10s, 276.3W/cm
2
) were able to seal exposed dentinal tubules without any sign of cracks or 

fissures. Suggestion: The parameters used with this study (1.5W, 10s, 276.3W/cm
2
) can be utilize in the 

future treatment protocol to the management of dentinal hypersensitivity.    

 Key wards: Dentine hypersensitivity; etiological factors; Dental pain; Diode Laser; scanning electron microscope.  
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Introduction: 

       Dentine hypersensitivity (DH) is a most 

frequently encountered dentist in daily work and 

most widespread oral pathological problem 

(Amino shariae et al, 2021). Any procedure, that 

cause a change in the architecture of the 

protective enamel and dentine layers, may lead 

to pulpal inflammation and increased thermal 

sensitivity, Besides the procedures that increases 

dentine permeability through the alterations to 

the integrity of the enamel and dentine such as; 

decay, trauma, and tooth wear can give rise to 

symptoms of dentinal hypersensitivity (Ansari et 

al, 2013). DH is characterized by localized, 

short, sharp pain in exposed dentine in response 

to external thermal, mechanical, chemical, or 

osmotic stimuli, which cannot be attributed to 

any other form of dental defect or pathology, it 

may be associated with a number of factors 

including erosion, abrasion, attrition and may be 

associated with periodontal treatments or 

surgery (Bamise et al, 2011). DH manifested by 

an exaggerated response of exposed dentine to a 

nonharmful stimuli (mechanical, thermal, tactile, 

chemical or osmotic), that usually cause no 

response in a healthy tooth (Boreges et al, 2012). 

According to the hydrodynamic theory, as 

believed by [Brannström & Astrom [1963], the 

fluid movement in response to external stimuli 

can stimulate the pulpal afferent (Aδ) fibers in or 

near the pulp that produce pain sensation 

(Bordin et al, 2019). The velocity of fluids 

movement in dentinal tubules depends on the 

nature of stimuli, in thermal stimuli the cold 

applications cause contraction of fluids, that 

evoke rapid movement of fluids than hot stimuli, 

while hot stimuli cause expansion of fluids. So, 

the cold stimuli cause more painful sensation 

than hot one (Bubteina et al, 2015). The 

prevalence rate of dentinal hypersensitivity 

ranging (8-74%) among population, the 

appearance of the disease and prevalence 

distribution differs due to the differences in 

dietaries, populations and habits being more 

frequent in patients aged between 30 and 40 

years (Borges et al, 2012). The treatment 

strategies of dentinal hypersensitivity either self-

applied (in-home) or proficient-applied (in-

office) depends on two ways; nerves blocking 

and/block the dentinal tubules to reduce the 

fluids movements in exposed dentine (Bamise et 

al, 2011). The conventional desensitizing agents 

with variables form (varnish, gels, or restorative 

materials) have a limit potential effect on 

dentinal hypersensitivity, that need frequent 

sessions or re-applied after a period of time 

(Chetan et al, 2022). Different laser types have 

been tested for dentinal hypersensitivity 

treatment. Laser can be applied in two levels, 

high level Laser therapy (HLLT) with energy 

density more than (4 J/cm
2
) and Law level laser 

therapy (LLLT), so the optical effects on 

biological tissues differs accordingly (Cristina et 

al 2017). The HLLT occludes dentinal tubules 

by melting and re-solidifying effects. While, the 

LLLT have photo-biomodulation (PBM) effects 

on biological tissues (Cronshaw et al, 2022). 

PBM effects in dentine sensitivity are; analgesic 

effect and an increase in cellular metabolic 

activity of the odontoblasts. Thus, enhance the 

production of tertiary dentine or reparative 

dentine. So, reduce the symptoms of 

hypersensitivity. The bio-modulatory effects of 

LLLT through minimize pain sensation, and 

reduce inflammatory processes (Femiano et al, 

2020).  The applications of lasers can be used 

mainly in two forms, by means of direct and 

indirect method, respectively. The direct method 

involves only the use of lasers and indirect 

method involves application of certain chemical 

agents (NaF or SnF2) and then irradiating the 

area with the lasers (Chetan P. Raut et al, 2022). 

The combined laser treatment and fluoridation 

result in permanent integration of fluoride in the 

dentinal tubules that give immediate and prolong 

results, due to synergistic effects of Fluoride 

with Laser (Femiano et al, 2013). This research 

study was carried in an attempt to select more 

suitable parameters with 980nm diode Laser, 

that give powerful reduction in diameters of 

exposed dentinal tubules with tooth temperature 

elevation below the breakdown tolerance of the 

pulp (5.5
0C

). 

Material and Method;  

1.Sample collection and preparation: 

        Thirty-nine Human, extracted, impacted 3
rd

 

teeth were used in this study. Any fractured, 

carious or cracked teeth were excluded. The 
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outer surface of the teeth cleaned from debris 

and remnant cementum with ultrasonic scaler 

and then the teeth had immersed in thymol 

solution (0.1%) for 24 hours to prevent bacterial 

growth and perceived the lubrication of the 

samples. The teeth were suctioned transversely 

(1mm) apical to cementoenamel junction with a 

double-faced diamond bur (22mm) under water 

cooling with contra-angled handpiece at law 

speed (300 rpm), the contra-angled handpiece 

fixed to Surveyor holding by a clamp and the 

tooth fixed to the tooth holder (Prośket PD-376, 

Taiwan) for cutting, then one canal prepared 

with SX-file V-Taper, irrigated with distilled 

water and then dried with paper  points, the 

probe of thermocouple inserted in prepared 

canal opposite to the irradiated surface and the 

other end of thermocouple was fixed to the 

apical orifice of the root with light cure 

composite resin for proper sealing from the outer 

environments. The suctioned surface of teeth 

polished with non-Fluoride paste for (30s) and 

dried with air blast for (30s), then the surface 

coated with 17% EDTA (Ethylene diamine tetra 

acidic acid) for (three min.) according to 

manufactured of smear layer removal, then the 

teeth immersed in ultrasonic cleaner for (two 

min.) and dried with air blast for (30s), then the 

samples are ready for irradiation with (980nm) 

diode Laser. The teeth are fixed in water path 

with temperature fixed at 37℃ to approximate 

the temperature of the oral cavity, the other end 

of thermocouple connected to the thermometer 

for monitoring the tooth temperature while 

irradiated the dentine surface. The initial 

temperature recorded, that represents the pulp 

roof temperature is (τ1) and the maximum 

temperature recoded at the exposure time is (τ2), 

the change in tooth temperature during 

irradiation is calculated by (Δτ = τ2- τ1). Pulp 

chamber temperature monitored for 120s from 

the first second of irradiation time to record the 

time of temperature recovery of the tooth.         

2.Irradiation and temperature 

measurement for the study group:  

     This study done on 15 teeth for the study 

Group (G1), the root of the teeth immersed in 

water path with the probe of thermocouple in 

position, the teeth fixed with a stainless- steel 

rack, the handpiece of diode Laser fixed with a 

clamp 1mm from the irradiated dentine surface. 

According to the previous two pilot studies the 

selected parameters were (1.5W/10s), that are 

used in this study, the power density was 

(276.3W/cm
2
), that had determined by 

measuring the spot size which was 

(542723.690µm
2
), then  after 40s when the pulp 

roof temperature reaches the steady state in 

water path, the teeth irradiated with 980nm 

diode Laser and the temperature recorded every 

second for 120s, which was (10s) exposure time 

and (110s) observation time, for recording the 

maximum temperature elevation within 

exposure time and the recovery time for the 

irradiated tooth within observation period.             

