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 Currently, the relevance of optical devices has increased due to the physical 

limitations of the electrical transmission medium and the proximity of the 

limit of Moore's Law. Furthermore, the fabrication of optical devices on 
monolithic silicon substrates has gained importance in recent years thanks to 

manufacturing technologies in the microelectronics industry. For this reason, 

this paper aims to carry out the electrical characterization of an optical device 

manufactured with commercial austria micro system technology of 
complementary metal oxide semiconductors of 0.35 µm. The methodology 

consists of implementing an optical device, with an incandescent optical 

source called a microlamp, a waveguide and a photodiode. The microlamp 

was projected between two metal layers connected by tungsten vias that act 
as filaments covered by SiO2 dielectric to prevent oxidation. The results of the 

electrical characterization of the optical device show that the microlamp 

reaches a maximum current of 48 mA and stops working at higher currents. 

The waveguide was designed with a SiO2 core and it was discovered that the 
TiN layers were found to be part of the waveguide causing it to behave as an 

emitter in the 2.5-5 𝜇m region. 
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1. INTRODUCTION  

Optical devices became relevant three decades ago [1], [2], some reasons for this could be the 

proximity of the limit of moore's law [3] and the physical limitations of the electrical transmission medium [4]. 

Nowadays, the literature reports that the optical medium has greater bandwidth than the electrical medium, 

absence of the Joule effect and it is electromagnetic interference-free [5], [6]. Optical devices can be fabricated 

with standard microelectronic processes in a heterogeneous or monolithic substrate [7], [8].  

The main difference of using a monolithic or heterogeneous substrate in the optical device’s 

fabrication is that a monolithic substrate means a less complex fabrication process and opens the possibility to 

achieve a high packing density at lower cost. In the recent years, fabrication of optical devices in Silicon 

monolithic substrate have gained relevance by using well-known manufacturing technologies such as bulk- 

complementary metal oxide semiconductor (CMOS) and silicon-on-insulator (SOI-CMOS) [9], [10]. Silicon 

has some limitations for the fabrication of optical devices [11], [12] but it is still a viable option considering 

the plethora of techniques and processes developed in the microelectronics industry that could be used for 

fabrication of optical devices in many applications [10], [13], [14]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The contribution of this paper is the report of the electrical characterization of an optical device 

fabricated in the standard CMOS 0.35 µm technology provided by the austria micro systems (AMS) [9], [15], 

[16]. The optical device has three components: a source light, that is a microlamp emulating an incandescent 

lamp, coupled to an optical waveguide, to guide light to device’s ending that is an embedded detector, based 

on a PN photodiode, further description of the optical device is in [17], [18]. This paper is structured as follows: 

section 2, explain the concepts behind the elements of the optical device, its layout and parts and its fabrication 

in AMS 0.35 µm [9], [15], [16]. Section 3 describes the optical device’s characterization. Section 4 shows the 

results of the electrical characterization and Section 5 has the conclusions. 
 

 

2. OPTICAL DEVICE FUNDAMENTALS  

The optical device was fabricated in the back end of line (BEOL) section of the AMS CMOS 0.35 µm. 

This technology has four main metal layers: Metal1 (M1), Metal2 (M2), Metal3 (M3) and Metal4 (M4). The 

average thickness of the metal layers is 600 nm, except for the layer M4 with thickness of 2800 nm. The 

interconnection between the layers is through tungsten metallic vias and the isolation between layers is with 

SiO2 dielectric material with thickness of 1,000 nm [19]. The optical device has three components: 1) a source 

light, called microlamp because it emulates an incandescent lamp; 2) a waveguide, released in the post-

processing phase [17] and a photodiode for measuring the incoming light from the microlamp. The logical 

blocks of the optical device and the connection between them are illustrated in Figure 1. 
 

 

 
 

Figure 1. Components of the optical device; (1) microlamp, (2) waveguide, and (3) photodiode 

 

 

2.1.  Components of the optical device  

2.1.1. Microlamp 

The microlamp acts as an incandescent lamp and the stages of Principle of operation and Components 

of the micro lamp are show in Figure 2. This has a metal filament surrounded by an insulating material as 

illustrated in Figure 2(a). When an electric current (I) is injected through the microlamp filament (R) it 

dissipates thermal energy that propagates as electromagnetic waves at different wavelengths [20]. This kind of 

light source can be found in many sensing applications because it has fast thermal response [21], [22], efficient 

energy consumption [23] and compatibility with commercial manufacturing processes [24]. 

