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ABSTRACT 
 

 

In biomedical applications, optical communication links guarantee high data rates, low 

power consumptions and high electromagnetic compatibility. From these considerations, in 

this Thesis novel circuits and systems for optical data links in biotelemetry applications 

have been developed. More in detail, a complete biotelemetry system has been designed 

and implemented, both with discrete components and as full-custom integrated circuit. It 

includes digital architectures for the data coding/decoding, employing an UWB-based 

modulation technique, and analogue circuits to drive lasers and for the signal conditioning 

of photodiodes. The system has been firstly implemented and tested by using commercial 

devices so achieving data rates up to 300 Mbps with an energy efficiency of 37 pJ/bit and a 

maximum BER of 10ī10. Subsequently, the developed solution has been suitably designed, 

at transistor level, for its microelectronic integration in AMS 0.35 ɛm standard CMOS 

technology and, after its fabrication, has been fully characterized with data rates up to 250 

Mbps so obtaining an energy efficiency of 160 pJ/bit with a maximum BER of 10ī10. 

Moreover, possible applications of the system are also reported, such as a neural recording 

system (work in collaboration with the Centre for Bio-Inspired Technology, Imperial 

College London, UK), a tactile sensory feedback system (work in collaboration with the 

COSMIC Lab, DITEN, University of Genova, Italy) and an event-driven serial 

communication on optical fiber for robotic applications (work in collaboration with iCub 

Facility, Istituto Italiano di Tecnologia - IIT, Genova, Italy). Furthermore, the acquired 

skills have been employed to design optoelectronic circuits and systems to be applied to 

optical transcutaneous oxygen sensing solutions that result to be particularly important for 

the fight against the COVID-19 pandemic. More in detail, different full-custom integrated 

photodiodes and analogue front-end circuits for their interfacing, as well as an optical 

wireless power transfer system, have been also developed (work in collaboration with the 

Worcester Polytechnic Institute, Worcester, USA). Finally, further related works, always 

concerning biomedical applications, are reported as appendices. 
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INTRODUCTION 
 

The future electronic and optoelectronics systems for industrial, medical and life sciences 

applications will employ an increasing number of sensors to measure different physical and 

chemical parameters like pH values, humidity, temperature in exothermic and endothermic 

chemical processes, spatial parameters, object shapes and surface roughness. The data 

generated by the sensors must be acquired and elaborated to performing autonomous 

operations or parameters monitoring. For example, the improvements in biomedical 

engineering allow to extract and process information carried out by neural and biological 

signals and to control external electrics and electronics life-aid apparatus, like body-

machine and/or brain-computer-interfaces, with the aim to recover a satisfactory life 

quality of patients with physical and/or neurological diseases [1] [2]. In these regards, 

prosthetic limb, for example, must be equipped with arrays of tactile sensory systems 

interacting with the external environment to restore as much as possible the sense of touch 

of a human limb. Moreover, the stimulation of neuronal cells is useful against uncontrolled 

epilepsy [3]. Also, for the neuronal clinical applications a large number of sensors are 

necessary to record these signals that can come-from or go-to the brain cortical area by 

means of the design and implementation of implantable bidirectional biotelemetry links 

that connect specific internal parts of the patient body to be monitored or activated by 

external equipment.  

The previous two applications are examples, similar to many others, that highlight the aim 

of the research in neuronal medical fields that, for many aspects, are not so dissimilar from 

those ones related to the developments of humanoid robots. All these applications have in 

common the acquisition of a large amount of data from different kinds of sensors, the 

elaboration of these data to permit autonomous decision-making activities with the 

subsequent elaboration of procedures for the activation of devices and/or the generation of 

stimuli. Typically, these analog signals must be transmitted from the sensors to a read-out 

circuitry that uses them as its input data.  