3.SEM measurement:  

       An SEM study was conducted to evaluate 

the extent to which the applied treatment method 

blocked the exposed dentinal tubules. All the 

teeth in this study (control, pilot and study 

group) analyzed with FE-SEM from (Inspect™ 

F50, FEI, Europe) to evaluate the morphological 

changes to the irradiated dentine surface. First, 

the specimens were numbered and attached to 

the single target plasma coater under pressure 18 

Pa, 11mA for 20s, then the samples were placed 

in FE-SEM device for evaluation the 

morphologic changes in dentine surface with 

comparison to the morphology of control group 

and under magnification taken to each sample at 

(2500X, 5000X and 10000X). 

Results: In the present study, the diameters of 

exposed dentinal tubules assessed for control 

and the irradiated dentine surface for G1, with 

FE-SEM analysis as show in figure (1) in page 

(4). Statistical analysis was performed using the 

SPSS (v 20, France) for Windows. Post hoc 

test shows significant reduction (P value≤ 0.05) 

in diameter for study group (G1) after irradiation 

with (1.5W, 10s, 273.6W/cm
2
) 980nm diode 

Laser, the mean value of diameters for G1 was 

(0.66µm), while for control group was 

(1.79µm).  

   There was very high significant difference 

between control group and G1 regarding the 
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diameters mean values (P≤0.001) as in Table 

(1), Figure (2).                                                                            

 

 

 

Fig. 1: shows FE-SEM analysis A-control group B-

study group mag. 10000X 

 

 

 

 

       Table (1): post hoc test G1 with control group 

 

 

 

Fig. 2: shows FE-SEM analysis A- control group 

mag 5000X B-study group   mag. 10000X.     

 

     

  

DIAMETER Tested group  

CONTROL G1 P 
VALUE 

N 15 15 0.001 

Mean B 
1.79 

A 
0.66 

Std. Error 
of Mean 

0.02 0.13 

Post hoc test was used to calculate the 

significant differences between tested mean, 

the letters (A, B) represented the levels of 

significant, highly significant start from the 

letter (A) and decreasing with the last one. 

Similar letters mean there are no significant 

differences between tested mean 
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    Test of Normality done by Kolmogorov- 

Smirnov
a 

and Shapiro-Wilk tests for the 

exposure time (10s) and the observation 

time (110s) for G1, which were normally 

distributed data. Descriptive statistics for 

observation time (110s) was done and Post 

hoc test for comparison between tested 

mean. There was significant tooth 

temperature elevation in time duration (11-

20s) within   the observation time and 

gradual reduction in temperature mean 

values as in table (2).  

 

                                                                                                                   

                                                                                                                     Table (2):  post hoc test for observation time (110s) 

 

     

  Dunnett test was done for the exposure time 

(10s) in comparisons of the tested mean with 

the initial tooth temperature, there were 

significant differences in tooth temperature 

mean values from the initial temperature 

mean values.  

 

 

Table (3) shows the differences in page (6), 

and post hoc test for (10s) was done to 

determine the significant time in which 

maximum tooth temperature reaches within 

exposure time, which were in (S8, S9 AND 

S10) as in table (4) in page (6).  

 

 

G1:980nm 
Diode 
Laser  

 

DESCRIPTIVE STATISTICS G1  
 

*P 
value  

Exposure 
time 

                                                 Observation time 

G1 S1-
S10 

G1 
S11-
20 

G1 
S21-
30 

G1 
S31-
40 

G1 
S41-
50 

G1 
S51-
60 

G1 
S61-
70 

G1 
S71-
80 

G1 
S81-
90 

G1 
S91-
100 

G1 
S101-
110 

G1 
S111-
120 

N 150 150 150 150 150 150 150 150 150 150 150 150  
 
 
 
 

 0.01 

Mean 37.65 A 
38.05 

B 
37.78 

C 
37.51 

D 
37.24 

D 
37.13 

D 
37.05 

E 
36.94 

E 
36.89 

E 
36.89 

E 
36.89 

E 
36.89 

Std. Error 
of Mean 

0.04 0.02 0.02 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 

Median 37.76 38.11 37.83 37.46 37.23 37.13 37.10 37.00 36.99 37.00 37.00 37.00 

Std. 
Deviation 

0.48 0.24 0.20 0.14 0.04 0.04 0.07 0.12 0.12 0.12 0.12 0.12 

Minimum 36.47 37.52 37.43 37.31 37.15 37.04 36.83 36.69 36.69 36.70 36.70 36.70 

Maximum 38.36 38.37 38.07 37.77 37.33 37.20 37.11 37.08 37.00 37.00 37.00 37.00 

*Calculate the significant value of the observation time only, the exposure time not involved //Post hoc test was used 

to calculate the significant differences between tested mean, the letters (A, B, C, D, and E) represented the levels of 

significant, highly significant start from the letter (A) and decreasing with the last one. Similar letters mean there are 

no significant differences between tested mean. 
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                         Table (3): Dunnett test (2 sided) for multiple comparisons depended variables: Temp.  

        

Table (4): Post hoc test between tested mean for exposure time (10s)

G1:980 
nm 

without 
Graphite 

paste 
 

G1S1 G1S2 G1S3 G1S4 G1S5 G1S6 G1S7 G1S8 G1S9 G1S10 P 
value 

Mean E 
36.74 

D 
37.06 

C 
37.33 

C 
37.55 

B 
37.72 

B 
37.87 

B 
37.97 

A 
38.05 

A 
38.11 

A 
38.11 

 
 
 
 

0.001 
 

Std. Error 
of Mean 

0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 

Median 36.81 37.12 37.38 37.58 37.75 37.89 37.99 38.07 38.13 38.16 

Std. 
Deviation 

0.15 0.14 0.14 0.15 0.16 0.16 0.17 0.18 0.18 0.19 

Minimum 36.47 36.78 37.03 37.24 37.40 37.54 37.64 37.71 37.76 37.79 

Maximum 36.92 37.23 37.48 37.71 37.91 38.07 38.19 38.27 38.33 38.36 

Post hoc test was used to calculate the significant differences between tested mean, the letters (A, B, 

C, D, and E) represented the levels of significant, highly significant start from the letter (A) and 

decreasing with the last one. Similar letters mean there are no significant differences between tested 

mean 

 

(I) GROUPS (J) GROUPS Mean 

Difference (I-

J) 

Std. 

Error 

Sig. 95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

G1S2 G1S1 INITIAL TIME .31790
*
 .05938 .000 .1563 .4795 

G1S3 G1S1 INITIAL TIME .58426
*
 .05938 .000 .4227 .7458 

G1S4 G1S1 INITIAL TIME .80413
*
 .05938 .000 .6425 .9657 

G1S5 G1S1 INITIAL TIME .98229
*
 .05938 .000 .8207 1.1439 

G1S6 G1S1 INITIAL TIME 1.12329
*
 .05938 .000 .9617 1.2849 

G1S7 G1S1 INITIAL TIME 1.23145
*
 .05938 .000 1.0699 1.3930 

G1S8 G1S1 INITIAL TIME 1.31082
*
 .05938 .000 1.1492 1.4724 

G1S9 G1S1 INITIAL TIME 1.36524
*
 .05938 .000 1.2037 1.5268 

  G1S10 G1S1 INITIAL TIME 1.39828
*
 .05938 .000 1.2367 1.5599 

  G1:980 nm without Graphite paste//*The mean difference s significant at the 0.05 level. 

 Dunnett t-tests treat one group (INITIAL TIME) as a control, and compare all other groups against 

it. 
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 The mean value of temperature elevation for G1 

component of tooth structure (Ying Liu et al 

within exposure time was (1.37℃) and recovery 

time was at (88s) as seen in figure (3) and (4).                          

