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SUMMARY  
 

 

 

 

 
This thesis summarizes the main activities that I have been carried out 

during three years of Ph.D. studies at the RF-ADC, a joint research group 

between University of Catania and STMicroelectronics Catania. 

Recently, galvanic isolation for both power supply and data 

communication is becoming mandatory in several application fields to 

guarantee safety and reliability, especially in harsh operative environments. 

A wide range of applications adopts galvanic isolation, e.g., sensor interfaces, 

serial link transceivers, low-power medical devices, and housekeeping power, 

such as gate-drivers or controllers for power converters. State-of-the-art 

isolators that manage both power and data transmission mainly adopt 

magnetic coupling by means of post-processed micro-transformers or fully 

integrated on-chip transformers. The galvanic isolation issue and the 

state-of-the-art of semiconductor isolators are presented in Chapter 1 along 

with the technology platforms adopted for this work, especially concerning 
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the implementation of galvanic isolation. It is worth noting that power and 

data functionalities of the proposed systems do not depend on the technology 

platform used for the isolation components, which can be manufactured either 

in post-processing technology or exploiting the SOI BCD process provided 

by STMicroelectronics. Therefore, this work does not address the design of 

the isolation transformer, but it is mainly focused on the architecture and the 

design of a galvanically isolated system for power and data transfer with the 

aim of reducing complexity and hence cost while preserving performance. 

Clearly, the technology platform greatly affects both efficiency and power 

density of the overall application. 

By referring to the main limitations of the state-of-the-art solutions, this 

work presents three novel architectures, which implement galvanically 

isolated dc-dc converters with different target of applications. The main 

object of the proposed systems is the reduction of the number of isolated links 

while preserving both power and data functionalities. Chapter 2 will be focus 

on the design of a 100-mW galvanically isolated dc-dc converter with 

bidirectional data communication. The converter delivers regulated output 

power by means of a dedicated power link, while a second isolated channel 

is shared by control feedback loop and data transmission. The output voltage 

ranging from 2.4 V to 3.3 V and the variable output power make the proposed 

system very suitable for a wide range of applications. Chapter 3 will deal with 

a 100-mW dc-dc converter with galvanic isolation which is mainly addressed 

towards gate driver applications. It takes advantage of a customized 

architecture, which uses the isolated power link to feedback the control signal. 

The third isolated system will be presented in Chapter 4 and it has been 

designed to meet the requirements of sensor applications. The architecture is 
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SUMMARY 

made up of only one isolation component since power transfer, data 

communication and control feedback loop are implemented on the same 

isolated link. 

Chapters 2-4 validate the functionalities and performance of the proposed 

systems with measurements and/or simulations, which are reported at the end 

of each chapter. Specifically, the dc-dc converter in Chapter 2 has been 

integrated and measured, so the experimental results are showed in detail. As 

regarding the systems in chapters 3 and 4, only simulations are provided since 

the exploited isolation component is under manufacturing and hence is not 

available for measurements. However, the active core of these systems has 

been integrated (see micrograph in Appendix B) and the experimental 

characterization will be performed as soon as possible. Finally, all the 

proposed architectures have been patented thus showing the industrial interest 

towards this Ph.D. research activity. 

Besides the main topic, during my Ph.D. studies I was involved in the 

design of fully standard CMOS voltage references with micro- and 

nano-current consumption for ultra-low-power applications. Specifically, two 

voltage reference circuits have been designed to meet the requirements of 

RF-powered systems. The circuit description and measurements of these 

references are reported in [1] and [2]. 
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Galvanic isolation: 

definition, requisites and applications 

 

 

 

1.1.   Introduction 

This chapter introduces galvanic isolation issue and main isolation 

standards to be fulfilled in electronic devices, while illustrating how isolation 

can be implemented from a technological point of view and the applications 

which require isolation. Moreover, state-of-the-art solutions for both power 

and data transfer with galvanic isolation are reported for completeness and 

comparison purpose. Finally, an overview about the adopted galvanic 

isolation technology platforms is provided. 
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 Safety isolation requirements 

techniques, thus replacing traditional optocoupler and discrete transformers 

which are expensive and bulky. 

This chapter is organized as follows. Section 1.2 deals with the safety 

reasons of galvanic isolation while the application fields are briefly described 

in Section 1.3. The isolation techniques and the state-of-the-art isolators are 

reviewed in Section 1.4. Finally, the main outcomes of this work are 

summarized in Section 1.5. 

 

1.2.   Safety isolation requirements 

The most important motivations for providing galvanic isolation concern 

human safety in high voltage/current domains. Both in industrial and 

consumer environment, the employment of high power circuits is growing up 

thus leading towards several design challenges to meet safety requirements 

against electrical shock. Specifically, the currents, which are produced within 

the electronic appliances, can flow into the human body if no proper isolation 

is implemented, thus involving physiological effects such as involuntary 

movement, ventricular fibrillation or, ultimately, death [3]. Fig. 1.3 shows the 

range of current (expressed in rms value) which provides each effect [4]. The 

figure refers to a sinusoidal current source whose frequency is set at the value 

of 60 Hz. The electrical stimulus is applied by means of a copper cable which 

is held in the hands by a human being from 1 to 3 seconds. The weight of the 

human is about 70 kg. It can be notice that the minimum value of current that 

produces a slight warmth sensation is about 0.5 mA, while a current higher 

than 6 mA leads to the inability to let go (i.e., detach voluntarily from the 
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 Safety isolation requirements 

working to simplify the certification process, reducing the complexity caused 

by the high number of standards. 

 

 

The main purpose of these standards is the definition of isolation degree in 

an electrical system. Commonly, the isolation levels are classified into four 

categories, i.e. functional, basic, double and reinforced [6]-[8], as shown in 

Fig. 1.4. The functional isolation consists of a simple separation of ground 

references which guarantees the proper operation of the system but does not 

provide protection against electrical shock. When safety is concerned, a 

galvanic barrier withstanding several kilovolts is adopted to electrically 

separate the user interface from the isolated interface. By using only one 

galvanic barrier a basic isolation is achieved. However, for a higher level of 

safety, a double isolation is required, which is implemented with two isolation 

barriers connected in series. Double isolation inherently improves the overall 

galvanic isolation and provides redundancy in case one of the two barriers 

fails. Finally, the reinforced isolation provides the highest level of isolation 

TABLE 1.1 

SYSTEM-LEVEL STANDARDS INVOLVING ISOLATION BY MARKET AND REGION [5]. 

   Household Industrial 
Information 

technology 

Measurement 

and control 
Medical 

International  IEC 60065 IEC 60204 IEC 60950 
IEC  

61010-1 
IEC 60601 

Germany  VDE 860  EN 60950 
VDE 410/ 

0411 
VDE 0750 

USA  UL 60065 
UL 508, 

UL 60947 
UL 60950 UL61010 UL 60601 

Canada     
CSA. 

14-10 
CSA 60950 CSA 61010 CSA 601 
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These standards provide the definition of several parameters and testing 

methodologies which are used to classify the isolation characteristic of the 

component. Specifically, the IEC 60747 and UL 1577 standards refer to the 

isolation specifications and testing parameters of optocoupler devices, while 

the VDE 0884-10 standard features the isolation requirements for highly 

integrated transformer-based and capacitive isolators. 