The circuitry, in turn, provides the signal digital conversion by using an Analog-to-Digital 

Converter (ADC) and then, passes the digitized data to a processing unit. In general, the 

processing unit runs a statistical learning algorithm on the data to extract the meaningful 

information about the physical variations, for example in life-aid apparatus, of the touched 

object and, on this basis, drives a stimulator that provides to generate a series of electro-

tactile stimuli understandable by the patient [4]. In this case, a large number of tactile 

sensors together with other types of sensors (depending on the specific application and use) 
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must be employed with fast response electronic circuitries for obtaining human-like touch 

sensing capabilities. Similar considerations can be done for the transcutaneous implanted 

systems that acquires neural signals and transfers them from inside to outside (and vice 

versa) of the patient body suffering physical and/or neurological diseases. The neural 

signals are analog electrical pulses detected by micro- and nano-sensor arrays directly 

inserted into the patient brain [5]. An implanted electronic circuitry is used to acquire the 

signals from these sensors and to digitally decode them in a form to be transmitted to 

external controlling and/or actuation devices. In this case, whatever be the transmission 

methodology, the implemented transcutaneous telemetries must operate at high data rates 

with exceptional energy-efficiency in terms of very low overall power consumption. This 

is an important system issue for ensuring the health of the patient since the power spent to 

activate the telemetry operations for the data acquisition and transmission is dissipated as 

heat in the tissue and can cause severe damage if the dermal thermal limits are exceeded. 

For this, the consequent specific requirement in transcutaneous implanted systems is to 

obtain their operation in the low-voltage and low-current regime [6] [7].  

From the above discussed applications, it would be clear that the type of sensors to be 

employed is directly related to the specific applications but the general requirements are 

the design and fabrication of electronic analog/digital circuitries for the acquisition, 

elaboration and transmission of a very large number of data with fast response times (i.e., 

very large frequency bandwidth) to compel the requirements of an immediate response to 

stimuli and the activation of body-machines, prosthetics devices and/or brain-computer-

interfaces. 

In this Thesis are reported in detail the implementation of optoelectronic systems together 

with the electronic analogue and digital circuitries designed for the coding and decoding 

processes of the sensor-generated voltage signals for the applications above outlined: 

activation, control and transmission of stimuli for tactile sensory feedback in prosthetic 

devices; implantable biotelemetry system for neural signal recording and biological data 

monitoring. For these applications the transmission of the coded data towards the decoding 

circuitry is achieved by means of an optical link that is composed of a large bandwidth 

semiconductor laser and Si Photodiode (PD). As reported in the Literature, for the coded 

data transmission can be used different approaches like: (i) simple wire connections in 

percutaneous systems that are, however, uncomfortable and potentially cause of infections 

and diseases [8] and, (i),  radiofrequency techniques employing antennas as the wide band 

transmitters and receivers [9]. The drawbacks of these approaches for the applications 

which are interested in, are the resulting poor electromagnetic compatibility and signal 
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integrity [10] and the increase of the electrical power as the operation frequency increases 

that can generate dermal injuries. Moreover, these data transmission techniques cannot be 

or are difficult to be integrated in small dimensions even if attempts have been recently 

reported in miniaturizing the radiofrequency devices [11].  

On the other hand, the optical data transmission links based on optoelectronic components 

avoids all these drawbacks because they are ideally insensitive to electromagnetic 

disturbances (i.e., the optical carrier frequencies are many orders of magnitude higher than 

those ones of the electromagnetic radiation achievable with electronic circuitries), 

guarantee the best achievable signal integrity with minimum Bit Error Ratio (BER), can be 

fabricated using the standard Si CMOS integrated technology in micrometer square 

resulting area so allowing operations at very low-voltage and low-power. Moreover, as 

happens in the optical long/medium/short haul telecommunication networks, the 

achievable very large frequency bandwidth of the optoelectronic devices (i.e., laser and 

PD) and of the optical fibers used for the optical links allows using the same transmission 

channel to transmit the signals generated by different kinds of sensor arrays. This is an 

important advantage of the optical links respect to the other possible transmission 

technologies and greatly simplify the hardware of the prosthetic and biomedical devices. 