The fabrication of the microlamp with CMOS 0.35 µm has filaments made of tungsten vias that 

interconnects the metallic layers M2 and M3 and insulating material of the SiO2 dielectric placed between the 

metallic layers. The layers M1 and M4 (below and above the microlamp) were projected as sacrificial layers 

and were etched in the optical device’s post-processing to prevent conductive heat loss to the metallic layers 

or the substrate as illustrated in Figure 2(b). 

 

2.1.2. Waveguide 

An optical waveguide is a device used to confine light in a controlled manner, consisting of a core 

where the light is confined, cladding layers that are the waveguide’s walls. The waveguide is based on Total 

internal reflection (RIT), where the light beams propagate through the core reflecting off the walls [25]. The 

waveguide was fabricated in the BEOL section and coupled to the microlamp by its core. Since the microlamp 

insulating material is SiO2, the waveguide’s core was also made of this material to allow the maximum 

transference of optical power between them. The waveguide’s claddings refraction index must be lower than 

the core material (ŋ (SiO2) =1.46), a practical solution for the claddings was air material (ŋ=1).  

 

2.1.3. Photodiode 

The photodiode is a semiconductor device that transforms optical energy into electrical current and is 

made of p-type (hole-rich), n-type (electron-rich) semiconductors regions and metal contacts at the p-n 

junction, when these regions are in contact, there is a diffusion of electrons from the n region to the p region. 

The photodiode’s optical device was fabricated in the front end of Line section of the CMOS 0.35 µm, it is the 

PHDNWA850 (N-well and P-substrate) a ready model taken from the AMS toolkit. The photodiode 

responsivity characteristics and other features can be found in [26]. 
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(a) (b) 
 

Figure 2. Description of the microlamp based on (a) working principle and (b) components 

 

 

2.2.  Device components integration  
Figure 3 shows different views of the optical device with integration of the microlamp. A lateral view 

of device’s components integration is shown in Figure 3(a). The formation of the waveguide’s air claddings 

was planned with a SiO2 etching of the waveguide laterals. Since the microlamp was fabricated in layers M2 

and M3 and isolated from the exterior with the SiO2 dielectric, it must be protected during the waveguide’s 

lateral etching with reactive ion etching (RIE). For this reason, the top metal layer M4 was used as an etching 

mask because. The layer M1 under the microlamp was also etched to isolate the microlamp from the Silicon 

substrate and thus avoid heat dissipation and the waveguide’s core light being absorbed by the M1 layer. It is 

expected that part of the light travelling in the core will make several reflections in the core to hit the 

photodiode, which is placed int optical device substrate. A top view of the device fabricated in CMOS 0.35 µm 

is shown in Figure 3(b). 

After the optical device post-processing, the microlamp isolation from substrate and the waveguide 

air claddings formation was confirmed with the barrier electron microscope (MEV) [27] equipment JCM 600 

tests facilitated from the materials processing and characterization laboratory (LPCM) of FATEC-SP. In  

Figure 3(c) and Figure 3(d), the optical device MEV is focusing on the microlamp and the waveguide laterals. 

It can be observed the microlamp suspension and air waveguide claddings. 
 

 

  
(a) (b) 

  

  
(c) (d) 

  

Figure 3. Visualization of the optical device using a; (a) lateral view diagram with integration of the 

microlamp, waveguide and photodiode, (b) frontal view of the device fabricated with CMOS 0.35 µm,  

(c) device MEV focusing on the microlamp region, and (d) device MEV focusing on the waveguide laterals 
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3. ELECTRICAL DEVICE CHARACTERIZATION  

The electrical characterization of the optical device was carried out in two stages: first, individually 

in the microlamp and, second, at the junction between the waveguide and the photodiode. To perform these 

tests, the device was fixed on the platform of the Cascade Microtech Newport MPS150 test station, which has 

an anti-vibration platform and an optical microscope with a maximum capacity of 5 µm. This configuration 

provided the necessary conditions to carry out electrical measurements accurately. 

 

3.1.  Microlamp characterization  

The I-V curves of the microlamp were obtained before and after the SiO2 etching through a 

characterization process as seen in Figure 4. The microlamp resistance value was projected in 6 Ω minimizing 

the resistance of pad-microlamp path by placing multiple vias as shown in Figure 4(a). Some factors to be 

considered in the electrical characterization, is the non-desired etching of some parts in the optical device. In 

Figure 4(b) can be observed the path microlamp-pads attacked after the SiO2 etching and scratches in the pads 

with the MPS150 tips observed in Figure 4(b). All these factors in conjunction could increment the final 

measure of the microlamp’s resistance. 
 

