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In this investigation, n-type (100) silicon wafers with a thickness of 600 ± 25 μm and resistance 

of 0.1-100 μΩ were used to manufacture porous silicon. With the aid of hydrofluoric acid (HF) 

with a 20% concentration, a current density of 20 mA/cm2, and various experimental drilling 

times of 5, 15, and 25 minutes with the fixation of other parameters, the photoelectrochemical 

etching method was successful. The morphology of porous silicon was investigated using 
scanning electron microscopy (SEM), the XRD- diffraction wide of porous silicon creation with 

rising apex peaks was confirmed, and (AFM) sponge-like morphology was seen, and the pore 

diameter grew larger as drilling time rose. In a drilling time of 15 minutes, it is able to quantify 

both the vibrational and electrical characteristics of the energy band gap using Raman analysis 

and PL detection. Investigate sample samples' current voltage readings (J-V) at various etching 

times. Additionally, we discovered devices with a broad wavelength that react to the response in 

the investigation of the spectrum response PS AL/PS/SI/Al as a photodetector. 
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 الخلاصة 

النوع    البحث، في هذا   -0.1ميكرومتر مع المقاومة من    25±    600( بسماكة  100)  nتم استخدام رقائق السيليكون من من 

مللي    20وكثافة تيار تبلغ    ٪،20( بتركيز  HFالسيليكون المسامي. بمساعدة حمض الهيدروفلوريك )  ميكرواوم لتصنيع  100

تبلغ    2أمبير/سم مختلفة  تجريبية  حفر  وأوقات  النقش    25و    15و    5،  طريقة  كانت   ، أخرى  معلمات  تثبيت  مع  دقيقة 

الماسح   الإلكتروني  المجهر  باستخدام  المسامي  السيليكون  مورفولوجيا  في  التحقيق  تم  ناجحة.  الضوئية  الكهروكيميائية 
(SEM،)    وتم تأكيد حيودXRD   القمة، الواسع لإنشاء السيليكون المسامي مع ارتفاع قمم  ( وشوهدAFM  مورفولوجيا تشبه )

إنه قادر على تحديد كل من الخصائص    دقيقة، 15ونما قطر المسام أكبر مع ارتفاع وقت الحفر. في وقت حفر مدته    الإسفنج،

الطاقة باستخدام تحليل   . تحقق من قراءات الجهد الحالي لعينات  PLواكتشاف    Ramanالاهتزازية والكهربائية لفجوة نطاق 

اكتشفنا أجهزة ذات طول موجي واسع تتفاعل مع الاستجابة في    ذلك،( في أوقات الحفر المختلفة. بالإضافة إلى  J-Vالعينات ) 

 ككاشف ضوئي.   PS AL/PS /SI/Alلتحقيق في استجابة الطيف ا

 

INTRODUCTION 
Generally, the Porous Silicon (PS) is one of the 

favorable materials because of its reactive internal 

surface and is very large. So, it has a high 

sensitivity to chemical and physical properties [1-

4]. An inexpensive and simple invention, 

possessing the properties of ideal optoelectronics, 

it could be a basic base for depositing multiple 

nanomaterials, increasing the range of possible 

applications of PS in optics and integrated 

photonics [5-8]. PS is special material; therefore, 

it attracts the attention of many researchers for 

developing devices of optoelectronic and 

Photoconvergen [9-12]. Numerous techniques 

exist to create porous silicon, but the 

photoelectrochemical etching technique combines 

two techniques (photochemical and 

electrochemical). One of the most straightforward 

and trustworthy methods for creating PS is to use 

etching operations to create pores on a silicon 

substrate n or p  types [12-16]. The properties of 

PS layers are strongly concerning to its 

morphology and topography, and control of the 

structure by extreme interest was specific, 
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topography and morphology of PS surface by 

variation the electrochemical etching parameters 

[16-17. Additionally, etching length is a 

significant factor that influences how the anodized 

PS’s surface morphology [18-24]. Numerous 

earlier studies of the PS physical properties under 

a various range of parameters for the production 

of electrochemical etching have been carried out 

[25-30]. The relationship between PS morphology 

and fabrication circumstances employing photo- 

or electrochemical etching for silicon (n or p) type 

was investigated [31-34]. applied 10, 20, and 30 

min. as etching times in order to crystalline silicon 

n-type (111) and (100) wafers in order to 

electrochemically etch PS [35-38]. It was 

confirmed that, while utilizing the electrochemical 

etching technique, the PS’s depth, width, and 

roughness increased as the etching time rose [39-

44]. Study behavior PS surface crack and 

nanostructure with the relationship between 

According to the parameters of the etching, such 

as the HF concentration, current density, or the 

type and level of the substrate doping [45-50], 

This work was prepared for porous silicon by the 

embossing method photo-electrochemical etching 

(PEC) by changing the engraving time while 

keeping the rest of the parameters constant and 

studying the effect of changing the engraving time 

on surface morphology, changing the pore size 

and clarifying the optical properties on the silicon 

nanolayer. 