The main parameters which quantify the high-voltage isolation 

performance and reliability of an isolator are the maximum transient isolation 

voltage, VIOTM, the maximum repetitive voltage, VIORM, and the maximum 

surge isolation voltage, VIOSM. They are defined by the standards 

IEC 60747-5-5 and VDE 0884-10 and represent the isolator’s capability to 

handle high-voltage stresses of different magnitude and transient profile 

without damage. VIOTM is defined as the peak transient voltage that the isolator 

can handle without breaking down for very short periods of time, while VIORM 

is the maximum repetitive peak voltage that the isolator can withstand over a 

specific long time. Finally, VIOSM quantifies the ability of the isolator to 

withstand very high voltage impulses of a certain transient profile. Both VIOTM 

and VIORM are measured together by means of two testing methodologies [9], 

Method A and Method B1, which are described by the VDE 0884-10 

standard. The Method A is used during certification and its test profile is 

shown in Fig. 1.5. The isolator is stressed at Vini=VIOTM for a tini as long as 

60 seconds. A following partial discharge test is carried out at a Vm of 1.6 

times VIORM for a tm of 10 seconds. On the other hand, the Method B1 is used 

during production manufacturing. Every device must pass this test before 

being released to the market. As shown in Fig. 1.6, during the process, the 

isolator is stressed at VIOTM for only one second, with a following partial 
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Chapter 1 

1.3.   Applications 

The isolation is crucial for signal integrity, system protection, and user 

safety, thus becoming mandatory in the wide field of applications involving 

digital control and measurement. This section focuses on the main low power 

applications of galvanic isolators which are: wireline networks, current 

monitoring and gate driver systems. 

1.3.1.   Wireline networks 

The most widespread applications of wireline networks are industrial 

process control, automotive, power supply regulation and point-to-point 

communications between computers [10]. Typically, data communication is 

supported by various types of physical networks, such as RS-232, RS-485, 

and the CAN. The main drawbacks of these networks are signal distortion and 

data loss due to the ground potential difference which can be established 

between the nodes of the networks. For instance, in RS-485 networks [11] the 

distances between the interconnected systems can reach up to 4000 meters 

thus leading to different ground references for each node. Fig. 1.9(a) shows a 

common situation in wireline networks. A ground loop exists between two 

devices (A and B) that are interconnected to exchange power and/or 

information. There are multiple ground paths which act as a large loop 

antenna and can induce currents into the system by picking up noise from the 

environment [12]. Moreover, ground shifts can occur in B (or A) thus causing 

overvoltage in A (or B) and consequently damage to the system. These 

problems are avoided by means of an isolator which breaks the ground loop, 

as shown in Fig. 1.9(b). 
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an isolated dc-dc converter, while a digital data isolator performs data 

transmission from ADC (i.e., high voltage side) to the micro-controller unit 

(i.e., low voltage isolated side). The power consumption of the ADC is about 

few milliwatts thus requiring a low power dc-dc converter, while the 

specifications for the digital data isolator are related to data communication 

speed which depends on the specific application. 

1.3.3.   Gate drivers 

Renewable energy sources have gained a lot of interest in the last years 

due to their green impact on the environment. Clean alternatives, such as 

photovoltaic plants and wind turbines entail power conversion systems that 

can handle power from hundreds of watts to several kilowatts. Therefore, 

human safety and protection of low power circuits are essential in these 

applications [18]. 

Switched-mode power electronics is the common technique which is 

adopted in modern power conversion systems since it achieves high 

efficiency both for power conditioning and control. An example of power 

conversion system is the gate driver for motor control. Fig. 1.11 shows a 

simplified architecture for motor drive applications which exploit a 

half-bridge topology for the N-type power switches [19]. Power MOSFET 

and IGBT-based inverters transform a rectified input voltage into a variable 

frequency voltage that drives a motor. The gate drivers are the interface 

between the controller and the power stage. They minimize conduction loss 

and switching time of the power switching devices, while avoiding 

destructive conditions that occur when both devices, Q1 and Q2, are 

conducting at the same time. 
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nano-coulombs and a voltage swing higher than 6 V [22]. According to such 

specification a galvanically-isolated dc-dc converter with an output power of 

few hundreds of milliwatts with an output voltage higher than 6 V can be 

exploited as auxiliary power supply for isolated gate drivers. 

1.4.   State-of-the-art 

Traditionally, galvanic isolation is provided by means of optocouplers and 

discrete transformers which allow data transmission and power transfer, 

respectively. Actually, research interests are addressed towards the 

miniaturization of galvanic isolators, both in academic and industrial 

environments. The main reason is the implementation of less bulky and 

expansive systems than the aforementioned traditional solutions. 

Galvanically isolated silicon-integrated data transmission systems have 

been proposed in [23]-[26], which exploit RF links [23] or capacitive [24] and 

magnetic coupling [25], [26] to provide galvanic isolation. The magnetic 

approach is also used to implement power transfer across a galvanic barrier 

since it provides a more efficient solution than the capacitive ones. 

Consequently, isolation transformer is becoming the most promising solution 

for the implementation of galvanic isolation since it allows both power and 

data transfer. Recently, several efforts have been made to improve the 

integration level of the inductive components by means of post-processing 

devices [27] (i.e., micro-transformers) or directly on silicon wafer [28]-[30] 

(i.e., on-chip transformer). This section provides an overview of galvanic 

isolators throughout the past years, from the traditional optocouplers to the 

most recent micro and on-chip transformers. 
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 State-of-the-art 

many products are available on the market [38] which deliver output power 

levels ranging from tens to hundreds of milliwatts, while providing separated 

isolated channels for data communication. Differently from the commercially 

available products, an interesting architecture of isolated dc-dc converter with 

data transmission was proposed in [39], [40]. It uses the same transformer for 

both data and control feedback signals thus reducing the number of isolated 

channels and hence the overall costs of the system. However, the best results 

for the reduction of the power density (i.e., the ratio between the output power 

and the overall area of the system) has been achieved thanks to the 

fully-integrated on-chip isolation transformers which have been introduced 

by STMicroelectronics in [41], [42]. Nowadays, only digital data isolators 

exploiting this technology are commercially available [20], but the power 

transfer feasibility was demonstrated by several fully integrated systems with 

power levels ranging from 20 mW to 1 W [28]-[30]. The key of this 

technology is the possibility to implement both active devices and isolation 

transformers within the same die thus leading to a two chips implementation 

of an isolated system. It is achieved thanks to a standard 0.35-μm-BCD 

process enriched with a thick-oxide module in the back-end-of-line that 

provides a 5-kV isolation rating between the two top metal layers thus 

ensuring basic isolation. The scanning electron microscope (SEM) 

cross-section of the four metals back-end along with the photo of a 200-mW 

two-chips dc-dc converter assembled on board [29] are shown in Fig. 1.20(a) 

and Fig. 1.20(b), respectively. Higher level of integration (i.e., only two 

chips) and competitive power efficiencies (i.e., from 10% to 30%) has been 

achieved with respect to the isolated systems which exploit isoPower 

technology.  
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However, the output power control is not performed, and a further isolated 

link is required to implement the dc-dc converter functionality. 

By referring to the main limitations of the state-of-the-art architectures for 

isolated power and data transfer, this thesis focuses on circuit and system 

design techniques to implement galvanically isolated dc-dc converters, with 

or without data communication, exploiting the minimum number of isolated 

links. Therefore, novel architectures which are able to perform power and 

data functionalities by sharing the same isolated link have been proposed 

during my research activity at the RF-ADC. It is worth noting that technology 

aspects regarding the implementation of galvanic isolation are not covered, 

since the whole technology platform was supplied and tested by 

STMicroelectronics.  

In the next sections, the adopted technology platforms and the design 

procedure for both area and efficiency performance optimization will be 

presented. Finally, the topics of this work will be described highlighting the 

main results. 

1.5.1.   Technology platform 

This section presents the manufacturing processes which have been 

exploited for the implementation of the proposed systems, with emphasis on 

the technology platform used for the realization of isolation components. 

Fig. 1.22 depicts the typical architecture of a power transfer system with 

galvanic isolation which consists of a VHF power oscillator (i.e., the dc-ac 

converter), an isolation transformer (i.e., galvanic isolator) and a rectifier (i.e., 

the ac-dc converter). It is worth noting that the integration level of the system 

depends on how the transformer is implemented. Post-processing 
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thick top Cu layer are available for routing. The process was enriched with a 

thick-oxide module of several μm of thickness, which has been tested by the 

technology provider for a 5-kV isolation rating [42]. The primary and 

secondary windings of the transformer are implemented with the third and 

fourth metal layers, respectively, being the thick oxide located between these 

metals. An isolation rating of 6 kV can be also achieved by using the oxide 

layer between metal 3 and metal 2. 