The latter is preferred to transmit data in prosthetic devices and in robots while the free 

space propagation is used in implantable system so avoiding the use of wired and 

radiofrequencies techniques [12].  

The typical optical transmission link requires to accomplish the following implementation 

steps: (i) the ADC conversion of the sensor signals and the data pre-processing;  (ii) the 

coding process for the generation of a sequence of digital data by using a suitable coding 

scheme for the transmission of also the Clock synchronization signal [13];  (iii) the 

generation of a sequence of current pulses replica of the digital ones; (iv) the generation of 

a sequence of laser pulses replica of the current ones; (v) the conversion of the sequence of 

laser pulses in a sequence voltage pulses generated by the PD; (vi) the transmission Clock 

recovery for the final decoding process and data post-processing. In the following 

paragraphs all these steps will be described in detail for tactile sensory feedback systems in 

prosthetics devices and for implantable biotelemetry systems. Due to the present Covid-19 

global pandemic, another important application of optoelectronic systems is the measuring 

of respiration parameters such as the partial pressure of oxygen and carbon dioxide in the 

blood, the respiration rate, and the peripheral blood oxygen saturation. In this sense, 

several optoelectronic analog front-end based on the fluorescent oxygen sensing technique 

have been reported [14]. Also in these cases, the systems require a light source (typically 
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semiconductor lasers or Light Emitting Diode (LED)ôs emitting at some specific 

wavelength), PD and electronics circuitries necessary for the signal conditioning, such as 

transimpedance amplifier, driver and digital elaboration unit.  
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1. DATA LINK SYSTEMS ς STATE OF THE ART 
 

In this chapter, a generic data link architecture for biomedical applications, such as 

biotelemetry systems, is described. In particular, biotelemetry is a specific field of 

telemetry that permits transmission of biological information from a subject to a remote 

monitoring site as reported in Figure 1. The sensor signals are first converted to the 

electrical signals and after arranged for their transmission by employing Time Division 

Multiplexing (TDM) or Frequency Division Multiplexing (FDM) techniques. Then, the 

multiplexed signals are modulated according to the transmission line characteristics and 

transmitted toward the receiver system. Typically, the receiver is composed of a suitable 

detectors (i.e. for optical link a PD) and of amplifiers and filters able to regenerate the 

current or voltage signals coming from the detector. At this time, the information carried 

out by the signals are decoded and used as monitoring of biological parameters or as active 

feedback to drive control equipment. As shown in Figure 1, the biotelemetry systems can 

make use of Radio Frequency (RF) techniques or light free propagation for the wireless 

applications (e.g., for space satellite communication links) and coaxial cables or optical 

fibers for all those applications for which wireless transmission is not possible [15]. 

For example, if light is used to transmit information inside the body of a robot, in general, 

straight propagation is not available and the transmission can be easily obtained by 

employing an optical fiber. If now we restrict our attention on the implantable medical 

devices, they are electronic devices able to perform Electromyography (EMG), 

Electrocardiogram (ECG), Electroretinogram (ERG) and Electrooculography (EOG) of 

 

 
Figure 1 - The block diagram of a generic biotelemetry system. 
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the patient by sending current signal probes to various parts of the patient body. In general, 

an implantable device consists of two subsystems: an internal subsystem located 

underneath the patient body skin and an external one acting as the controller of the all the 

operations to be performed. The external subsystem is also used for powering the 

implantable device and for sending the achieved data to external equipment, for example, 

for the physician monitoring. 

Especially for implanted biotelemetry systems, several characteristics must be considered 

[16]: 

 

- Low Power Consumption: Low power consumption is the main requirement for 

medical implantable devices where the large dissipation in power increases the 

possibility to damage the soft tissues of the human body. The changing of batteries 

or their recharging is, generally, inconvenient, difficult, costly and even risky for 

the patient; all implantable medical devices need to use as less as possible electrical 

power. 