 

  
(a) (b) 

  

Figure 4. Microlamp characterization (a) projected resistance of the microlamp minimizing pad-microlamp 

path placing multiple vias and (b) microlamp after the SiO2 etching 

 

 

3.2.  Waveguide-photodiode characterization  

The characterization of the waveguide and photodiode was carried on using an external source light, 

a dichroic light with power dimerization in 25 W, 50 W e 75 W placed away 4 cm from the photodiode. The 

energy travelling through the waveguide could be measured by the photodiode. Considering the temperature 

reached by the microlamp is in the range of 181.56-230.11 °C and based on an approximation of the blackbody 

model, the energy radiated at these temperatures is in the mid-infrared region (2,500-5,000 nm) as it is shown 

in Figure 5.  
 

 

 
 

Figure 5. Energy radiated from a blackbody. Temperatures between 150-250 °C irradiates in the 0.9-1.4 µm 

wavelength region 

 

 

4. RESULTS OF THE ELECTRICAL CHARACTERIZATION 

4.1.  Microlamp 

The process of Characterizing the current response of the microlamps was conducted Figure 6. In a 

first case, the I-V curves of six microlamps were obtained using the HP 4145 semiconductor analyzer with a 

voltage sweep (V) of 0-0.15 V on the microlamp and current (I) limitation to 300 𝜇A to avoid heating the 
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filaments. The resistances were between 33-40 Ω as observed in Figure 6(a), these values were much higher 

than the projected value. To obtain the maximum current (I) reached by the microlamp, a voltage sweep (V) 

of 0 - 3.5 V was applied in the three microlamps. The I-V curves are shown in Figure 6(b), from it is observed 

that the maximum current reached by the microlamps is between 47- 48.19 mA then it drops below 5 mA, 

indicating that the microlamp is not working anymore.  

 

 

  
(a) (b) 

 

Figure 6. Characterization of the current response of (a) six microlamp responses in voltage sweep 0-1.5 V 

limiting current to 300 𝜇A and (b) maximum current values in three microlamps in voltage sweep 0-3.5V 
 

 

4.2.  Waveguide-photodiode 

The characterization of the PHDNWA850 photodiode was conducted using an external optical source 

and a dichroic lamp with adjustable power (25W, 50W, and 75W) placed 4 cm away from the photodiode. The 

I-V curve of the photodiode is shown in Figure 7. When applying a forward bias in the photodiode, the 

threshold voltage is approximately 0.89 V and without a light injection (0W) the current (Is) is approximately 

400 𝜇A.  

The CMOS 0.35 µm AMS technology place internal titanium nitride (TiN) layers between the 

waveguide layers. This was observed only after a focused ion beam (FIB) on the waveguide’s cross section 

executed the Centro de Componentes Semicondutores e Nanotecnologias (CCSNano) da Universidade 

Estadual de Campinas. The FIB optical device is shown in Figure 8, it can be observed that the TiN layers 

thickness are between 440-450 nm. 

 

 

 
 

Figure 7. I-V curve of the PHDNWA850 photodiode at 0W, 25W, 50W, and 75W of power light 

 

 

The microlamp’s radiation region is 2.5-5 𝜇m based on the black body model, therefore the 

photodiode fabricated with silicon could not be able to detect the infrared region. Additionally, the waveguide 

will have other behavior because of the TiN have a higher refraction index than SiO2 in the region of 2.5-5 

𝜇m. Therefore, part of energy that strikes on the interface TiN/ SiO2 will be confined in the TiN layers [28]. 

Finally, the photodiode could only detect up to 1,1 𝜇m region. 
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Figure 8. FIB image of the device waveguide’s cross section. The thickness layers of TiN are between  

400-450 nm 

 

 

5. CONCLUSIONS 

This article shows the electrical characterization process of an optical device that integrates a 

microlamp, a waveguide and a photodiode. fabricated with 0.35 𝜇m CMOS technology from the AMS foundry. 

In the electrical characterization of the microlamp, it was found that the optical device withstanding maximum 

currents of 48.19 mA. Based on the blackbody model, the microlamp emits energy in infrared region of 2.5-5 

𝜇m. Therefore, it can be concluded that the microlamp could be used as an optical source (in the mid-infrared 

region). The waveguide was designed with a SiO2 core and air cladding, however, after FIB tests were found 

that TiN layers were part of the waveguide. Therefore, it can be concluded that the waveguide structure will 

not behave as a waveguide but as an emitter in the region of 2.5-5 𝜇m because TiN is a material with high 

absorption in this range. Finally, the photodiode of the optical device made of Si is limited to 1.1 𝜇m. Since 

the microlamp would radiate in the 2.5-5 𝜇m range, it can be concluded that the photodiode cannot be used as 

a detector light for the optical device. 
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