The third technology adopted in this work is a 0.13-μm standard CMOS 

process which provides high voltage Schottky diode with sub-GHz operation 

capability for the rectifier implementation. 

All technologies were provided by STMicroelectronics. 

 

1.5.2.   Main results 

During my research activity, three novel architectures for galvanically 

isolated converters have been designed with different target of applications. 

The proposed systems overcame the main limitations of the state-of-the-art 

solutions concerning the implementation of more than one power and data 

functionalities by sharing the same isolated link, thus drastically reduce 

silicon area, package size and hence costs of the overall system.  

Firstly, a 6-kV isolated dc-dc converter with bidirectional half-duplex data 

communication up to 50 Mb/s has been designed. It takes advantage of the 

BCD process enriched with a thick-oxide module to implement 

fully-integrated on-chip isolation transformers, thus achieving the highest 

level of integration. Indeed, the converter is made up of only two dice. 

Moreover, a novel control feedback loop is provided which allows data 
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communication to be performed on the same control channel. Therefore, only 

two isolated components have been exploited which are the control/data link 

and the power link. The latter delivers up to 93 mW output power and output 

voltage ranging from 2.4 V to 3.3 V thus providing an efficient solution for 

many applications both in medical and consumer environments.  

The second system is mainly addressed to gate driver applications. It is a 

100-mW step-up dc-dc converter providing around 20-V output voltage from 

5-V supply voltage. The main object of this system was to perform control 

feedback loop on the same isolated link exploited for power transfer by means 

of data communication.  

Finally, the third system is a galvanically dc-dc converter which has been 

designed to meet the requirements of sensor applications. It exploits the 

power link both for control feedback loop and data communication of N data 

channels. Therefore, it definitively provides the minimum number of isolated 

link while performing the required power and data functionalities which are: 

power transfer, data communication and control feedback loop.  

It is worth noting that power and data functionalities of the proposed 

systems do not depend on the technology platform used for the isolation 

components, which can be manufactured either in post-processing steps or 

exploiting the SOI BCD technology. However, the technology platforms 

greatly affect both efficiency performance and power density. 

The architecture description of the first system is presented in Chapter 2 

along with experimental results which have been recently published in [44]. 

The second and third system are described in Chapter 3 and Chapter 4, 

respectively. They exploit a post-processed transformers which are under 

manufacturing. Therefore, simulation results have been provided for the sake 
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of completeness. The characterization of these two systems will be done as 

soon as possible. All the three architectures have been patented [45]-[47]. 

 

 

  



 

 

 

 

 

Chapter 2.  

 

A fully integrated galvanically isolated 

dc-dc converter with data communication 

 

 

 

2.1.   Introduction 

This chapter presents a fully integrated galvanically isolated dc-dc 

converter with data communication which exploits only two isolated links. 

As introduced in the first chapter, the reduction of the number of isolated links 

is mandatory to reduce application cost and size while maintaining all power 

and data functionalities. The minimum number of isolated links has been 

achieved by [28] in which only one isolated link is used for both power 

transfer and bidirectional half-duplex data communication. The main idea is 
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to use the isolated power channel also for a bidirectional (half-duplex) data 

communication by means of an ASK modulation of the power signal at the 

primary or the secondary windings of the isolation transformer. However, 

variable power functionality is not included since data communication on 

power channel is not compliant with an efficient power control that exploits 

on/off modulation (i.e., PWM modulation, Bang-Bang control scheme). 

Indeed, data communication requires the presence of the power signal while 

on/off modulation involves shutdown of the power oscillator to preserve 

efficiency. Moreover, considering that power and data use the same channel, 

important performance such maximum output power, power efficiency, data 

rate, and common mode transient immunity must be traded-off. Specifically, 

high efficiency power transfer requires large isolation power transformer 

which involves high parasitic capacitances between primary and secondary 

windings. This is against the need for a high CMT rejection.  

To maximize power efficiency while performing high CMT rejection on 

data communication, power and data must be separated and a further 

transformer is needed. Based on these considerations, an improvement of the 

architecture in [28] is proposed. Fig. 2.1 shows the block diagram of the 

proposed architecture. The basic principle is to use an additional isolated link 

to feedback the signal control for power regulation purpose. This control link 

is also used to perform data communication between the two isolated 

interfaces. In this way the power link is dedicated for power transfer only, and 

it can be designed to maximize system efficiency without constrains due to 

CMT rejection performance. 

The proposed dc-dc converter delivers up to 93-mW output power with 

19% maximum power efficiency and an output voltage ranging from 2.4 V to 







 

 
 

56 

 

Chapter 2 

amplitude modulation of the RF oscillation signal [28], [47]. High speed data 

stream from chip B to chip A takes advantage of the common mode transient 

rejection block to improve CMT immunity. A low speed data communication 

from chip A to chip B is also provided for those applications where 

configuration data are required to set chip B operation. 

The system was fabricated in a 0.35 µm BCD technology enriched with a 

galvanic isolation thick-oxide back-end provided by STMicrolectronics [41]. 

The thick-oxide option was used only for chip A, which includes the isolation 

transformers, while chip B was fabricated in a standard BCD technology. 

Differently from traditional galvanic isolation approaches [39], [40], 

[48]-[53], the transformers are completely integrated into the silicon 

technology and do not use post-processing steps or discrete components [28]. 

An isolation rating, BVAC, of 5 kV is guaranteed by the oxide layer between 

a Cu-thick metal 4 and an Al-thin metal 3, while 6 kV isolation can be also 

achieved by using the oxide layer between metal 3 and metal 2. The isolation 

performance was previously assessed by the technology provider using 

several test structures [41]-[42]. 

 

2.3.   Power Link 

The power link is the core of the dc-dc converter and determines the 

efficiency performance of the overall system. It was designed to deliver a dc 

output power, PISO, higher than 100 mW at a nominal output voltage, VISO, of 

3.3 V with a 3.3 V power supply, VDD. A simplified schematic of the power 

link is shown in Fig. 2.3. The architecture is made up of a transformer-based 
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for the underpasses and selectively shunted to metal 2 to reduce the resistive 

losses of the primary winding. The geometrical parameters of half of the 

transformer coils are summarized in the Table 2.1. With a transformer ratio, 

NP, of about 2, TP performs a voltage step-up conversion, thus producing a 

peak voltage of about 12 V at the secondary winding. Finally, the oscillation 

voltage is properly reduced to comply with the breakdown limit of the 

rectifier transistors, M3-9 (i.e., about 5.5 V), by means of the partition between 

coupling capacitors CC and the rectifier input admittance, YRECT, Therefore, 

such architecture performs a double conversion, i.e. a step-up followed by a 

step-down conversion, by means of the transformer turn’s ratio, NP, and the 

capacitive partition at the rectifier input, respectively. A simplified expression 

for the voltage gain of the power links is reported below: 

 
𝑉𝐼𝑆𝑂𝑉𝐷𝐷 ≅ 2𝑘𝑃𝑁𝑃 ∙ | 4𝜋𝑗𝑓𝑃𝐶𝐶4𝜋𝑗𝑓𝑃𝐶𝐶 + 𝑌𝑅𝐸𝐶𝑇| ∙ 2𝜋 ≅ 1 (2.1) 

where fP is the power oscillation frequency, kP is the magnetic coupling 

factor of TP and 2/π is the ideal conversion loss of the rectifier. In a standard 

dc-dc converter architecture (i.e., without capacitors CC) NP would be around 

unity (kP≈0.8) to guarantee an almost unitary VISO/VDD voltage gain, thus 

limiting the oscillation amplitude at the drains of M1,2 (i.e., less than 2VDD) 

and hence reducing the oscillator core efficiency. Thanks to this 

step-up/step-down architecture, an improvement of the oscillator active core 

efficiency of about ten percentage points is achieved, which turns in an 

improvement of the dc-ac conversion efficiency of about five percentage 

points. 
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frequency usually improves the power oscillator performance, but it can 

negatively impact the rectifier efficiency due to its frequency limitation. The 

power link optimization was carried out using the approach in [30] by means 

of an iterative EM based co-design between the oscillator core and the 

transformer. 