- High Reliability: A failure of the implantable medical device can produce pain, 

damage or even the death of the patient. Since device maintenance is also costly 

and risky for the patient, any effort must be done to guarantee the maximum 

possible reliability of the implanted devices. 

- Low Voltage Signals: Most of the natural signals generated inside the human bodies 

(e.g., the neural signals) as well as the corresponding output signals of the 

electronic transducers are in the range from few tens of µV  to 1 V. This means that 

special care must be done in sensing and amplifying the signals assuring, at the 

same time, to design and implement very low noise electronic conditioning 

circuitries. 

- Low Frequencies: The frequency of biological signals varies from a fraction of Hz 

to several kHz, Moreover, most of the implantable devices are powered by low-

frequency (<1 MHz) magnetically coupled coils that are often frequency modulated 

to include the data telemetry. Nowadays, the design of the implantable devices 

must comply the standard of the Medical Implant Communications Service (MICS) 

with a frequency band ranging from 401 MHz to 406 MHz [17]. 

- Small Size: Implantable devices need to be as small as possible in size in order to 

be as small as possible invasive for the patient body. Taking into consideration the 

CMOS technology, this does not always mean that the silicon area should be as 

small as possible, because an increase the silicon area can be fruitful for including 

also external components and this can reduce the overall device complexity. In 
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addition, the use of some methods such as the auto-zeroing techniques, the FPGA 

paradigm and the artificial intelligence methodology can help to minimize the 

overall device size. 

In recent years, numerous methods for the realization of low power and high data rate 

implantable RF biotelemetry transmitters have been presented in the Literature to perform 

wireless communications. The common implementation for these wireless transmitters is 

the use of the 433 MHz Wireless Medical Telemetry Service (WMTS) frequency band. A 

transmitter with the 433 MHz WMTS band presents advantages in the transmitter power 

consumption. in minimizing the free-space path losses and operation frequency. However, 

poor antenna efficiency due to reduced size of the implantable device is an unavoidable 

drawback. In order to reduce the size of the antenna in the transmitter, the use of the 2.4 

GHz Industrial, Scientific and Medical (ISM) frequency band has been proposed but, for 

this frequency band, the power level of the transmitted signal is more attenuated by the 

human. The skin penetration depth ŭ of an electromagnetic field is estimated by the 

following relation: 

 ρ                                             (1) 

where ɤ is the frequency of the signal, ‐ᴂ the real part of the tissue permittivity, ɛ the tissue 

permeability and ů the tissue conductivity. It is worth noting that, assuming for simplicity 

constant the material parameters, the skin penetration depth is inversely proportional to the 

frequency. Thus, RF devices using the 2.4 GHz ISM frequency band and those ones 

operating at higher frequencies are attenuated more than the devices working in the 433 

MHz WMTS frequency band: this strongly limits the available penetration depth for the 

transmitters [18]. Another limit for a FR-based communication is the Specific Absorption 

Rate (SAR), defined as: 

ὛὃὙ ᷿
ȿ ȿ

Ὠὶ                                 (2) 

where ů is the sample electrical conductivity, E the RMS electric field, ɟ the sample 

density and V the volume of the sample. The SAR is a measure of the rate at which the 

electromagnetic energy is absorbed per unit mass by a human body when exposed to 

electric fields with a frequency ranging between 100 kHz and 10 GHz. For example, in the 

European Union, for mobile phones and other similar hand-held devices, the SAR limit is 2 

W/kg averaged over the 10 g of tissue absorbing most of the electromagnetic signal. 
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On the other hand, using light for the data transmission, the following advantages over the 

conventional RF telemetry are expected [19]: 

- It is possible to achieve wide-band signal transmission relatively easily. This 

corresponds to the possibility of information transmission with a good frequency 

characteristic or a high-speed temporal response. In another view, it indicates the 

possibility of high-speed large-capacity transmission of information. 