 

 

 

 

 

 

 
Fig. 4: shows temp. mean value within   exposure 

and recovery time. 

 

 

Discussion: 

     For dentinal hypersensitivity, many different 

treatments and techniques have been studied 

and proposed with identical objectives: to seal 

dentinal tubules (Hu et al 2019). The prevalence 

of dentine hypersensitivity is site-specific 

showed increased predilection in premolars 

followed by incisors, canines and molars, and 

more in female than male (Cronshaw et al 

2020). Many conventional desensitizing 

products have been tested to relieve the 

symptoms of dentine hypersensitivity either by 

interfering with pulse transmission or by 

occluding the exposed dentinal tubules to 

reduce the fluid movements, that have a 

limitation in time and longevity in treatment of 

DH, the ideal treatment for DH does not exist, 

but this is true in case of combination of 

different protocols (Femiano et al,2020). Laser 

applications in dentistry come with appositives 

results in many fields and give a sign in 

treatment strategies of dentinal hypersensitivity 

(Hasan Guney Yilmaz et al 2011), many studies 

have been approved the action mechanisms of 

diode lasers in dentine hypersensitivity 

treatments (Mendes et al, 2021). The low output 

power lasers mediate an analgesic effect related 

to depressed nerve transmission. Furthermore, it 

stimulates the dentine forming cell to produce 

tertiary (Reparative) dentine (Rekha 

Bilichodmath et al 2018). While, the high-level 

laser therapy minimize the symptoms of dentine 

hypersensitivity by modifying the morphology 

of dentine surface “melting and re-

solidification” (Ruaa M. Al-Mafrachi , 2018). 

In the current study the effects of 980nm diode 

Laser with the selected parameters (continuous, 

non-contact mode, 1.5W, 10s, 276.3W/cm2) 

have a more effective and significant reduction 

in the diameters of dentinal tubules. The 

36
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mechanisms by which the diode Laser occlude 

exposed dentinal tubules, through the 

photothermal effects on irradiated dentine 

surface that results in melting of the organic 

component of tooth structure (Ying Liu et al 

2013). science, the wavelength (800-980nm) 

diode Laser have poor absorption spectrum in 

water and hydroxy appetite crystals, so the 

effects of 980nm diode Laser on dentine surface 

depending on the absorbing chromophores in 

dentine surface that absorbed the wavelength 

980nm. The main effect of 980nm diode laser is 

photothermal effect on the collogen fiber (the 

organic part of dentinal tubules. Furthermore, it 

has a slight absorption in water, that increase its 

photothermal effects on dentine surface (Rajeev 

Ranjan1 et al 2021). The mean value of 

temperature elevation was (1.37℃), that below 

the injury temperature of the pulp (3℃) and the 

recovery time was at (88s).  Previous studies 

approved that, diode lasers have a multiple role 

in dentinal hypersensitivity, their occluding 

effects by making dentine cells degenerate, 

cause calcium salt deposition, and calcify the 

closure of dentine tubules (Ruaa M. Al-

Mafrachi et al, 2018). Besides, it can stimulate 

the dentine forming cells (odontoblast) and 

induces them to produce secondary dentine by 

the production of secondary reaction (Rekha et 

al, 2018). Moreover, the analgesic effects 

through the change in nerve fiber membrane 

permeability to potassium and sodium (Rajeev 

Ranjan et al, 2013), increase the peripheral 

nerve action potentials, and stimulates the 

formation of neural axon endorphins, which 

have an analgesic effect (Tabibzadeh et al, 

2018). The results of this study a great 

agreement with that of (Ying Liu et al,2013) 

and (Umana et al 2013). 
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انحسار القطر للاوعية السنية  نانومتر ( دايود ليزر على  ٠٨٩) فعالية

العاجيةالمكشوفة لسن فرط الحساسية   

 

رَا هاشى دٍذر                                      
*
انقرطاش  ، كرٌى يذًذ ظاهر، صلاح ػثذ الايٍر   

جايؼح تغذاد                                                      -يؼهذ انهٍسر نهذراساخ انؼهٍا   

 

 لخلاصة :ا

سٍ( يٍ أسُاٌ انؼقم انًقهىػح جرادٍاً وأزانح طثقح انًٍُاء كهٍاً ػٍ سطخ  ٩٣ذرضًٍ انذراسح ذذضٍر )            

طثقح انؼاض يكشىفح يًا ٌؤدي انى الاطثاق، وػُذيا ذرى إزانح انًٍُا ٌؤدي رنك إنى أٌ ذكىٌ الأَاتٍة انسٍُح داخم 

زٌادج دركح انسىائم داخم الأَاتٍة وذذفٍس انُهاٌاخ انؼصثٍح انقرٌثح يٍ نة انسٍ وزٌادج الأدساش تالأنى. دٍس ذى 

ذقسٍى الاسُاٌ انى شلاز يجايٍغ انًجًىػح الاونى هً انًجًىػح انرجرتٍح لأخرٍار يؼًلاخ يُاسثح نهرشؼٍغ تانذاٌىد 

سٍ( وانًجًىػح انصانصح ٥١أسُاٌ( وانًجًىػح انصاٍَح هً انًجًىػح انظاتطح واسرخذو فٍها )٣فٍها ) نٍسر  واسرخذو

  (.ُحس٥١ )ا فٍه تانذاٌىد نٍسر وأسرخذو ؼؼحهً يجًىػح الاخرثار انًش

يغ يؼايلاخ ذى اخرٍارها تأجراء دراسرٍٍ  َاَىيرر ٣٨٩دٍس ذى ذشؼٍغ انؼٍُاخ تانذاٌىد نٍسر رو انطىل انًىجً 

           ٣,٢,٩ شاٍَح( وكصافح طاقح ) ٥٩) واط(,  ٥,١ذجرٌثٍح قثم تذء انرشؼٍغ نًجًىػح الاخرثار وقذ اسرخذو )

شاٍَح( ػٍ وضغ اسُاٌ يجًىػح الاخرثار  ٠٩ تؼذ يرور )و طح انرشؼٍغ.َق يسادح( ذى اخرٍرها تقٍاش ٣ ىواط/س

                      انًائً تذأ ذشؼٍغ اسُاٌ يجًىػح الاخرثار.داخم انذًاو 

فً الأَاتٍة انسٍُح انًفرىدح تؼذ انرشؼٍغ نًجًىػح  واضخأظهر فذص انًاٌكروسكىب انًاسخ الانكرروًَ أَسذاد 

تقطر الأَاتٍة انسٍُح انًكشىفح يقارَح يغ قطر انًجًىػح انظاتطح  كثٍرالاخرثار وأظهر انرذهٍم الأدصائً أَذسار 

ٍ أيا وقد ،وكاٌ ارذفاع درجح درارج انسٍ َرٍجح انرشؼٍغ ضًٍ انذذود انًسًىح تها نهذفاظ ػهى دٍىٌح انس

                                                                                                                           .                                          .انرشؼٍغ أانصاٍَح الاونى نثذ يٍ( ٨٨اَرؼاش انسٍ فقذ سجم ٌانصاٍَح )
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Abstract: Despite the distinct features of the continuous wave (CW) Terahertz (THz) emitter using 

photomixing technique, it suffers from the relatively low radiation output power. Therefore, one of 

effective ways to improve the photomixer emitter performance was using nanodimensions electrodes 

inside the optical active region of the device. Due to the nanodimension sizes and good electrical 

conductivity of silver nanowires (Ag-NWs), they have been exploited as THz emitter electrodes. The 

excited surface plasmon polariton waves (SPPs) on the surface of nanowire enhances the incident 

excitation signal. Therefore, the photomixer based Ag-NW compared to conventional one significantly 

exhibits higher THz output signal. In this work, the effect of Ag-NWs dimensions and number on the 

incident optical field is investigated by utilizing the Computer Simulation Technology (CST) Studio 

Suite. The simulation results show that increasing Ag-NWs length to SPP propagation length ratio plays 

a significant role on the incident field increment due to its effect on reducing the SPP propagation losses. 