Fig. 2.5 shows simulated single-ended voltage/current waveforms at the 

LDMOS drains, differential voltage VAC at the secondary windings of TP, and 

rectifier input voltage VRECT. 

For the sake of completeness, the design parameters of the overall power 

link are summarized in Table 2.2, whereas Table 2.3 reports the simulated 

efficiency breakdown of the power link at maximum PISO and at VISO of 3.3 V. 

The bottleneck for the overall power link efficiency is represented by the 

isolation transformer that is further exacerbated since a 6-kV isolation 

TABLE 2.2 

DESIGN PARAMETERS OF THE POWER LINK. 

Block Parameter Value Unit 

Power oscillator active core 

W1,2 2.36 [mm] 

CB 2.6 [pF] 

VB1 1 [V] 

fP 350 [MHz] 

Isolation transformer, TP 

LP1,2 | LS1,2 17.5 | 53 @ fP [nH] 

QP1,2 | QS1,2 3.5 | 7.9 @ fP  

kP  0.88   

Coupling capacitors CC 8.2 [pF] 

Rectifier 
W3,5 0.86 [mm] 

W4,6 0.29 [mm] 
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back-end was used. Indeed, the transformer power efficiency (as low as 52%) 

is manly ascribed to poor Q-factors (i.e., 3.5 and 7.9 for primary and 

secondary coils, respectively). Despite this drawback, an overall power link 

efficiency as high as 23 % was achieved, which is about ten percentage points 

higher than the one in [28]. This improvement is mainly ascribed to a better 

performance of the power oscillator and rectifier, as result of the proposed 

power link architecture and circuit arrangements. 

 

2.4.   Control/Data Link 

The control signal for the output voltage and power regulation is related to 

the peak of the oscillation voltage of the control/data oscillator. Moreover, its 

amplitude is properly modulated to perform bidirectional half-duplex data 

communication across the isolation barrier. Therefore, the control and data 

links share the same isolation transformer, TD, which is the resonant tank of 

the control/data oscillator within chip A. A description of the control loop 

along with the stability analysis is reported in Section 2.4.1, whereas the data 

TABLE 2.3 

SIMULATED EFFICIENCY BREAKDOWN OF THE  

POWER LINK (PISO = 100 mW, VISO = 3.3 V). 

Block   Efficiency 

Oscillator core  72 % 

Isolation transformer  52 % 

Bonding wire and  

coupling capacitors 
 90 % 

Rectifier   68 % 
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winding of TD depends on VEA, a peak detector is used to draw the control 

signal, VPD, after the galvanic barrier. The peak detector has a negative gain 

and thus VPD is maximum when VEA is minimum and vice versa. Then, a 

switched capacitor integrator produces a voltage ramp whose slope is 

proportional to VGND−VPD, which is compared with the reference voltage 

VREF1 to set the duty cycle of the control signal, VCTR, by clearing the 

D flip-flop output. An external reference clock, fCK, is exploited to generate 

both the non-overlapped phases ϕ1 and ϕ2 for the SC integrator and the control 

frequency, fPWM (i.e., fPWM=fCK/32). Finally, the SC integrator is periodically 

restored through ϕ0 at the beginning of each period or when VCTR is low. 

Differently from conventional continuous time control loops, the proposed 

approach based on the SC integrator and an external clock generator allows 

the PWM control frequency to be set according to the application 

requirements such as output ripple frequency content. 

The loop stability analysis was carried out considering a single pole 

approximation for each block of the control loop. By referring to the 

simplified model in Fig. 2.7, the open loop gain, TO, can be written as 

 𝑇0 ≅ 𝑘 ∙ 𝐴𝐸𝐴 ∙ 𝐴𝑂𝑆𝐶 ∙ 𝐴𝐶𝑇𝑅 ∙ 𝐴𝑃 (2.2) 

where k is the resistive partition, AEA is the error amplifier gain and AOSC, 

ACTR, AP are the gains of the control/data oscillator, the power control block, 

and the power link, respectively, which are given by 

 𝐴𝑂𝑆𝐶 = 𝑑𝑉𝑂𝑆𝐶𝑑𝑉𝐸 = 𝑔𝑚1,2 2𝜋 𝑅𝑃𝑘𝐷𝑁𝐷 (2.3) 
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A single pole approximation can be used for the evaluation of the control 

loop frequency behavior, since high frequency poles can be neglected. The 

expression of open loop gain in the Laplace-domain is 

 𝑇(𝑠) = 𝑇𝑂 𝑒−𝑡0𝑠1 + 𝑠𝜔𝐷 (2.6) 

where ωD is the dominant pole due to the dc-dc converter output load (i.e., 

RL and CL) and t0 is the delay introduced by the power control block, whose 

maximum value is about equal to the period of the PWM control signal (i.e., 

TPWM). Considering equation (2.4) and (2.5), a unitary duty cycle is the worst 

case for system stability since it gives maximum gain. A dominant pole 

compensation can be easily carried out by increasing filtering capacitance CL 

at the dc-dc converter output. The open loop gain, TO, is about 30 dB (for 

DC=1), which turns out in a compensation capacitor, CL, of a few microfarad 

to guarantee stability for a 100 kHz PWM control signal, according to  

 𝐶𝐿 = 𝑇𝑂 ∙ 𝑇𝑃𝑊𝑀𝑅𝐿 ∙ (𝜋2 − 𝑃𝑀) (2.7) 

where PM is the required phase margin expressed in radians. Such values of 

CL provide adequate performance in terms of both output voltage ripple and 

transient responses. 

2.4.2.   Data Link 

A bidirectional half-duplex data communication is performed by using 

ASK modulation that preserves the peak of the RF control signal. HS (from 

chip B to chip A) and LS (from chip A to chip B) data transfers are performed 
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by means of impedance mismatch at primary (LP3,4) and secondary windings 

(LS3,4) of transformer TD, respectively. To this purpose, on/off switch 

resistances and capacitors CP1,2 and CS1,2, are used as shown in Fig. 2.8. A 

PWM coding is adopted to simplify both coding and clock/data recovery 

circuitry. Differently from [28] and thanks to the symmetry, half duplex data 

rates at tens of megabit/s in both directions can be achieved. However, 

communication from chip A to B in this design was targeted to low data rate 

for configuration purposes (i.e., up to 5 Mb/s), thus saving power 

consumption. Both envelope signals are available for detection at the 

transformer windings, i.e. at the primary and secondary windings for the LS 

and HS data stream, respectively. Therefore, the LS detector was directly 

connected at primary winding of TD (VP1, VP2). A different solution was 

instead adopted for the main data communication (i.e., the HS data 

communication) with the aim of improving the robustness against CMTs, 

which otherwise would be quite poor using a direct connection to the 

secondary winding of TD. Actually, a high CMTI is mandatory for the main 

data stream to reduce bit error rate degradation due to dynamic ground shifts 

between chip A and chip B, which are typically in the order of several tens of 

kV/µs and appear as a common mode voltage disturbance, VCM, at the 

transformer windings. To this purpose, the HS ASK detector, was connected 

at the output (VD1, VD2) of the CMT rejection circuit in Fig. 2.8. This circuit 

has to cope with very rapid ground shifts that inject a common mode current, 

ICM, due to parasitic capacitances (CAB) between the windings of TD. This 

current can produce dangerous overvoltage and/or demodulation errors. 