- It is possible to control much easier the electromagnetic interference respect to the 

RF telemetry. The light signal in optical telemetry does not produce interference 

effects with electromagnetic signals of other instruments. Moreover, also the 

shielding and securing safety can be done in a relatively easy way. 

- The legal restrictions in using light for data communication are not as strict as for 

the RF-based systems. 

To design an optical biotelemetry system, it is necessary to choose the wavelength of the 

optical source featuring as the transmitter (i.e., the laser wavelength) on the basis of the 

absorption spectra of the major constituents of a human skin shown in Figure 2. Any 

wavelength of light, or ultraviolet-visible-infrared range, can be used for optical telemetry 

in principle. However, with ultraviolet light, the adverse effect on our health becomes a 

problem in a prolonged use. As for visible light, there may be a psychological effect on the 

subject. Further, in this wavelength, there are many sources of optical noise such as indoor 

lighting. With infrared light particularly of 700ï1200 nm wavelength, such problems are 

few. Moreover, in this wavelength, the optical absorption of body tissue is relatively low, 

and we can expect high optical transmission through our body. For wavelengths less than 

700 nm and greater than 1200 nm the absorption of the haemoglobin and water are 

predominant, respectively. Furthermore, for these wavelength values used in optical fiber 

communication, there are a large availability of semiconductor lasers and detectors.  

On the other hand, possible spatial misalignments between the optical source and the 

sensitive area of the photodetector represents the main disadvantage in optical wireless 

biotelemetry. Finally, for what concerns biotelemetry based on ultrasonic sources, these 

kinds of device can accomplish a good level of biocompatibility at the expenses of a low 

data rate and large transducer size. For these reasons, they are not suitable for implanted 

biotelemetry. Another important aspect in implanted biotelemetry systems is the choice of 

the modulation technique that impacts on the overall power consumption, bandwidth and 

system efficiency. Figure 3 shows the most common modulation techniques employed in 

biomedical devices [16]. 
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Figure 2 - Absorption spectra of human skin constituents. 

 

 

 

Figure 3 ï Modulation techniques commonly used in biomedical devices. 

 

Where Amplitude Shift Keying (ASK), Phase Shift Keying (PSK) and Frequency Shift 

Keying (FSK) are classic Amplitude, Phase and Frequency modulations, respectively. The 

transmission of multiple bit for each Symbol can be easily implemented in PSK 

modulations (i.e. Biphase Phase Shift Keying (BPSK), Quadrature Phase Shift Keying 

(QPSK) or 8-PSK). 

The ASK or On/Off Keying (OOK) is the simplest digital modulation used to implement 

wireless telemetry in bio-devices and biomedical implanted devices. In these types of 

modulation no carrier is used during the transmission and this help to minimize the power 

consumption of the modulator. The principle of ASK transmission is explained as shown in 

Figure 4 and Equation 3: 

 



 

18 

 

 

Figure 4 - Principle of ASK modulation. 

 

where ASK is the modulated signal defined as the product of b(t) (the binary Data 

message) and c(t) (the carrier signal). The Eb is the bit energy and Tb the bit duration. Two 

are the methods used to operate the ASK demodulation: the coherent and non-coherent 

detection. 

ὃὛὑ ὸ ὦὸ ὧὸ 

ὦὸ
Ὁ Ὢέὶ Ὀὥὸὥ ρ

  π    Ὢέὶ Ὀὥὸὥ π
                                              (3) 
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The coherent method employs the carrier phase information for the detection by means of a 

product detector and a phase-locked beat frequency oscillator. In the non-coherent 

methods, no carrier phase is used for the detection that is based on filtering the signal 

energy within allocated spectra and envelope detectors. From the characteristics of the two 

types of detection, the non-coherent method is that one more widely choose for its 

simplicity and low power consumption. In particular, the performance degradation of the 

non-coherent method is equal to about 1ï3 dB if  compared to that one of the coherent 

detection since it depends on the energy per bit to noise power spectral density ratio Eb/N0. 