The increment of Ag-NWs number and length in the nanoelectrodes based photomixer can contribute to 

increase the electric field in the active region by 1.5 times at the longer excitation wavelength (850 nm). 
As a result of this increment, the THz output power and the conversion efficiency are expected to be 

enhanced by a factor of five.   

Keywords:  Plasmonics, Silver nanowire, Terahertz photomixer 

 

 

 

 

 

1. Introduction 

 

 The CW-THz emitters using 

photomixing technique offer many distinctive 

features in terms of compactness, cost, 

tunability, and wavelength resolution [1 - 3]. A 

photomixing technique is based on optical beat 

signal of two CW laser beams of slightly 

difference frequencies (which must be in THz 

frequency region). This signal, which oscillates 

at the two lasers difference frequency, is used to 

excite a photoconductive material and then 

modulates the photocarriers generation [4, 5]. 

The photocarriers are collected by electrodes 

and then translated into THz radiation by an 

antenna connected to the device [6, 7]. 

However, the conventional photomixer suffers 

from its low optical to THz conversion 

efficiency [6, 8]. Several research works have 

been attempted to improving the THz output 

power by enhancing the incident optical 

intensity inside the photomixer [9 - 13]. The 

high optical intensity improves the gained 

photocurrent and thus increases the output 

radiation. In CW-THz photomixer, Ag-NWs are 

used as nanodimension electrodes to drive and 

collect the excited carriers of photoconductive 

material [14, 15]. Due to small size of these 
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nanowires, the photomixer devices based on Ag-

NWs gain remarkable features [14]. The 

nanodimensions of these metallic wires give rise 

to reduce the device capacitance. Furthermore, 

the electric field of surface SPPs excited on the 

interface between the Ag-NW and the 

photoconductive material undergoes notable 

enhancement. Both factors contribute to 

improve the photogenerated current inside the 

mixer active area. Therefore, the photomixer 

based Ag-NW compared to conventional one 

significantly exhibits higher obtained 

photocurrent [15].  

In this work, the electric field of SPPs 

on the surface of Ag-NWs placed on photomixer 

conductive material (GaAs) is investigated. 

Therefore, the active region comprises the 

nanoelectrodes and photoconductive material is 

simulated by utilizing the CST Studio Suite. 

From the simulation work, the effect of Ag-

NWs dimensions and number on the electric 

field inside the photomixer can be examined and 

scrutinized.   

 

 

2. Theory 

 

The photomixer output power      in 

terms of optical incident intensity is expressed 

as [16]: 

    (    )   
 

 
     (   

   
 ) 

    
    

 

       
     

     (1) 

where    is the antenna radiation resistance, 

    is the bias field,     is the beat optical 

intensity,    is carriers lifetime,   
 
 is carriers 

mobility,            is the THz 

frequency of beat signal, and    ,    are the 

frequencies of two incident lasers. 

The optical to THz conversion efficiency of the 

photomixer is[17]  

                           
     (    )

    
                     (2) 

where   , and    the optical powers of two 

incident lasers.  

In Ag-NW based photomixer, SPP 

waves are excited on the surface of the metallic 

wire by laser light polarized along the wire axis 

[17,  18]. The incident light is scattered from the 

wire surface generating SPP modes which 

propagate towards the end of the wire [17, 19]. 

The propagating SPPs waves generally reflect at 

the end face of nanowire of finite length. The 

reflection of surface plasmon at the end face 

leads to produce modulation of SPPs field on 

the surface of nanowire. The spectral 

modulation depth  I/ min on Ag-NW surface can 

be determined  from [20, 21]: 

                               
  

 min
  

   

  -   
                        (3) 

where R is the Ag-NW end face reflectivity, A 

is the propagation loss which is given by [23] 

                              A= -                             (4) 

where,      is the length of nanowire,      is 

the SPP propagation distance is given by [23, 

24]: 

                        
 

  
 (

    m 

   m 
)
  ⁄

(
 m 
 

 mi
)             (5) 

where,   is optical wavelength of incident light, 

   is the dielectric constant of dielectric material 

and  m ,  mi are the real and imaginary parts of 

the metal dielectric constant, respectively.  

 

 

3. Experiment and Results 

 

By using electromagnetic (EM) 

software program, we evaluated the near field 

enhancement in the photomixer after exciting 

SPPs of Ag-NWs. Simulating the entire 

nanodimension photomixer (the active region 

and connected antenna) will take up a great deal 

of calculation time. For this reason, only the 

active region is simulated rather than simulating 

the whole device. Consequently, the active 

region comprises the nanoelectrodes and 

photoconductive material is simulated by 

utilizing CST. The electric field distribution is 

calculated in the photomixer active region for 

each value of Ag-NWs number and length. 

Thereafter, we can scrutinize the electric field in 

each case and investigate the effect of the Ag-

NWs structure parameters on the field variation.  

The simulation method is described and 

clarified in two separate parts. The first part 

presents the descriptions of the structure 

parameters, dimensions, materials that used in 

the simulation.  The simulation procedure and 

methods are then explained in the second part. 

Active region of Ag-NWs based 

photomixer: Firstly, the Ag-NWs number in the 

active region is varied with three values (2, 6, 

and 10 nanowires). Fig. (1) illustrates three 

active region structures of Ag-NWs based 

photomixer of different electrodes numbers. 

Secondly,      is also changed with four values 

(3, 3.5, 4, and 4.5  m). The structures consist of 

Ag-NWs nanoelectrodes placed on a 

photoconductive material (the device substrate). 

Each structure has the area of 10 x 10  m . The 
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length of the used nanowires is 4.5   , and the 

gap between their end faces is 1   . GaAs 

(12.94 relative permittivity) is used as a 

substrate. The thicknesses of the electrodes and 

substrate material are 0.120    and 1   , 

respectively. The structures of 6 and 10 Ag-

NWs have 2.5, 1.5    electrodes space, 

respectively, to obtain an even distribution of 

nanowires on the substrate surface.  

(a) 

 

(b) 

 
                 (c)  

 
 
Fig.1: Schematic diagram of THz photomixer active 

regions of different Ag-NWs number: 2, 6, and 10 

presented in (a), (b), (c), respectively. The active 

region of 6 and 10 Ag-NWs have 2.5, 1.5    

electrodes space, respectively, to obtain an even 

distribution of nanowires on the substrate surface. 

 

Simulation of the active region of Ag-

NWs based photomixer: The active region of 

the photomixer is simulated using CST program 

to calculate the electric field distribution after 

illuminating with optical signal. The EM 

simulation of the electric field distribution on 

the structure surface is carried out using time 

domain solver (TDS). 

To generate CW-THz radiation, the 

photomixer active material must be excited by 

CW optical signal. This optical signal takes a 

form of beat signal of two optical beams (from 

two CW semiconductor lasers) which are 

slightly different in THz frequency 

range (           ). Since, their 

frequencies are in optical region and the 

difference between them is in THz frequency, 

therefore; their photon energies are close to each 

other and the photoconductive material interact 

with them as an optical beam of single 

frequency. In the simulation, this beat signal 

was represented as a plane wave of linear 

polarization. It is incident on the structure side 

that contains the nanoelectrodes. The electric 

field of incident plane wave is 1  m⁄ . The band 

gap energy of GaAs is 1.42   . Therefore, the 

laser signal with optical signal near or higher 

than (1.42 eV) can be used to excite GaAs. The 

excitation wavelength of conventional 

photomixer lies in near infrared (NIR) region of 

EM spectrum (to obtain an optical signal can 

beat in THz frequency). Therefore, the incident 

wavelengths 780, 810, and 850    are 

commonly chosen to excite the photomixer.  