Current ICM has a strong dc component, which is proportional to both CAB and 
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greatly attenuate high-frequency components of ICM. This is achieved with an 

LC differential amplifier, which rejects the residual high frequency 

common-mode spurious thanks to high-Q common mode LC load resonators, 

while preserving the envelope frequency content of the differential signal 

thanks to differential resistor R6 that properly enlarges the differential signal 

bandwidth. This arrangement only performs very selective common mode 

filtering, but it does not affect data communication (i.e., the differential 

signal). Differently from [59]-[60], this approach guarantees constant CMTI 

performance at increasing data rate. The automatic gain control in the CMT 

rejection circuit provides constant envelope signal to be delivered to the HS 

DET, regardless of the variation of the carrier peak level imposed by the 

power control. Both resistance R6 and AGC loop were set to comply with the 

PVT variations of the oscillation frequency (i.e., 900 MHz ± 9%). Fig. 2.9 

shows simulated single ended signals of the HS data link at 25 Mb/s in 

presence of a 25 kV/µs CMT. The ASK modulated signal at the secondary 

winding of transformer TD (i.e., VG1,2) is affected by a common mode 

disturbance, which is not compatible with an accurate demodulation. As 

apparent in Fig. 2.9, this disturbance is removed at the output of the CMT 

rejection circuitry. For the sake of completeness, Fig. 2.10 and Fig. 2.11 show 

the schematics of the HS and LS ASK detectors. They both exploit a 

high-gain common-source topology with adaptive biasing [62]-[64]. Each 

detector provides the envelope signal, VO,HS or VO,LS, and its average value, 

VAV,HS or VAV,LS, respectively, to a comparator, which delivers a rail–to–rail 

signal to the clock and data recovery digital blocks. Each detector topology 

was customized to the data rate specifications to reduce current consumption. 

The input pair of the HS detector, M16,17, provides an RF rectified current at 









 

 
 

73 

 

 Control/Data Link 

 

supply (i.e., VISO) through a bonding wire connection. Moreover, an S-shape 

coil connection was exploited to improve the EMI of the data link, which is 

important to avoid BER degradation due to external magnetic fields. Thanks 

to this spiral configuration, the current flowing in the primary winding has a 

clockwise direction in one coil, and a counter clock wise direction in the other 

one. The same happens for the current that flows in the secondary winding. 

Therefore, the magnetic flux linked to the coils produces the sum of in-phase 

induced voltages. On the contrary, an external magnetic interference would 

produce a flux in the same direction in both windings and thus out of phase 

induced voltages would be produced. 

Transformer parameters were chosen to trade-off contrasting design issues 

such as maximization of winding inductances and quality factors for lower 

current consumption and minimization of transformer area to reduce parasitic 

capacitance CAB that determines the CMT currents. Finally, the magnetic 

coupling factor, kD, was maximized by using the same external diameter, 

dOUT, for both primary and secondary windings. 

TABLE 2.4 

GEOMETRICAL PARAMETERS OF THE CONTROL/DATA TRANSFORMER. 

Parameters   
Primary Coil 

(half structure) 

Secondary Coil 

(half structure) 

Number of turns (n)  5.5 7 

Width (w) [µm]  7.4 9.2 

Spacing (s) [µm]  4.7 1 

Internal diameter (dIN) [µm]   148 136 

Outer diameter (dOUT)    285 285 
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Chip A includes the galvanic barriers for both power and control/data links 

performed by the integrated transformers (A and B). It also houses the power 

oscillator (C) that is connected to ground and power supply by means of large 

Cu metals and multiple bonding wires (F and G) to reduce power efficiency 

degradation due to resistive/inductive parasitics. The cross-talk between the 

power and control/data links, taking place on chip and via bonding wires, is 

minimized by a proper floorplan. Indeed, the power link blocks are placed on 

the left-hand side, while the control/data section is developed on the 

 

 

Fig. 2.15. Micrograph of the dc-dc converter assembled on board. 
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right-hand side. Moreover, separated on chip supply and ground planes are 

adopted (F, G, H, and I). Finally, power and control/data chip to chip 

connections are properly spaced to reduce the magnetic coupling between 

bonding wires. Chip B houses the ac coupled power rectifier (A and B) and 

the control/data link oscillator (D) on the left and right-hand sides, 

respectively. The HS modulator/LS demodulator blocks are placed close to 

the control/data oscillator. The dc-dc converter was assembled on board for 

characterization, as shown in Fig. 2.15. Measurements were performed at 

3.3-V power supply. 

Fig. 2.16 summarizes the performance of the dc-dc converter in terms of 

power conversion efficiency, ɳDC-DC, as a function of the output power, PISO, 

for different values of the isolated output voltage, VISO. Efficiency ɳDC-DC is 

higher than 15% at low values of PISO. It remains quite constant in a large 

range of power values. Thanks to the voltage/power control loop, the dc-dc 

converter performance is guaranteed at different VISO with variations of 

ɳDC-DC by less than three percentage points for maximum power. The 

converter is able to deliver up to 93 mW at 3.3-V output voltage with a ɳDC-DC 

of about 19%. Measurements of the power link with external PWM control 

signal confirmed that the control/data link affects the overall dc-dc converter 

efficiency by only one percentage point. 

Fig. 2.17 shows the transient response of the output voltage VISO to a step 

from 2 V to 3.1 V of the reference voltage, VREF,OUT, which corresponds to a 

variation of PISO from 36 mW to 87 mW on a load resistance of about 110 Ω. 

Two values of the output capacitance, CL, have been used to verify the 

trade-off between speed and output ripple.  
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detector before the limiting comparator (see Fig. 2.10) is about 200 mVPP. 

Clock/data signals, CkO,HS/DataO,HS, at the HS CDR circuit are correctly 

demodulated. A BER better than 10-4 was measured for bit rates up to 

50 Mbit/s. The LS data link was also measured with data rates up to 5 Mb/s. 

The performance of the dc-dc converter is summarized and compared with 

the state of the art in Table 2.5.  

 

  

TABLE 2.5 

SUMMARIZED PERFORMANCE AND COMPARISON WITH THE STATE OF THE ART 

Parameters [40] [28] This Work 

VDD [V] 3.3 3  3.3 

VISO [V] 3.3 2(1) 3.3 

PISO,max w/o data [mW] 9.1 / 10 20.4 / 23.7 93 / 107 

ɳDC-DC w/o data [%] 22 / 24 9 / 11  19 / 20 

fP [MHz] 200 330  350  

Control scheme / 

 frequency [kHz] 

Bang-bang / 

 1700 
n.a. (1) 

PWM / 

 100 

No. of data channels 2 (3) 2 (4) 2 (4) 

Max data rate [Mb/s] 6.8 (x 2) 40 / 3 50 / 5 

Isolation [kV] 5 (5) 5 6 

CMTI [kV/µs] n.a. n.a. 50 (6) 

Silicon technology 
0.25-μm CMOS, 0.35-μm 

DMOS, Schottky diode 
0.35-μm BCD 

Isolation technology Post–processed transformer  On-chip Transformer 

No. of transformers 1 power, 2 data/ctrl 1 
1 power, 1 

data/ctrl 

No. of die 6 2 2 

(1) Output voltage is not controlled      (2) pulse modulation 

 (3) n. 3 (multiplexed) data channels + n.1 configuration/clock channel  

  (4) half-duplex    (5) rms     (6) Simulated value 
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Galvanically isolated dc-dc converter 

exploiting a single isolated link 

 

 

 

3.1.   Introduction 

This chapter deals with the design of a novel architecture for power 

transfer systems with galvanic isolation which performs power functionalities 

by using a single isolated link, as shown in Fig. 3.1. Only one isolated link is 

used to transfer both power and control signal, while on/off control scheme is 

adopted to regulate the output power at maximum efficiency regardless the 

load. The main challenge of the dc-dc converter with a single isolated link is 

performing the feedback of control signal from chip B (i.e., load side) to 
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power/ctr link is presented in Sections 3.3, while simulation results are shown 

in Section 3.4. 

3.2.   System Description 

The simplified block diagram of the proposed system is depicted in Fig. 