On the other hand, the operation principle of the FSK modulation technique is to send the 

binary data at two different frequencies. In the non-coherent FSK modulation, the two 

frequencies are associated to the transmission of the {1}  and { 0}  as it is shown in Figure 5. 

The bit association can be simply represented by the following two relations: 

Ὓ ὸ ὃ ὧέίς“Ὢ ‰ ȟ       ὯὝ ὸ  Ὧ ρὝ                     ὦὭὸ ρ 

(4) 

Ὓ ὸ ὃ ὧέίς“Ὢ ‰ ȟ       ὯὝ ὸ  Ὧ ρὝ                     ὦὭὸ π 

where ʟ 1 and ʟ 2 are the initial phases at t=0 of the two sinusoidal waves that, in general, do 

not have the same value. T is the bit period of the binary data. This type of modulation can 

be generated by suitably switching the modulator output line between two oscillators. 
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Figure 5 - Principle of FSK modulation. 

 

In the coherent type of FSK modulation, the two signals Ὓ ὸ and Ὓ ὸ must have the 

same initial phase ʟ at t=0. 

 In the end, the simplest version of the PSK can be considered an ASK modulation where 

each Non-Return to Zero (NRZ) data bit of value 0 is mapped into a ī1 and each NRZ 1 is 

mapped into a + 1. As shown in Figure 6, the resulting modulated signal can assume a 

value equal to the signals S1(t) or S2(t) with a phase variation of 180° coherent with the 

data that must be transmitted. 

Ὓ ὸ ὃ ὧέίς“Ὢ ȟ          ὯὝ ὸ  Ὧ ρὝ                     ὦὭὸ ρ 

(5) 

Ὓ ὸ ὃ ὧέίς“Ὢ ȟ       ὯὝ ὸ  Ὧ ρὝ                     ὦὭὸ π 

The data demodulation procedure for the PSK technique is more complicated than those 

ones for the ASK and FSK techniques, because it requires a carrier recovery system that 

must guarantee the best S/N versus BER values. Some examples of a complete data link 

system, representing the state-of-the-art for biotelemetry applications, are described in the 

following. In Ref. [20] it is proposed an implantable 64-channel closed-loop Near-Field 

Communication (NFC) system for real-time monitoring of gastric electrical activity. As 

shown in Figure 7, the system is composed by an implantable unit and an external unit. 

 

 
Figure 6 - Principle of PSK modulation. 
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The internal unit is able to acquire, encode and transmit a bitstream through two coupled 

coils. The same coils are used also to provide power to the implantable unit. The external 

unit demodulates the incoming data using an envelope detector embedded in the Radio 

Frequency Identification (RFID) reader (TRF7970, Texas Instruments -TI-), decodes them 

by the microcontroller and perform a real-time monitoring through an ISM-band RF 

transceiver or stores the data locally on a microSD memory card. Moreover, the external 

unit manages the wireless power transfer towards the implantable unit. Starting from the 

bitstream to be transmitted, panel (a) in Figure 8, a Manchester encoding illustrated in 

panel (b) generates a transition ó0ô-ó1ô if a logic state equal to zero is transmitted or a 

transition ó1ô-ó0ô for the logic state one. The digital sequences of ó0ôs and ó1ôs are encoded 

by differential pulse position algorithm (see panel (c) of Figure 8) at the implantable unit, 

and the encoded data modulated over a 13.56 MHz carrier signal, can be seen by the 

envelope detector at the external unit (see panel (d) of Figure 8). In vitro studies 

demonstrated that the system can successfully records the signals akin to gastric 

bioelectrical activity from 64 independent channels with a sampling rate of 16 samples per 

second per channel through the inductive NFC at a data rate of 125 kb/s that 

simultaneously recharges the implantable unit local battery. In Ref. [21] is reported an 

optical telemetric link capable of providing a high data rate at a low power consumption 

for the transcutaneous transmission of neural signals. As well as the previous case, the 

telemetric link is designed for operation as the interface between an implanted cortical 

array and an external receiver, as reported in Figure 9. 

