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ABSTRACT 

Black silicon (BSi) are silicon substrates that have a needle-like morphological surface in the nano/micro scale. These 

nano/micro structures suppress the reflection of light off the BSi surface and traps the light, enabling a variety of 

applications such as high efficiency solar cells, photodetectors and as recently reported infrared (IR) radiation sources. 

The BSi can be fabricated using various methods such as femto-second laser treatment, chemical etching and cryogenic 

deep reactive ion etching (DRIE). In this work, lightly-doped BSi is fabricated using cryogenic DRIE in a maskless 

manner and its transmittance and reflectance are measured using an integrating sphere and a spectrometer in the NIR 

wavelength range of 1300 nm - 2500 nm. Then, the surface is cleaned and copper (Cu) is deposited on the BSi using the 

wet deposition technique of electroless plating, enabling high throughput coating. The copper ions are deposited on the 

BSi surface in a Cu sulphate solution, taking advantage of the conformity of the plating to the nano/micro structures of 

the BSi targeting lower reflectance and higher absorptivity. The Cu-plated BSi is measured and observed to have a 

minimum reflectance of 10% compared to 30% in the case of BSi, and a minimum transmittance of 10% compared to 

40% in the bare black silicon. Thus, the Cu-plated BSi has a maximum absorptivity of about 80% compared to 30% in 

the bare BSi. The absorptivity is found to decrease with increasing the wavelength. This enhancement using the 

electroless Cu plating further qualifies the BSi as a candidate for NIR thermal light sources. 
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1. INTRODUCTION 

Polished silicon substrates have high reflectivity which disqualifies it from being used in applications that require high 

absorptivity materials such as photodetectors, solar cells and black body radiation sources. One of the techniques used to 

reduce the reflectivity of silicon substrates, thus increasing its absorptivity, is the nano/micro-structuring of the silicon 

surface to produce what is known as Black Silicon
1,2

. The produced black silicon surface has a needle-like morphological 

surface. The incident optical radiation on the black silicon experiences multiple reflections between the nano/micro 

needles on its surface. This reduces the overall reflection coefficient of the black silicon substrate causing it to appear 

black in the visible range and hence the name black silicon. Consequently, the black silicon opens the door for many 

applications such as high efficiency solar cells
3–5

, photodetectors
6
 and as recently reported infrared (IR) radiation 

sources
7,8

. However, the reflection coefficient could be further reduced if the needle like structures on the surface of the 

black silicon were confromally plated by a metal. This idea is close to the principle of operation of the microwave 

anechoic chambers where metal cones are used to suppress the microwaves reflection off the walls of the chamber 



enabling accurate measurements of  microwave devices. The metal used in this paper is copper. An interesting metal 

plating technique is the electroless plating
9,10

 which has many applications such as coating of on-chip radio frequency 

inductors
11

 and low resistivity metal contacts of solar cells
12,13

. This technique is used in this paper to provide conformal 

metal layer on the needle-like structures on the black silicon surface without destroying them. The absorptivity 

enhancement provided by the copper plating of the black silicon further qualifies the black silicon as a candidate for 

integrated NIR thermal light sources. The fabrication of the needle-like nano/micro structure on the silicon surface is 

discussed in section 2. In section 3, the electroless plating of copper on the black silicon is discussed and the used recipe 

is given. Finally, in section 4, the experimental setups used to measure the absorptivity of the copper plated black silicon 

are shown and the results are discussed. 