Because of the inability to work with 

optical and THz frequency ranges in a single 

simulation and in order to reduce the large 

computational time of simulating the 

nanodimension structures, only the active region 

is simulated rather than the whole device. 6-

mesh-cells per incident wavelength are 

considered in the structure simulation. On the 

other hand, a local mesh of 3-cells is set for 

precisely simulating the electrodes 

nanodiameter. 

 In this work, the effect of Ag-NWs 

electrodes number and length on the optical near 

field is investigated in the photomixer. At the 

beginning, the number of Ag-NWs is changed 

and the consequent variation of the optical 

electric field in the active region is calculated. In 

the simulation, the adopted Ag-NWs numbers 

are: 2, 6, and 10. Thereafter, the Ag-NWs 

number is fixed and their length is changed with 

four values: 3, 3.5, 4, and 4.5  m. Subsequently, 

the change in the optical electric field is 

scrutinized for each case.  
The simulation results were obtained 

after illuminating the active region with linearly 

polarized plane wave of NIR frequency.  From 

the results, we scrutinize the influence of Ag-

NWs number and length on the maximum 

optical near field. At first, the active region 

structures of three different numbers of Ag-

NWs were simulated. The EM simulation using 

time domain solver is carried out to calculate the 

resultant electric field on the surface of active 

region. After the optical illumination, the SPPs 

wave will be excited on the Ag-NWs surface. 

The maximum electric field as function of Ag-

NWs number for the three incident wavelengths 

is illustrated in Fig (2). As it can be seen from 

the figure, the field is significantly enhanced for 

780 and 850 nm incident wavelengths when the 
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nanowires are added to the structure. The 

electric field is enhanced by the factor of two 

when the Ag-NW number is changed from 0 to 

2 nanowires. The reason behind this 

enhancement is the plasmonic field induced by 

Ag-NW. Ag-NW will enhance the field over the 

whole GaAs surface, therefore; this field is 

increased with increasing the nanowire number 

on this surface. A larger number of Ag-NW 

means more reinforcement to the nanowire 

plasmonic field on the semiconductor surface. 

 
 

Fig.2: Maximum electric field (colored triangles) 

calculated in the photomixer active region as a 

function of Ag-NWs numbers. The colored lines 

represent the results fitted curves. 

 

It can be noticed from Fig. (2) that the 

plasmonic effect of Ag-NW is small at 810 nm 

wavelength, since the electric field is not clearly 

changed after adding Ag-NW. However, this 

field is significantly increased by a factor of two 

when the Ag-NW number is changed from 2 to 

10. This means that the plasmonic field is small 

at 810 nm but it exhibits notable increment 

when the nanowires number is raised due to 

boosting the light confinement by the Ag-NWs 

small dimensions. From the results, the 

maximum electric field is directly proportional 

to the nanowires number. For larger Ag-NWs 

numbers, the maximum electric field is 

noticeable increased on the surface of the active 

region. The highest increment in the electric 

field is at 850 nm.  

The distribution of the electric field, at 850 

nm incident wavelength, in the active regions of 

different Ag-NWs numbers: 0, 2, 6, 10 are 

shown in Fig. (3). It can be seen from Fig. (3) 

that field localizations can be noticed in all 

structures of Ag-NWs electrodes. It 

substantially occurs at the two face ends of Ag-

NWs. The reason of this noticeable localization 

is the reflecting of SPPs waves at the end edge 

of Ag-NW [21].  

Figure (4) shows the simulation results of 

current density in the photomixer active region 

for different Ag-NWs numbers. The results 

show that the current density is also directly 

proportional to the nanowire number. Increasing 

the electric field with Ag-NW number means 

higher light intensity can be obtained (more 

carriers can be generated on the GaAs surface). 

The large carrier number contributes to enlarge 

the nanowire conductivity in the active region of 

photomixer. Therefore, one can see higher value 

of Ag-NW current density with increasing 

nanowire number. Due to the small value of the 

electric field at 810 nm incident wavelength, the 

current density in the active region is small as 

compared to that of the other two wavelengths.  

(a) 

 

(b) 

 
(c) 

 

(d) 

 
 
Fig.3: Distribution electric field, at 850 nm incident 

wavelength, in the active regions of different Ag-

NWs numbers: 0, 2, 6, 10 presented in (a), (b), (c), 

and (d), respectively. 

 

 
 

Fig.4: Current density (colored triangles) calculated 

in the photomixer active region as a function of Ag-

NWs numbers. The colored lines represent the results 

fitted curves. 
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The effect of     on the near electric field is 

additionally investigated in the photomixer 

active region. Four active region structures of 

different Ag-NW lengths (    = 3, 3.5, 4, and 

4.5  m) were simulated. The active regions have 

dimensions of         m  and the Ag-NWs is 

fixed at the number which  shows the highest 

obtained field (10 Ag-NWs). The maximum 

electric field in the photomixer active region as 

a function of     is illustrated in Fig. (5). The 

electric field is increased with    . At 850 nm, 

the electric field is increased from 4.25 V/m to 

6.3 V/m when     is chang   f om    m to 4.5 

 m. Th   l ct ic fi l  is significantly chang   at 

810 and 850 nm incident wavelengths. On the 

other hand, it is less affected by     at 780 nm 

wavelength. Consequently, the electric field 

dependency on     is directly proportional to 

the excitation wavelength, i.e. it is 

comparatively high at longer wavelength (lower 

excitation frequency). 

 
 

Fig.5: Maximum electric field (colored triangles) 

calculated in the photomixer active region as a 

function of Ag-NWs lengths. The colored lines 

represent the results fitted curves. 

 

The electric field distributions in the active 

regions of four     lengths (3, 3.5, 4, 4.5  m) 

are illustrated in Fig. (6). The calculated current 

density in the photomixer active region as a 

function of Ag-NWs number is illustrated in 

Fig. (7). The current density does not show any 

change in the its values at 780, and 810 nm 

wavelengths. The small change in electric field 

with     at 780 nm wavelength causes the 

relatively stable value of current density at this 

wavelength. As the electric field is less affected 

by the Ag-NWs at 810 nm wavelength, the 

change in current density in the active region is 

very small at this wavelength. 

The propagation losses, which 

determine the spectral modulation depth  I/ min 

on Ag-NW surface, would have a low value at 

long     according to Eq. (4). For this reason, 

the electric field in the active region shows an 

increment in its value with    , as shown in 

Fig. (5). The propagation losses of SPP are 

calculated by using Eq. (4) for each value of 

   . Before calculating the propagation losses, 

we need to determine      on the Ag-NW 

interface with GaAs.  Eq. (5) is used to calculate 

     for all excitation wavelengths. Table (1) 

shows the calculation results of      for each 

wavelength.  

(a) 

 

(b) 

 
(c) 

 

(d) 

 
 
Fig.6: Distribution electric field, at 850 nm incident 

wavelength, in the active regions of different Ag-

NWs lengths: 3, 3.5, 4, and 4.5 presented in (a), (b), 

(c), and (d), respectively. 

 

 
 
Fig.7: Calculated current density (colored triangles) 

in the photomixer active region as a function of Ag-

NWs lengths. The colored lines represent the results 

fitted curves.  