3.3. The converter is based on a patented architecture [45], which consists of 

a single isolated link used both for highly efficient power transfer and control 

signal feedback loop. The dc output voltage, VISO, is delivered to the external 

load, RL-CL, across the galvanic barrier thanks to a power-ctrl link, which is 

made up of a power oscillator operated at 350 MHz, an isolation transformer, 

T, and a power rectifier. Output voltage VISO is regulated at the value of 18 V 

by means of a PWM control scheme which guarantees maximum efficiency 

regardless of the power level to be achieved. Specifically, VISO is compared 

with a reference voltage, VREF,OUT, thus producing an error signal, ε, that 

changes according to the output power imposed by VREF,OUT and load 

resistance RL. The PWM block, which works as an 1-bit ADC, converts ε into 

a square wave voltage, VCTR,B, whose duty cycle, DC(VCTR,B), depends on the 

dc value of ε, while the frequency is set according to an external reference 

clock, fCK, properly divided by an N factor. The reference clock, fCK, is also 

used as master clock for the transmitter to sample and transmit VCTR,B across 

the galvanic barrier by means of amplitude modulation of the power 

oscillation signal. The receiver on the oscillator side, recovers both data, 

V*CTR,B, and clock, f*CK, signals which drive the PW-CTR block to turn on 

and off the power oscillator. The PW-CTR block is based on a phase-locked 

loop which exploits a sample and hold operation on the recovered clock 
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signal ε, thus allowing the on/off output power regulation. The frequency 

fPWM,A, of control signal VCTR,A is the switching frequency of the power 

oscillator and can be set up to few hundreds of kilohertz. Thanks to this 

architecture, which takes advantage of a digital transmission of the control 

signal, the feedback loop can be achieved on the same isolated channel 

generally dedicated for power transfer. Although the feedback loop performs 

a data communication, no CMT rejection circuit is required since the loss of 

control bits does not affect the power regulation whose time constant is much 

higher than the period of a single control bit. Moreover, the sample and hold 

operation on the recovered reference clock allows the on/off control mode of 

the isolated output power without an additional external reference clock. This 

guarantees high matching of frequency between VCTR,A and VCTR,B that is 

essential to proper operation of the feedback loop. 

The system was fabricated taking advantage of three different 

technologies. The isolation transformer was implemented in post-processed 

technology, as described in chapter 1, while 0.18 µm BCD and 0.13 µm 

CMOS processes are used for the power oscillator chip and rectifier chip, 

respectively. Differently from the previous galvanically isolated system (i.e., 

power-data-control system exploiting two isolated links described in 

chapter 2), this novel architecture exploits three chips implementation, thus 

leading to a customized design for each building blocks with the aim of 

maximizing the efficiency performance. Indeed, the post-processed 

technology allows the ad-hoc design of the isolation transformer (i.e., Chip 

T) providing low resistivity metal layers for the primary and secondary 

windings. The 0.18 µm BCD technology features Double Diffused Metal 

Oxide Semiconductor process for power and high-voltage elements, thus 
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ensuring high power design of the power oscillator (i.e., Chip A). Finally, the 

0.13 µm standard CMOS process provides high-voltage Schottky diodes with 

sub-GHz operation capability, that achieve high efficiency for power rectifier 

(i.e., Chip B) thanks to low threshold voltage and high switching activity. 

3.3.   Power-Ctr Link 

This Section focuses on the power-ctrl link with a detailed description of 

the transistor-level design for the main building blocks. The power-ctr link is 

the core of the dc-dc converter since it determines both power functionalities 

and efficiency performance of the overall system. It was designed to deliver 

a dc output power, PISO, higher than 100 mW at a nominal output voltage, 

VISO, of 18 V with a 5-V power supply, VPWR. The output power is regulated 

by means of a PWM control scheme. The control signal for the output voltage 

and power regulation is related to the duty cycle of a square-wave signal 

which is sampled and transmitted across the galvanic barrier by properly 

modulating the power oscillation voltage. Therefore, both power and control 

links share the same isolation transformer, T, which is the resonant tank of 

the power oscillator. A description of the power link is reported in Section 

3.3.1, whereas the control loop along with the stability analysis is described 

in Section 3.3.2. 

3.3.1.   Power Link 

A simplified schematic of the power link is shown in Fig. 3.4. The 

architecture presents the fundamental scheme typically adopted for galvanic 

isolation and consists of a transformer-based power oscillator and a 
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For the sake of completeness, the design parameters of the overall power 

link are summarized in Table 3.2. The power link design was carried out using 

the approach described in [30], [65]. The first step is the definition of the 

rectifier size which depends on the output voltage and power level to be 

provided. The adopted full bridge rectifier is made up of Schottky diodes 

which consist of elementary cells with an active area of about 100 µm2. The 

number of elementary cells, M, was chosen as a trade-off between power 

efficiency, ɳRECT, and input capacitance of the rectifier that affects both 

rectifier bandwidth and power oscillator performance. Moreover, a trade-off 

is also required for the oscillation frequency since a higher oscillation 

frequency improves the Q-factor of the transformer but increases the power 

losses of the active switching components. Therefore, EM based co-design 

between the oscillator core and the transformer is mandatory to optimize the 

overall efficiency performance. 

TABLE 3.2 

DESIGN PARAMETERS OF THE POWER LINK. 

Block Parameter Value Unit 

Power oscillator active 

core 

W1,2 560 [µm] 

CB 1.5 [pF] 

COSC 12 [pF] 

fP 350 [MHz] 

Isolation transformer, TP 

LP1,2 | LS1,2 16.7 | 116.8 @ fP [nH] 

QP1,2 | QS1,2 11.6 | 8.7 @ fP  

kP  0.74   

Rectifier M 20  
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3.3.2.   Control Link 

A simplified schematic of the control loop is sketched in Fig. 3.6(a) and 

Fig. 3.6(b) which show Chip B and Chip A, respectively. Output voltage VISO 

(see Fig. 3.6(a)) is reduced by the resistive partition, R1 and R2 (i.e., k in Fig. 

3.3), and then compared with the reference voltage, VREF,OUT, by means of an 

error amplifier which is implemented by an operational transconductance 

amplifier. The output signal of the error amplifier drives the PWM block 

which provides a PWM signal, VCTR,B, whose duty cycle is related to the error 

signal. The output current of EA, Iε, flows through the integration capacitor, 

CI, thus providing a voltage ramp, VINT, that is compared with the reference 

voltage, VCOMP. When this ramp goes up VCOMP, the comparator resets the 

output of the D Flip-Flop and the capacitor CI is discharged, thus restoring 

VINT to VGND. The integration capacitor is also periodically restored through 

Φ0 either at the beginning of each period or when VCTR,B is low. For the sake 

of clarity, the steady-state operation of the PWM block is shown in Fig. 3.7, 

where a duty cycle of 60% was supposed. The expression of the duty cycle as 

function of Iε is obtained by considering the charge phase of CI which is 

expressed in equation (3.1) 

 (𝑉𝐶𝑂𝑀𝑃 − 𝑉𝐺𝑁𝐷) = 𝐼𝜀𝐶𝐼 𝑡𝐶 (3.1) 

where tc is the charge time of CI and corresponds to the on-phase of VCTR,B, 

ton. Therefore, the duty cycle, DC, is given by 

 
𝐷𝐶 = 𝑡𝑜𝑛𝑇𝑃𝑊𝑀,𝐵 = 𝑡𝑐𝑁 ∙ 𝑇𝑐𝑘 = 𝑓𝑐𝑘𝑁 × (𝑉𝐶𝑂𝑀𝑃 − 𝑉𝐺𝑁𝐷)𝐼𝜀 𝐶𝐼 

 

(3.2) 
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The duty cycle is inversely proportional to the error current Iε whose 

maximum value gives the minimum DC. The PWM signal VCTR,B is then 

transmitted through the galvanic barrier by means of a data communication 

from chip B to chip A which is performed exploiting an ASK modulation of 

the power oscillation voltage. To this purpose, capacitors CTX1,2 and on/off 

switch resistances, which are implemented by MOS transistors MTX1,2, are 

used as shown in Fig. 3.6(a). The control signal VCTR,B drives the 

sampler/encoder block which performs the sampling and encoding operation. 