MATERIALS AND METHODS 
Using n-type wafer phase orientation (100) silicon 

with a thickness of 600± 25µm and a resistivity of 

0.1-100 Ω.cm, The PS was made employing the 

photo-electrochemical etching method (as shown 

in Figure 1) using high purity Hydrofluoric acid 

(Spanish industry/European Union) and diluting it 

with ethanol C2H5OH (99.9%) high purity to 

obtain a concentration of 20% in the rate of 

(41.66:58.34) to get a consistent etching and 

reduce hydrogen bubbles in the presence of a 

Teflon cell (non-reactive with HF) with a 20 

mA/cm2 current density Si wafer connects the 

cathode electrode to the anode electrode and vice 

versa. This process can be called anodizing. The 

last step is rinsing the sample with pentane to 

reduce the surface tension of the sample and to 

avoid cracks, and then with ethanol to get rid of 

the remnants of the electrolyte solution. 

 
Figure 1. PS of the photo-electrochemical etches technique schematic shape. 

 

RESULTS AND DISCUSSION  

Figure 2a of the X-ray diffraction shows a sharp 

peak plane-oriented wafer (100) can be observed 

located at (2Ө = 69.44o) reflecting the cubic 

structure of the Si n-type (according to JCPDS 

No.27-1402). PS in Figure 2b shows XRD 

diffraction by an anodizing process in a current 

density is 20 mA/cm2 and 15 min. etching time 

and a 20% HF concentration. The presence of a 
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splitting and widening peak around an angle of 

69.9o it having the same direction may be 

attributed to these increases in intensity leading to 

the crystallization of the silicon wafer after 

etching towards the size of the nanocrystal. 

However, etched porous silicon still has a single 

crystal structure even after etching, which results 

in a rightward displacement of the PS peak. PS 

has a smaller crystalline size than the c-Si peak, 

yet its diffraction angle is modest. (According to 

Scherer’s formula). 

 

 
Figure 2. a) XRD pattern Si wafer prior to etching, b) XRD pattern of porous silicon following etching time 15 

mint by HFc= 20% and 20 mA/cm2 current density. 

 

Figure 3 shows the difference between the 

influence of etching time on the surface 

morphology and structure of silicon layers 

produced on silicon substrates using porous 

silicon for a period of 5, 15, and 25 min. from the 

time of etching using the image of SEM. Unlike 

grain agglomeration from porous silicon 

formation effect of engraving time during etching, 

SEM shows that the surface of the PS was etched 

in the entirety, and pores increased with 

increasing time for etching. As shown in Figures 

3b, c the pores diameter increased over time, and 

the holes circular shape altered to a random one. 

This important change did not occur directly, but 

was the result of a transitional phase in which the 

sub-walls began to melt (overlap pores). 

Moreover, we enhanced the silicon dissolution 

process as a result of the disintegration of the thin 

walls with an increase in etching time. 
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Figure 3. SEM morphology for PS n-type (100) by different etching time 5, 15, 25 min, by 20 mA/cm2 current density 

and HFc= 20 %. 

 

Figure 4 shows the optical properties of PS using 

a photoluminescence spectrometer (PL) For three 

different drilling times are (5,15,25) minutes, we 

noticed the highest density 648, 635, 627 nm 

respectively these sharp peaks within the blue 

region of the electromagnetic spectrum are 

accompanied by an increase in the energy gap 

1.91, 1.95, 2 eV successively nd that the PL 

density of PS is high at this limit of patterning 

within pours silicon nanocrystals. Recombination 

of the electron-hole pairs by the effects of the 

increase of the energy band gap and intensity, 

which enhances the reduction of the crystal size of 

PS wafer. This is consistent with SEM images 

showing different nano-wall sizes. 

 
Figure 4. PL PS n-type by different etching time, by current 

density 20 mA/cm2 and HFc= 20 %. 