 

 

 

 

 

 

 

 

Incident Wavelength 

(nm) 

780 810 850 

SPPs Propagation length 

( m) 
1.7 2.4 3.4 

 

Table (1) Calculated SPPs Propagation length on the 

Ag-NW interface with GaAs substrate for the three 

excitation wavelengths. 

 

 

 

 

 



Reiam Al-M, and Hussein A. J., Iraqi J. Laser 22(1), 43-50 (2023) 
 

37 
 

As it can be seen from the table and according 

to Eq. (5),      is directly proportional to the 

excitation wavelengths. By substituting the 

calculated values of      in Eq. (4), propagation 

losses are obtained for each value of    .  Fig. 

(8) shows the calculated propagation losses of 

SPP on the Ag-NW interface with GaAs as 

function of     for the three excitation 

wavelengths.  From the results, it can be seen 

that the propagation losses are decreased at 

longer    .  

 
 

Fig.8: Calculated propagation losses of SPP (colored 

triangles) on the Ag-NW interface with GaAs as 

function of     for three excitation wavelengths: 

780, 810, and 850 nm. The colored lines represent 

the results fitted curves. 

 

Due to this reduction in the propagation losses 

of SPP, the electric field in the active region 

shows an increment in its value with    . 

Additionally, the longer wavelengths of light 

show the largest values of propagation losses, as 

it is seen in Fig. (8). Therefore, the simulation 

results exhibit remarkable change in the electric 

field with     at the longer values of 

wavelengths.  

The 780 and 850 nm excitation wavelengths 

exhibits higher plasmonic effect of Ag-NW, 

where the electric field is enhanced by the factor 

of two after adding the nanowires, as shown in 

Fig. (2). While the field shows a small change in 

its value at 810 nm wavelength. This change has 

grown when the Ag-NW number and length are 

increased. The maximum response of electric 

field to the change in the Ag-NW number and 

length is obtained at the two longer wavelengths 

(810 and 850 nm). This response becomes a 

small at 780 nm wavelength where the electric 

field is less affected by Ag-NW number and 

length, as shown is Fig.(2), and (5) respectively. 

The increment of Ag-NWs length and 

number can contribute to increase the electric 

field in the active region by 1.5 times at 850 nm. 

According to Eq. (1), THz output power is 

quadratically proportional to incident 

intensity      (    )     
 . Therefore, it is 

proportional to the fourth power of the electric 

field. Since the electric field is increased by 1.5 

times with increasing the nanowire parameters, 

it can be expected from Eq. (1) that      is 

enhanced by a factor of five. Additionally, the 

optical to THz conversion efficiency is also 

improved by a factor of five according to Eq. 

(2). 

Consequently, the length of  .   m is the best 

    value for THz photomixer emitter that uses 

two Ag-NWs or more as nanoelectrodes and has 

a surface area of 10 x 10  m . Therefore, 

reducing     in order to decrease Ag-NWs gap 

and subsequently, minimize the device 

capacitance leads to bring down the electric 

field in the active region especially at longer 

wavelength value.  

 

 

4. Conclusions 

Increasing Ag-NWs length to SPP propagation 

length ratio plays a significant role on field 

increment due to its effect on reducing the SPP 

propagation losses. The increment of Ag-NWs 

length and number in the Ag-NWs based 

photomixer can contribute to increase the 

electric field in the active region by 1.5 times at 

the longer excitation wavelength (850 nm). The 

length of  .   m is the best     value for THz 

photomixer emitter that uses two Ag-NWs or 

more as nanoelectrodes and has a surface area of 

10 x 10  m . As a result of the notable 

increment in the electric field, the THz output 

power and the conversion efficiency are 

expected to be enhanced by a factor of five. 
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 THzالذاهج الضوئي لاشعة  تأثيرعذد وحجن الأقطاب النانوية على أداة

 

 ريام ضياء هحوذرضا         حسين علي جواد
 

 اٌؼزاق ، تغذاد ، تغذاد خاِؼح ، اٌؼٍُا ٌٍذراساخ اٌٍُشر ِؼهذ

 

 

اٌضىئٍ ، ( تاسرخذاَ ذمُٕح اٌّشج THz( ذُزاهُزذش )CWٌثاػث اٌّىخح اٌّسرّزج )ج ِٓ اٌسّاخ اٌُّّشتاٌزغُ  :الخلاصة

أداء تاػث اٌّشج اٌضىئٍ ٌذٌه ، وأد إحذي اٌطزق اٌفؼاٌح ٌرحسُٓ   .طالح خزج إشؼاع ِٕخفضح ٔسثُاًإلا أٔه َؼأٍ ِٓ 

ٔظزًا ٌلأحداَ إٌأىَح واٌرىصًُ اٌىهزتائٍ اٌدُذ   هٍ اسرخذاَ ألطاب ٔأىَح داخً إٌّطمح اٌضىئُح إٌشطح ٌٍدهاس.

( SPPs) ٌثلاسِىٔاخ اٌسطحُحاذؼًّ ِىخاخ  .THzذُ اسرغلاٌها وألطاب تاػث ( ، Ag-NWsٌلأسلان إٌأىَح اٌفضُح )

-Ag اٌمائُ ػًٍ اٌضىئٍ ّشجاٌٌذٌه ، فإْ   .اٌسالطح ثارجسرالأسلان إٌأىَح ػًٍ ذؼشَش إشارج الإػًٍ سطح اٌّثارج 

NW  ِمارٔح تاِخز اٌرمٍُذٌ َؼزض تشىً ٍِحىظ إشارج خزجTHz .ًٍفٍ هذا اٌؼًّ ، ذُ اٌرحمُك فٍ ذأثُز أتؼاد   أػ

Ag-NWs  خلاي اسرخذاَ تزٔاِح اٌضىئٍ اٌسالظ وػذدها ػًٍ اٌّداي ِٓStudio Simulation Technology 

(CST.) ٔرائح اٌّحاواج أْ سَادج طىي  خظهزاAg-NWs  إًٌ ٔسثح طىي أرشارSPP  ا فٍ سَادج ًّ ّداي اٌذٍؼة دورًا ِه

وطىٌها فٍ اٌّشج  Ag-NWsَّىٓ أْ ذساهُ اٌشَادج فٍ ػذد  .SPPٔظزًا ٌرأثُزها ػًٍ ذمًٍُ خسائز أرشار  سالظاٌ

خٍ طىي ِىاٌ ػٕذِزج  5.1ّٕطمح إٌشطح تّمذار فٍ سَادج اٌّداي اٌىهزتائٍ فٍ اٌالألطاب إٌأىَح اٌضىئٍ اٌّسرٕذ إًٌ 

ووفاءج  THzٔرُدح ٌهذج اٌشَادج فٍ اٌّداي اٌىهزتائٍ ، ِٓ اٌّرىلغ أْ َرُ ذؼشَش لذرج خزج  ٔأىِرز(. 018)الأطىي 

 اٌرحىًَ تّؼاًِ خّسح.
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Abstract: Polarization beam splitter (PBS) integrated waveguides are the key components in the receiver of 

quantum key distribution (QKD) systems. Their function is to analyze the polarization of polarized light and 

separate the transverse-electric (TE) and transverse-magnetic (TM) polarizations into different waveguides. In this 

paper, a performance study of polarization beam splitters based on horizontal slot waveguide has been investigated 

for a wavelength of       . PBS based on horizontal slot waveguide structure shows a polarization extinction ratio 

for quasi-TE and quasi-TM modes larger than       with insertion loss below      and a bandwidth of      . 

Also, the fabrication tolerance of the structure is analyzed. 