 

2. BLACK SILICON FABRICATION 

Black silicon can be fabricated in many ways such as femto-second laser treatment, chemical etching and cryogenic deep 

reactive ion etching
14

. In this paper, lightly-doped black silicon is fabricated using a mask-free cryogenic deep reactive 

ion etching process. The fabrication was done with the same process as in a previous work
1
. The plasma of Sulphur 

Hexafluoride (SF6) and Oxygen (O2) were used to fabricate the black silicon. The Sulphur Hexafluoride gas acts as a 

source of fluorinated radicals (F*) which react with silicon as follows : 

     4F      F4  

The formed SiF4 is volatile. Simultaneously, the fluorinated radicals react with the silicon and the oxygen radicals as 

follows : 

     4F      F4  

                    

The formed SiOyFx is formed on the side walls of the etched silicon and acts as a passivation layer which stops the side 

wall etching enabling the formation of the needle-like nano/micro-structures of the black silicon. It is to be noted that 

this passivation layer is volatile at room temperature, so this process is carried out at cryogenic temperature. The used 

process parameters are summarized in Table 1. 

Process parameter Value 

Name of the reactor used Alcatel 601E 

Power of the reactor  1000 W 

Gas pressure 1.5 Pa 

Oxygen gas flow rate 10 sccm 

Sulphur Hexafluoride gas flow rate 200 sccm 

Wafer type single-crystalline n-type silicon (100) wafer 



Wafer thickness 525 um 

Wafer resistivity 1-20 Ω.cm 

 

Table 1. Black silicon fabrication process parameters 

  

An SEM of the fabricated black silicon is shown in Fig.1. The height of the needle-like nano/micro-structures on the 

black silicon surface is 1-3 µm and has a periodicity of  0.5-1 µm. 

 

Figure 1. An SEM of the surface of the fabricated black silicon 

 

3. ELECTROLESS PLATING OF COPPER ON BLACK SILICON 

Electroless plating has many advantages over electroplating and sputtering. In the electroless plating technique, the metal 

is deposited on the surface of the substrate from a chemical solution so, it doesn't require a lot of equipments which 

makes the electroless plating a low cost solution and that was one of the main drivers of using it in the contacts of the 

solar cells instead of the formerly used silver paste
13

. Another advantage of the electroless plating and the one we care 

about most in this paper is the conformal plating of the substrate. This allows the conformal plating of the needle-like 

structures on the surface of the black silicon thus preserving the structure shape and its beneficial properties of trapping 

the input optical radiation. If sputtering had been used, these needle-like structures would have been destroyed and the 

property of trapping of the input optical radiation would have been lost. To plate the black silicon, first, the native oxide 

layer on the surface of the silicon is removed using Hydrogen Fluoride (HF)
15

. 2.5 mL of 40% Hydrogen Fluoride were 

mixed with 50 mL of distilled water and the samples were dipped in the mixture for a minute. The chemical reaction 

takes place as follows :  

                                

In electroplating, the metal ions found in the metal salt solution are attracted to the surface of the substrate due to the 

voltage applied to the substrate and the metal is reduced and deposited on the surface of the substrate
16

. However, in 

electroless plating, no voltage is applied to the substrate so another mechanism for metal deposition on the silicon 

surface is required. Mechanisms used to plate the black silicon with copper can be found in the literature
10,17

. To plate the 

black silicon samples, the samples are dipped in a mixture of two solutions and the thickness of the copper deposited on 

the silicon surface is controlled by the deposition time.  The first solution is 2.5 mL of 40% Hydrogen Fluoride in 50 mL 



of distilled water and the second solution is 8 mg of copper sulphate (CuSO4)  in 50 mL of distilled water. The chemical 

reactions happening in this mechanism mimic the oxidation and reduction reactions that happen in the case of the 

electroplating. At first, the oxidation reaction takes place as follows : 

                        

The resultant      -
 is soluble. Then, the reduction reaction takes place as follows : 

                

The overall reaction is as follows : 

                          

The resultant Cu is deposited on the surface of the black silicon. It is to be noted that the fact that n-type silicon is 

macroscopically neutral in charge but microscopically, the surface has roaming negative charges help attract the metal 

ions from the metal solution on to the surface of the silicon to be reduced. In this paper, three copper coated black silicon 

samples with three different thicknesses were fabricated by controlling the time of deposition. Their absorptivity have 

been measured and the results are discussed in the following section. 