 

 
Figure 7 ï The detailed block diagram of a NFC communication system. 
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Figure 8 ï Data coding algorithm of a pulsed Manchester encoding. 

 

The basic principle of the communication system is very similar to a fiber optics 

communication link, but the transmission medium is fundamentally different. Human skin 

is a multi-layered material composed of epidermis, dermis and sub-dermis and, when a 

light beam passes through this layer stack, photons experience reflection, absorption and 

scattering. Thus, in order to collect the largest numbers of photons, the authors have used a 

Si photodiode with a large size of the sensitive area. The major drawback of this 

architecture is the reduced response time of the system because large sensitive area 

photodiodes have great junction capacitances limiting their operation bandwidth. 

 In Figure 10, the authors of Ref. 10 have realized an integrated low power current mirror 

circuitry for driving a Vertical Cavity Surface Emitting Laser (VCSEL) emitting at the 

wavelength of 850 nm (see panel A) and (see panel B) a transimpedance amplifier for the 

conditioning of s Si p-i-n photodiode. 

 

 

Figure 9 - Block diagram of an optical transcutaneous link. 
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Figure 10 - Electronic interfaces of (A) the  internal device and (B) the external device of an optical transcutaneous link. 

 

The overall system is able to transmit data using a simple non-return-to-zero (NRZ) 

modulation though a 2.5 mm thick perfused tissue at a data rate of 100 Mbps with a BER 

<2×10ī7 (evaluated by using an FPGA board) and an overall electrical power consumption 

of 2.1 mW. 

The same authors present in [22] a bidirectional optical transcutaneous telemetric link for 

brain machine interface. Using the bidirectional link reported in Figure 11, it is possible to 

observe neural activity and apply neural stimuli accordingly. However, it is important to 

avoid any form of optical cross-talk between the two communication channels that share 

the same transmission medium, as illustrated in Figure 12. The authors use a VCSEL 

emitting at 680 nm for the downlink transmit data from the external base unit to the 

implantable one. A second VCSEL emitting at 850 nm is utilised in the uplink for data 

transmission from the implantable unit to the external device. In order to avoid 

unintentional detection of the 680 nm downlink signal, an optical bandpass filter with a 

transmission efficiency of 95% is used to block this unwanted signal and allow most of the 

850 nm signal to pass through the skin. In this way, in the optical downlink, the data are 

transmitted at the data rate of 1 Mbps through a 2 mm of porcine skin with a power 

consumption of 290 ɛW in the implantable receiver. 

 

 

Figure 11 - Block diagram of a bidirectional optical transcutaneous link. 
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Figure 12 - Scattering, absorption and reflection of an optical signal in human skin. 

 

This corresponds to a transmission efficiency of 290 pJ/bit. In uplink, the data rate is of 

100 Mbps with an electrical power consumption of 3.2 mW in the implanted transmitter. 

This corresponds to a transmission efficiency of 32 pJ/bit. 

In Ref. [23] the authors propose a low-power, high data rate impulse Ultra-WideBand 

(UWB) RF transmitter. The system is shown in Figure 13. Starting from a clock signal and 

the data stream to be transmitted, the system generates a train of voltage pulses where the 

position of the pulses determines the transmitted bit implementing a Pulse Position 

Modulation (PPM). The generated pulses control a Low-Dropout Regulator (LDO) that 

supplies the oscillator. The transmitter occupies 0.055 mm2 in 0.13µm CMOS technology 

and is capable of transmitting pulses at a frequency of 135MHz. The electrical power 

consumption is equal to 10pJ/bit. In Table 1, the comparison of achieved performances of 

the state-of-the-art of wireless biotelemetry solutions that can be found in Literature is 

presented. The results show that the optical data link is a good choice in biotelemetry 

applications, even if other solutions are commonly used. 

 

 

Figure 13 ï Block diagram of an IR-UWB transmitter architecture (on the left) and some related experimental results (on 

the right). 

 

 












































































































































































































