 

Keywords: Polarization beam splitter, coupling mode, extinction ratio 

 

1. Introduction 

Silicon photonics has attracted attention for 

building high-density photonic integrated circuits 

due to its compatibility with mature 

complementary metal-oxide-semiconductor 

(CMOS) technology [1]. The polarization 

dependence characteristics can be caused by high 

index contrast and asymmetric structure, therefore 

a polarization diversity such as a polarization 

beam splitter is required [2]. 

The function of PBS is to separate the 

transverse-electric (TE) and transverse-magnetic 

(TM) polarizations of polarized light into different 

waveguides. The performance of PBS depends on 

important parameters which are polarization 

extinction ratio (PER), insertion loss (IL), 

operating bandwidth, and fabrication tolerance 

[3]. 

Different structures of PBSs have been 

demonstrated such as multimode interferometers 

(MMIs) [4], Mach-Zehnder interferometers 

(MZIs) [5], gratings [6], hybrid plasmonic 

waveguides [7], directional couplers including 

symmetric and asymmetric waveguides [8] and 

slot waveguides [9]. 

 MMI and MZI PBSs induce large insertion loss 

and footprint, while grating-based structures can 

achieve a small footprint but with large scattering 

losses [8],[10]. Using hybrid plasmonic 

waveguides can shorten the structure length but 

this type of waveguide suffers from high losses 

due to metal absorption [11]. PBSs based on 

symmetric directional couplers are preferred due 

to their simple design and good performance [12]. 

While asymmetric directional coupler (ADC) 

structures require two or more different 

waveguides to increase the refractive index 

contrast and attain PBS with a high extinction 
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ratio, fabrication tolerance, and small footprint 

[13]. 

Slot waveguides have been employed 

recently due to their strong field confinement in 

the low refractive index nanoscale slot region. A 

slotted waveguide consists of a layer of low 

refractive index material sandwiched between two 

layers of high refractive index materials so that 

light is mostly confined in the slot region. They 

can be classified into two categories; horizontally 

oriented slots within which transverse magnetic 

(TM) is confined and vertically oriented slots for 

transverse electric (TE) polarization confinement 

[14]. 

Various schemes using slot waveguides have 

been proposed such as half-etch horizontal slot 

waveguides [15], PBS assisted by subwavelength 

grating in triple waveguide directional coupler 

[16], asymmetric silicon slot-waveguide-assisted 

[17], and horizontal nanoplasmonic slot 

waveguides [18]. 

Recently, integrated photonic technology has 

been emerged in QKD research, with a series of 

photonic chips designed for QKD applications 

[19]. The stability of the QKD system is improved 

and its cost may be significantly reduced by 

integrating the optical components of the QKD 

system, including single-photon sources, that 

operates in the visible region on a single photonic 

chip [20],[21].  

Free-space QKD generally uses short wavelength 

due to low atmospheric absorption and efficient 

operation of Si single photon detector [22]. Thus, 

different types of PBSs have been developed at 

visible wavelength [23],[24]. 

In this paper, we will investigate the operation 

of PBS based on a dual-channel directional 

coupler horizontal slot waveguide (DC-HSW) at a 

wavelength of 700 nm. The integrated PBS in the 

receiver chip is required to analyze the polarized 

light sent by single-photon sources for QKD 

systems based on the BB84 protocol operating at 

700 nm. The devices were numerically simulated 

using COMSOL Multiphysics 6.0 by 2D and 3D 

frameworks. The device is patterned on silicon on 

an insulator substrate with air as an upper 

cladding. 

 

 

 

This paper is organized as follows: Section 2 

describes the design of the PBS based on dual-

channel (DC-HSW), the optical properties, and its 

wavelength dependence. Section 3 is related to 

fabrication tolerance for PBS based on dual-

channel (DC-HSW). Finally, the conclusions are 

presented in Section 4. 

 

2. Design of the PBS based on dual-channel 

(DC-HSW) 

Figure 1(a) shows the schematic structure of PBS 

based on dual-channel (DC-HSW). The structure 

consists of a slot layer of hydrogen silsesquioxane 

(HSQ) sandwiched between two layers of gallium 

phosphide (GaP). The refractive indices of air, 

HSQ, and GaP are (1, 1.41, and 3.2543) 

respectively. The slot layer supports the optical 

signal to be guided at a wavelength of       .  

 In the 2D framework, the dimensions of a 

single horizontal slot waveguide (HSW) were 

found by fixing the slot height,            , 

and tuning the width and height of GaP layers   

and    respectively. The optimal dimensions for 

  and    are 130 nm and 200 nm respectively. 

Figures 1(b) and 1(c) show the transverse 

mode profile for quasi-TE and quasi-TM modes 

for a single HSW. The quasi-TM mode is strongly 

confined in the slot region due to discontinuity 

between high and low refractive index regions. 

When the light propagates in such a dual-

channel DC, the guiding behavior of the total 

device can be viewed as the summation of waves 

propagating in even and odd modes with effective 

indices    and     respectively, as shown in 

Figures 2(a)-2(d). These modes can be observed 

due to the differences in the field continuity at 

boundaries between the core and the cladding. 

The evolution of the effective index of each 

corresponding waveguide mode as a function of 

the waveguide width (  ) is shown in Figure 2 

(e). 
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As it appears, when    decreases, the effective 

index difference between even and odd modes 

(   |     |) increases because of the 

coupling between the propagating optical signals 

in both waveguides. Meanwhile, when    

increases, the    and    modes converge to the 

effective index of individual HSW. In this case, 

the dual channels act as independent horizontal 

slot waveguides. 

 Following the supermode solution method 

[25],[26], the coupling length (  ) required to 

transfer the power completely from the input to 

adjacent waveguides in a dual-channel DC is 

related to the difference between the effective 

indices of    and    for each quasi-TE and quasi-

TM mode. 

   
 

         
     

 

    
                   

Where    
  

  
 is the propagation constant in free 

space at the operating wavelength  λ0. 

As the width of GaP must satisfy (  
         ), the quasi-TM mode has strong 

confinement in the slot region while the quasi-TE 

mode has tails in the waveguide spacing region. 

As a result, the effective indices of quasi-TE 

mode may vary significantly as waveguide width 

increases. 

According to the differences mentioned, 

the ratio of coupling lengths of the quasi-TE mode 

(  
  ) and quasi-TM mode (  

   ) can be tuned to 

different values of aspect ratios (
 

  
) as a function 

of the    as shown in Figure (3). 

To simplify the design,       was tuned to 

30 nm for strong confinement, which will be 

discussed in section 3. The GaP layers with 

different aspect ratios, where for each value of 

                    ; 

                         , were 

considered to manipulate the birefringence of the 

horizontal slot structure and the coupling effect 

based on Equation (1) between the adjacent 

waveguides. 

Based on Figure (3), when    is more 

than      , the effective index difference of the 

quasi-TE mode (       
     

  ) is larger 

than that of the quasi-TM mode (       
   

  
  ). By adjusting   , PBS with efficient 

polarization splitting can be achieved. Based on 

Equation (1), when           , the coupling 

length ratio is (
  
  

  
      ). The incident light can 

be efficiently separated into two orthogonally 

polarized modes propagating in separate output 

ports. According to Figures (2) and (3), the 

b 

Fig. 2: Transverse field distribution of quasi-TE 

and quasi-TM modes in dual-channel waveguides. 