PWM coding is adopted to simplify both coding and clock/data recovery 

circuitry. Moreover, PWM coding maximizes the efficiency of the overall 

system since the higher number of transmitted bits are bits 1. Indeed, the 

power oscillator is turned on during the on-phase of VCTR,B, where only bits 1 

are transmitted. This means that the oscillation voltage is maximum most of 

the on-time.  

After the galvanic barrier (see Fig. 3.6(b)), a receiver block, which is made 

up of a demodulator and decoder, recovers both data and sampling clock 

during the on-phase of the power oscillator, while no data signals are 

available when the power oscillator is turned off. The recovered data and 

clock drive the power control block which allows the reconstruction of the 

control signal despite the loss of bits due to the shut-down of the oscillator. 

The PW-CTR block is made up of a PLL, which exploits an open-loop mode 

operation, a digital divider (÷N), a positive edge-triggered D flip-flop and two 

pulse generators, one on the positive edge (PPG), and the other one on the 

negative edge (NPG) of the input signal. The D Flip-Flop provides the PWM 

control signal VCTR,A to the power oscillator, thus switching on and off the 

power signal. Two conditions must be fulfilled to guarantee proper output 
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The loop filter was sized to guarantee a phase margin around 60°, while 

no time settling requirements was targeted since the PLL operation affects 

only the start-up phase of the control loop which is dominated by the output 

load capacitance slew rate. The main design parameters of the PLL are 

reported in Table 3.3. 

 

 

Finally, the loop stability analysis was carried out considering a single pole 

approximation for each block of the control loop. By referring to the 

simplified model in Fig. 3.12 , the open loop gain, TO, can be written as 

 𝑇0 ≅ 𝑘 ∙ 𝐴𝐸𝐴 ∙ 𝐴𝐶𝑇𝑅 ∙ 𝐴𝑇𝑋/𝑅𝑋 ∙ 𝐴𝑃 (3.6) 

where k is the resistive partition, AEA is the error amplifier gain and ACTR, is 

the gain of the PWM block, which are the transfer factors from isolated output 

TABLE 3.3 

DESIGN PARAMETERS OF THE PLL. 

Block Parameter Value Unit 

Charge pump, CP Bias current, ICP 1 [µA] 

Filter 

R3 295.2 [kΩ] 

C4 9.8 [pF] 

C5 0.7 [pF] 

Voltage controlled  

oscillator, VCO 

IVCO 

@VLP=VDD/2 
20 [µA] 

CVCO 300 [fF] 

R4 21.5 [kΩ] 

R5 77.5 [kΩ] 

WMR 0.28 [µm] 

LMR 0.4 [µm] 
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 𝐴𝑃 = 𝑑𝑉𝐼𝑆𝑂𝑑𝐷𝐶(𝑉𝐶𝑇𝑅,𝐵) = 12√𝑅𝐿 ∙ 𝑃𝐼𝑆𝑂,𝑚𝑎𝑥𝐷𝐶(𝑉𝐶𝑇𝑅,𝐴)  (3.10) 

 

being GM the transconductance of the error amplifier, DC(VCTR,B) and 

DC(VCTR,A) the duty cycle of VCTR,B and VCTR,A, respectively, and PISO,max the 

maximum power delivered to RL, which can be considered constant in a 

first-order approximation.  

An expression of the loop gain transfer function, T(s), was evaluated by 

considering the two main low-frequency contributions, i.e. the pole of the 

power link at the output (i.e., RL-CL) and the delay introduced by the PWM 

block, which is the period of the PWM control signal (i.e. TPWM=N/fCK), 

 𝑇(𝑠) = 𝑇𝑂 𝑒−𝑇𝑃𝑊𝑀𝑠1 + 𝑠𝑅𝐿𝐶𝐿 (3.11) 

In the worst case, a maximum 30-dB open loop gain TO was set. Therefore, a 

dominant pole compensation can be easily achieved increasing the load 

capacitance, CL, whose value can be evaluated from 

 𝐶𝐿 = 𝑇𝑂 ∙ 𝑇𝑃𝑊𝑀𝑅𝐿 ∙ (𝜋2 − 𝑃𝑀) (3.12) 

where PM is the required phase margin expressed in radians. As a result, to 

guarantee system stability with 50-kHz PMW control signal, a 

few-microfarads is required. Such values provide adequate performance in 

terms of both output voltage ripple and transient responses.  
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3.4.   Simulation Results 

Fig. 3.13 show the micrograph of the dc-dc converter (excluding the 

transformer which is shown in Fig. 3.5). The chip sizes are 1.97 mm × 1.78 

mm and 1.8 mm × 1.45 mm for chip A and chip B, respectively. The system 

was designed to deliver up to 130 mW with an isolated output voltage of 18 V 

(i.e., load resistance RL ≈ 2.5 kΩ). The output power is regulated by means of 

a control loop whose power consumption is negligible compared to the ones 

of the power link, thus avoiding power efficiency degradation. The simulated 

average current consumption of each building block of the control loop is 

reported in Table 3.4. The simulation results refer to a data rate for the control 

bits transmission of 12.8 Mbit/s (i.e., fCK = 12.8 MHz), while the frequency 

of PWM control signal was set to 50 kHz (i.e., N=256). 

The supply voltage, VDD, for the control loop blocks on Chip A was set to 

1.8 V thus limiting the power consumption of the digital circuits, whereas the 

supply voltage, VDD,ISO, on Chip B was set to 3.3 V to be compliant with the 

switches transistor MTX1,2 used into the transmitter. VDD and VDD,ISO are 

derived from VPWR and VISO, respectively. 

TABLE 3.4 

SIMULATED CURRENT CONSUMPTION OF THE CONTROL LOOP. 

 Block Current consumption Supply Voltage 

Chip A 
RX 750 µA 

1.8 V 
PW-CTR 120 µA 

Chip B 

Error amplifier 20 µA 

3.3 V PWM generator 20 µA 

TX 150 µA 



 

 
 

102 

 

Chapter 3 

 

(a) 

 

(b) 

Fig. 3.13.Micrograph of the dc-dc converter: (a) Chip A, (b) Chip B. 













 

 

 

 

 

Chapter 4.  

 

Dc-dc converter with data communication 

exploiting a single isolated link 

 

 

 

4.1.   Introduction 

The architecture in [44] provides an efficient solution to minimize the 

number of isolated links while guaranteeing all power and data 

functionalities, such as power transfer, bidirectional data communication and 

output power regulation. However, the minimum number of isolated links has 

been achieved in [28] and [45] which exploit only one isolated channel but at 

the cost of waiving power regulation [28] or data transmission [45]. In this 

chapter a new patented solution [46] which makes compliant both power and 
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carrier signal, which is not available during the off-phase, thus leading data 

bit losses. 

Following these considerations, the proposed architecture is able to 

implement both data communication and control feedback loop on the same 

isolated link used for power transfer, regardless CMTI performance. 

Specifically, it delivers a regulated output power up to 50 mW with a power 

efficiency of 15.6% and provides data communication of 3 multiplexed data 

channels with a data rate up to 8 Mb/s. This performance makes the proposed 

system very suitable for sensor interface applications. Furthermore, this 

solution does not depend on the isolation component technology, as well as 

the architecture in [45], and can be implemented with two or three chips. 

The chapter is organized as follows. Section 4.2 deals with system 

description and technology. The power/ctr/data link is presented in Section 

4.3, while simulation results are shown in Section 4.4. 

4.2.   System Description 

The simplified block diagram of the proposed system is depicted in 4.2. 

The converter is based on a patented architecture [46], which consists of a 

single isolated link used for power transfer, control signal feedback loop and 

data communication of N multiplexed data channels. The regulated output 

power is delivered to the external load, RL-CL, across the galvanic barrier 

thanks to a power-data-ctr link, which is made up of a power oscillator 

operated at 400 MHz, an isolation transformer, T, and a power rectifier. 