 

4. EXPERIMENTAL SETUP AND MEASUREMENTS 

To measure the absorptivity of the black silicon samples, the reflection and the transmission of the samples are measured 

and the absorptivity is calculated as follows : 

                                                                          

4.1 Reflection measurement setup 

The setup used to measure the reflection of the samples is shown in Fig.2. The setup is based on using an integrating 

sphere with a fourier transform infrared (FT-IR) spectrometer
18

. An NIR light source was used with a lens in a 2F 

configuration to focus the light on the black silicon samples where F is the focal length of the lens.  

 

Figure 2. Reflection measurement setup 

 



The samples are slightly titled ( < 10
o
) so that the reflected light hits the inside of the integrating sphere. The reflected 

light off the samples experience multiple reflection on the inside of the spheres till it is uniformly distributed. After that, 

the light is sampled through a 550 um fiber and observed by a fourier transform infrared spectrometer in the wavelength 

range of 1300-2500 nm. An uncoated black silicon sample measurement is recorded and divided by a background 

measurement when the sample is replaced by a spectralon to get the actual sample reflection spectrum shown in Fig.3. 

 

Figure 3. Bare BSi reflection measurement 

 

After that, the copper coated black silicon samples were measured and the results are shown in Fig.4. It is noticed that 

reflection coefficient is considerably reduced to be 10-18 % instead of 30 % in the case of the uncoated samples. It is 

also noticed that the reflection is lower when the copper thickness is lower. This can be due to the fact that the copper 

starts filling the black silicon structure when the deposition time increases and the multiple reflection of incident optical 

radiation is reduced and hence the higher reflection coefficient. 

 

Figure 4. Cu coated BSi reflection measurement 

 

4.2 Transmission measurement setup 

The setup used to measure the reflection of the samples is shown in Fig.5. In this setup, the light output from the NIR 

source is collimated on the input port of the sphere. First, a background measurement is taken. After that, an uncoated 



black silicon sample was placed at the input port of the sphere closing it. The uncoated sample spectrum was obtained by 

dividing the sample measurement over the background one. The result is in Fig.6. 

 

Figure 5. Transmission measurement setup 

 

 

Figure 6. Bare BSi transmission measurement 

 

After that, the copper coated black silicon samples were measured and the results are shown in Fig.7. It is noticed that 

transmission coefficient is considerably reduced to be 10-30 % instead of 40 % in the case of the uncoated samples. It is 

also noticed that the transmission is lower when the copper thickness is higher. This is due to the fact that the incident 

optical radiation experiences more attenuation as it propagates through higher thicknesses of copper.  

 

Figure 7. Cu coated BSi reflection measurement 



4.3 Absorptivity calculation 

Based on the transmission and reflection measurements of the samples, he absorptivity was calculated and the result is 

shown in Fig.8. It is noticed that the transmission coefficient trend takes over and the absorptivity coefficient decreases 

as the copper thickness increases. It is noticed that absorptivity coefficient is considerably enhanced to be 50-80 % 

instead of 30 % in the case of the uncoated samples. This considerable enhancement in the absorptivity further qualifies 

the copper coated black silicon as a strong candidate material for efficient photodetectors, solar cells and integrated black 

body radiation sources that can be used with MEMS spectrometers for gas sensing applications
19,20

. 

 

Figure 8. Absorptivity of bare and Cu coated BSi 

 

5. CONCLUSION 

In this work,lightly-doped BSi is fabricated using cryogenic DRIE in a maskless manner and electroless plated using Cu. 

The transmittance and reflectance are measured using an integrating sphere and a spectrometer in the NIR wavelength 

range of 1300 nm - 2500 nm. The Cu-plated BSi has a minimum reflectance of 10 % compared to 30 % in the case of 

BSi, and a minimum transmittance of 10 % compared to 40 %, respectively. Thus, the Cu-plated BSi has a maximum 

absorptivity of about 80% compared to 30% in the BSi. The absorptivity is found to decrease with increasing the 

wavelength.  
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