(a) even quasi-TE mode (b) odd quasi-TE mode (c) 

even quasi-TM mode (d) odd quasi-TM mode and 

(e) the effective indices of even and odd of quasi-

TM (  
  ,   

  ) and even and odd of quasi-TE 

(  
  ,   

  ) as a function of the gap width (  ) 

c 

b 

Fig. 1: (a) Schematic of a PBS based on dual-

channel (DC-HSW). (b) Transverse field 

distribution of quasi-TE mode and (c) quasi-TM 

mode in single HSW 

d 

a 

c 

e 

a 
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optimum dimensions of PBS were tuned using an 

optimization tool and illustrated in Table 1. 
 

 
 

 

 

The Optimization tool is based on the formula 

of a general single-objective minimization 

problem. The goal of the optimization problem is 

to find the value of the control variables that 

minimizes (or maximizes) the objective function 

while considering a number of constraints. One of 

the optimization methods is the Monte Carlo 

solver, which samples points randomly within a 

uniform distribution by a user-specified box. The 

solver is effective for gathering statistical data for 

design variations by analyzing the range of values 

the objective function takes. This method is not 

stuck in local minima, unlike the other 

optimization methods implemented in COMSOL 

Multiphysics. It always analyzes the whole search 

space specified by the parameter boundaries. 

The propagation of light for quasi-TE and 

quasi-TM modes is shown in Figure (4). It can be 

observed that quasi-TM mode is completely 

transferred to the cross port while quasi-TE mode 

bounced between the adjacent waveguides and is 

coupled out to the bar port. 

 

 

 

 

Table (1): Dimensions of PBS based o dual-channel (DC-HSW) 

 

 
 

 

 

 

The wavelength dependence for quasi-TE mode 

and quasi-TM mode at bar and cross ports of PBS 

was investigated respectively, as shown in Figure 

(5). The polarization extinction ratio (PER) and 

insertion loss (IL) are the keys to the figure of 

merit for PBS and are defined as: 

            
    

  

    
                                                 

            
      

  

      
                                               

           
    

  

      
                                              

           
      

  

      
                                              

 

Substrate 

width (µm) 

Substrate 

height (µm) 
         (nm)       (nm)     (nm)    ( µm) 

1.5 1 130 200  30 182 19 

Fig. 3: Coupling length ratio of quasi-TE and 

quasi-TM modes as a function of the gap width 

(  ) at different aspect ratios ( 
 

  
) 

a 

 

b 

Fig. 4: Light propagation for (a) quasi-TE 

and (b) quasi-TM modes between the 

adjacent waveguides of PBS based on dual-

channel DC-HSW 
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From Figure (6), it can be noticed that at the 

operating wavelength of 700 nm PERs are 20.49 

dB and 17.36 dB for quasi-TE and quasi-TM 

modes, respectively. The bandwidths for    
    and          are 6 nm and 7 nm for 

quasi-TE and quasi-TM modes respectively. 

 

 

 

The deviation in     shown in Figure (7) was 

investigated as a parametric study.  The deviation 

is within       (from  8 to       ) for keeping 

the transmission higher than      . If the 

deviation range in    is larger than     , the 

transmission behavior for quasi-TE mode is varied 

as the condition in Equation (1) is not fulfilled. 

 
3. Fabrication tolerance 

A directional coupler based on PBS is usually 

sensitive to dimension deviation due to fabrication 

tolerance. Optical lithography and etching are two  

processes that can be used in the fabrication of 

PBS based on dual-channel (HSW-DC). These 

two processes cause deviations in the dimensions 

of the designed structures. 

The fabrication tolerances of    and       of 

PBS based on dual-channel (DC-HSW) are shown 

in Figures 8(a) and 8(b). It can be observed that 

the tolerance for quasi-TE mode is more critical 

compared to quasi-TM mode. The deviations in   

and       are limited to a very small range of  

    .This is because the mode-field distribution 

and consequently the effective indices for quasi-

TE and quasi-TM modes require transverse 

geometry. 

 

Fig. 5: Transmission spectrum for quasi-TE and 

quasi-TM modes for PBS based on dual-channel 

DC-HSW 

a 

 

Fig. 7: Transmission spectrum of quasi-TE and 

quasi-TM modes as a function of coupling 

length (  ) for PBS based on dual-channel DC-

HSW 

 

b 

Fig. 6: Polarization extinction ratio and insertion 

loss for (a) quasi-TE and (b) quasi-TM modes for 

PBS based on dual-channel DC-HSW 
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Table 2 lists a comparison between the designed 

structure and other structures mentioned in 

literature. 

 
4. Conclusion 

The performances of PBS based on dual-channel 

(DC-HSW) has been investigated for a 

wavelength of 700 nm. With appropriate 

waveguide dimensions, the structural 

birefringence in the dual-channel directional 

coupler formed by HSW on the SOI platform can 

be precisely controlled. The PER for quasi-TE 

(TM) mode is 20.49 (17.36) dB respectively with 

        and a coupling length of      .  

It should benoted that the structure’s dimensions 

will vary ccording to the variation of the 

wavelength. 
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 Table (2): A comparison between the design and other structures mentioned in literature.

 

 

 

 

 

 

 

 

References λ(nm) PER (dB) IL(dB) Lc(µm) 
B.W(

nm) 

Fabrication 

tolerance(nm) 

Simulation 

/experimental 

work 

[8] 1550 
31.56 (TE) 

24.61(TM) 

0.4 (TE) 

16.2 (TM) 
16    40        simulation 

[9] 1550 
16.8(TE) 

14.1(TM) 
--- 15 

C+L 

bands 
 

Simulation+ 

experimental 

[11] 1550 
--- 

 

0.55 (TE) 

0.92 (TM) 
4.05 44         simulation 

[14] 1550 
25.5 (TE) 

23.6 (TM) 
<0.2 13.2 100       simulation 

[27] 1550 
30 (TE) 

40 (TM) 

-0.17(TE) 

-0.22(TM) 
11 175 

       

         

simulation+ 

experimental 

Our work 700 
>15 TE and 

TM 
<1 19 7 

    

        
simulation 

Fig. 8: Transmission spectrum of quasi-

TE and quasi-TM modes as a function of  

(a) width of the waveguide ( ), and (b) 

slot thickness (     ) for PBS based on 

dual-channel DC-HSW 

 

a 

b 
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ضمه وطاق الطول الموجٌ الذً ٍعمل  الفتحة الافقَة المستىد علي  استقطاب الشعاع مقسم اداءدراسة 

 المزئٌ

 مزوان صالح، شَلان خسزو توفَك سلوى

 مؼيذ انهٍشر نهذراساخ انؼهٍا / جامؼح تغذاد

 

انمكٌناخ انزئٍسٍح فً مستمثم أنظمح تٌسٌغ انمفتاح انكمً. تتمثم  مننتمسٍم حشمح الاستمطاب  تكامهحتؼذ مٌجياخ انمٌجاخ انم

( TM) انؼزضً ًالاستمطاب انمغناطٍسً( TEًظٍفتيا فً تحهٍم استمطاب انضٌء ًفصم الاستمطاب انكيزتائً انؼزضً )

طٌل انتانذي ٌؼمم  انفتحح الافمٍح  انمستنذ ػهى استمطاب انشؼاع ممسم انتحمك من اداء، تم  ىذه انممانحمختهفح. فً مٌجياخ إنى 

 نلاستمطابً TEستمطاب نشثو نلا خمادنفتحح الأفمٍح نسثح اا نمستنذ ػهىا استمطاب انشؼاع ممسمٌظُيز  نانٌمتز. 000 ًمٌجان

نسثح تحهٍم  تمنانٌمتز تمزٌثاً. كما  0دٌسٍثم ًػزض نطاق ٌثهغ  1دٌسٍثم مغ خسارج إدخال ألم من  11أكثز من  TMشثو ن

 .انخطأ فً انتصنٍغ نهتزكٍة انمصمم
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