Figure 5 displays the Raman spectrum of a porous 

silicon substrate under the condition of 

preparation HFc= 20%, J= 20 mA/cm2 current 

density and 15 min; the nanostructure PS layer is 

responsible for the strong peak at 521 cm-1, 

whereas crystalline silicon (c-Si) Raman 

frequency is 520 cm-1. This indicates that the PS 

was penetrated by light at 625 nm in order to 

reach the c-Si substrate. The peak at 1035 cm-1 

represented the transversal photon propagating; 

the peaks at 1262 and 1527 cm-1 may be caused 

by shifting Si-H stretching vibrations. 

 
Figure 5. Raman of PS n-type by etching time 15 min, by 

current density 20 mA/cm2 and HFc= 20 %. 

J-V characterization clarified in dark was 

practically measured in direction of forward and 

reverse bias from -5 to +5 V for PS layers at 

different etching times. Figure 6 shows 3 curves 

of current Al/PS/n-Si/Al under the influence of 

etching time because it affects PS nano-walls. 

With an increase in time, the resistance of PS 

increases due to the direct energy band gap. We 

see decrees current for forward and reverse 

voltage at the highest etching time due to the 

resistance increases due to the large energy band 

gap due to the decrease in the size (nano-walls as 

shown in SEM images) the effect of quantum 

confinement suggests that the etching time should 

increase. The energy band gap widens with 

decreased size. With incoming power densities of 

5, 20, 60, and 125 mW/cm2 photocurrent can 

produce electron-hole pairs in the depletion area 

due to its growing light current density as in 

Figure 6.  

In this Figure, the three curves show a decrease in 

the luminous current when increasing etching 

time, this corresponds to an increase in the 
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porosity of the silicon wafer, and this enhances the 

responsiveness of the junction that was created 

between PS and n-Si. The value of photocurrent is 

higher than the dark current, but the decrease in 

Photocurrent with increasing etching time is 

shown in Figure 6 for the same reason above. 

Table 1 shows the ideality factor and barrier 

height based on the following equation, PS layer 

structure ΦB may be examined from J-V 

calculation [51].  

𝑛 =
𝑞

𝐾𝐵𝑇

𝑑𝑉

𝑑(ln 𝐽) 
 (1) 

Ф𝐵 =
𝐾𝐵𝑇

𝑞
ln (

𝐴∗∗𝑇2

𝐽
) (2) 

Denote V represents applied voltage, (KB=1.38 x 

10-23J/K) Boltzmann constant, A**(112 for the n-

type Si) represents Richardson constant (A/cm2 

K2), and J denotes the forward current density 

(µA/cm2) [52].  

Table 1. The height of the barrier, Value of ideality 

factor and the Saturation current for the sample PS at a 

varied prepared time of Sample. 

Sample PS Js (µA/cm2) n ФBx10-4 (eV) 

5 min. 1.5 5.8 0.686 

15 min. 1.3 5.37 0.688 

25 min. 1.1 5.56 0.693 

 

  

  
Figure 6. Jph–V characterization of Al/n-S/PS by different etching time (a) 5 min. (b), 15min., (c) 25 min, by 

current density 20 mA/cm2 and HFc= 20 %. 

Figure 7 shows the spectral responsivity of the 

Al/PS/n-Si/Al photoelectric detector after working 

with PS at different etching times of 5, 15, and 25 

minutes, respectively, in the range of 400-900 nm 

at the bias of 2 Volts. Changing the response or 

spectral sensitivity is very important to determine 

the performance of the detector. Responsivity (Rλ) 

is the ratio between photocurrent products (Iph) to 

the power light incident (Pin) increase in Rλ was 

evident with the increase in etching time, and the 

peaks were relatively consistent, the first at 600 

nm for PS and the second region at 850 nm for Si 

(due to native oxide on the Si layer), the highest 

Rλ of the photo-detector device compared to other 

detectors PS were manufactured in a short time. 

This enhances distinctive the distinctive applied 

properties of Si due to the quantum confinement 

effect. 
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Figure 7. The Spectral responsiveness of Al/n-Si/PS/Al 

under various etching times 5, 15, and 25 min., with a 

current density of 20 mA/cm2 and HFc= 20 %. 

CONCLUSIONS 
In this work, a silicon matrix was manufactured in 

a way (PEC) with a different etching time, 

Between X-ray diffraction an increase in the 

intensity of the sharp peak of monocrystalline 

silicon with the same orientation, explained the 

morphology of the surface SEM the formation of 

larger pores accompanied by an increase in the 

energy gap with a decrease in wavelength (PL) 

These characteristics enabled us to manufacture a 

detector with a distinct spectral response that 

increases with increasing engraving time and an 

ideal factor that increases with a decreasing 

saturation current that enables us to obtain a 

photodetector in the least time, easiest and fastest 

Preparatory method. 
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