Differently from the widely adopted on/off control scheme, the dc output 

power, PISO, is regulated by means of a continuous-time feedback loop that 





 

 
 

112 

 

Chapter 4 

properly divided by an N factor. The reference clock, fCK, is also used as 

master clock for the multiplexer which collects the input signals into a single 

digital word. The bitstream at the output of the MUX drives the transmitter 

which performs data transmission across the galvanic barrier by means of 

amplitude modulation of the power signal. The receiver on the oscillator side, 

recovers both data and clock, f*CK, signals which drive the demultiplexer. The 

latter splits up the recovered bitstream on the correspondent channels, thus 

providing the data bits to the output data channels (i.e., D0-2,OUT) and the 

recovered control signal V*
CTR,B to a low-pass filter. The dc component, 

VCTR,A, of V*
CTR,B drives the current generator M1, thus providing the bias 

current, ICTR, which set the oscillation amplitude of the power signal. Note 

that ICTR is related on the control signal ε, thus properly performing the output 

power regulation. 

Similarly of the dc-dc converter presented in Chapter 3 [45], the proposed 

system was fabricated exploiting three different technologies. The isolation 

transformer (i.e., Chip T) was implemented in post-processed technology, as 

described in Chapter 1. The power oscillator chip (i.e., Chip A) takes 

advantage of the 0.18-µm BCD technology which provides high-voltage, 

high-power LDMOS. Finally, the 0.13-µm standard CMOS process was used 

to implement the power rectifier chip (i.e., Chip B) which exploits 

high-voltage Schottky diodes with sub-GHz operation capability for high 

rectifying efficiency. 
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4.3.   Power-Data-Ctr Link 

This Section focuses on the analysis of the isolated link with a detailed 

description of the main building blocks. The power-data-ctr link is the unique 

isolated channel of the proposed architecture and guarantees galvanic 

isolation between Chip A and Chip B, while performing both data and control 

signal transmission on the power signal used to provide the isolated supply 

voltage. The power link was designed to deliver a dc output power, PISO, 

around 50 mW at a nominal output voltage, VISO, of 3.3 V with a 5-V power 

supply, VPWR. The control signal for output power regulation is multiplexed 

with N data channels which are transmitted across the galvanic barrier by 

properly modulating the power oscillation voltage. The output power is 

regulated by controlling the bias current of the power oscillator which is 

operated in B class. Typically, a D-class power oscillator along with an on/off 

control scheme are used in galvanically isolated dc-dc converters to achieve 

the maximum theoretical power conversion efficiency. However, the on/off 

control scheme does not allow data communication on power signal, while 

D-class topology suffers of CMTs noises. In such a condition, the B-class 

power oscillator was preferred since it provides a simpler solution both for 

continuous-time power regulation and CMTs rejection than the D-class 

topology. Fig. 4.3(a) and Fig. 4.4(a) depict the simplified schematics of the 

power link with oscillator operated in D class and B class, respectively, which 

have been used to compare the CMT performance of the two topologies. A 

voltage ramp, VCM, is applied between the grounds of Chip A and Chip B, 

thus producing common-mode currents, ICM, through the parasitic 

capacitances of the transformer. It can be notice that D-class oscillator  
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produces a differential signal when the CMT occurs, as shown Fig. 4.3(b). 

Specifically, if M1D is on (see Fig. 4.3(a)), the node D1 is connected to ground 

(i.e., low impedance) while D2 is connected to high impedance being M2D an 

off-switch. Therefore, the noise on D1 is different than the noise on D2 and 

the common-mode currents produce a differential-mode noise which affects 

data communication (the signal VD1 – VD2 in Fig. 4.3(b) presents CMT noise). 

On the other hand, the B-class topology (see Fig. 4.4(a)) provides high 

impedance both on B1 and B2, thanks to the output impedance of the current 

generator MCTR, thus producing a common-mode noise which can removed 

by common-mode filtering [44], without affecting data communication (the 

signal VD1 – VD2 in Fig. 4.4(b) rejects the CMT noise). 

The description of the power link is reported in Section 4.3.1, whereas the 

data communication and the control loop are described in Section 4.3.2 and 

Section 4.3.3, respectively. 

4.3.1.   Power Link 

A simplified schematic of the power link is shown in Fig. 4.5. The 

architecture consists of a transformer-based power oscillator and a Schottky 

diodes rectifier, which perform dc-ac and ac-dc conversions, respectively. 

The power oscillator is based on a B-class topology which allows the control 

of the oscillation amplitude by properly setting the bias current, ICTR. The 

regulation of ICTR is provided by the current generator MR whose control 

voltage, VCTR,A, is directly related on the error signal ε, thus achieving output 

power regulation. The active core of the power oscillator is made up of 

LDMOS transistors, M1,2, whose gate-source capacitances along with 

coupling capacitors CB perform a capacitive partition of the oscillation  
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The reduction of the rectifier impedance improves the performance of the 

dc-ac converter since the impedance of transformer-loaded power oscillator 

increase. Moreover, a lower capacitance partition is achieved at the input 

rectifier, thus providing a higher signal to the ac-dc converter. 

For the sake of completeness, the design parameters of the overall power 

link are summarized in Table 4.2. 

 

4.3.2.   Data Link 

The simplified schematic of the data link is shown in Fig. 4.7. A data 

communication from Chip B to Chip A is provided by means of ASK 

modulation of the power signal. Both N data channels, D0-2,IN, and control 

signal, VCTR,B, are multiplexed into a digital word which consists of a 

bitstream, DMUX, at the output of the MUX. This bitstream drives the TX 

which performs the data transfers by means of impedance mismatch at 

secondary windings (LS1,2) of transformer T. To this purpose, capacitors 

CTX1,2 and ON/OFF switch resistances, which are implemented by MOS 

transistors MTX1,2, are used. A Manchester coding is adopted to improves the 

robustness of data communication. Indeed, this type of coding maintains 

constant the average value of the envelop signal also if a long sequence of 

bits 0 or bits 1 occurs, thus avoiding a reduction of the noise margin of the 

detector. After the galvanic barrier, a receiver block, which is made up of a 

detector and decoder, recovers both data and sampling clock that are split in 

the correspondent channels by means of a DEMUX. The synchronization 

between MUX and DEMUX is mandatory to properly guarantee both data 

communication and power regulation. There are different solutions in 
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of an error amplifier which is implemented by an operational 

transconductance amplifier. The output signal, Iε, of the error amplifier drives 

the PWM block thus providing a PWM signal, VCTR,B, whose duty cycle is 

related to Iε, as in the PWM block of the system in [45] (see Chapter 3). The 

PWM signal VCTR,B is then transmitted across the galvanic barrier by means 

of a data communication from Chip B to Chip A. After the galvanic barrier, 

the low-pass filter (i.e., RLP-CLP) provides the dc component, VCTR,A, of the 

recovered data, V*
CTR,B, to the current generator MCTR1 thus tuning the bias 

current of the power oscillator, ICTR, according to the output power level to 

be provided. Moreover, ICTR consists of an additional component which is set 

by MCTR2 and provides the minimum bias current for proper operation of the 

power link. Specifically, the expression of ICTR is given in equation (4.1) 

 𝐼𝐶𝑇𝑅 = 𝐼𝐶𝑇𝑅1 + 𝐼𝐶𝑇𝑅2 (4.1) 

where ICTR2 is provided by MCTR2 according to the bias voltage, VB2, while 

ICTR1 is the control variable provided by MCTR1 and related to the error signal 

by equation (4.2) 

 𝐼𝐶𝑇𝑅1 = 𝑔𝑚𝐶𝑇𝑅,1[(𝑉𝐻 − 𝑉𝐿) ∙ 𝐷𝐶(𝐼𝜀)] (4.2) 

being gmCTR,1 the transconductance of MCTR,1, VH and VL the minimum and 

maximum value, respectively, of V*
CTR,B, and DC is the duty cycle provided 

by the PMW block as function of the error signal, which is reported in 

equation (3.3). 

Finally, the loop stability analysis was carried out considering a single pole 

approximation for each block of the control loop. By referring to the 

simplified model in Fig. 4.9, the open loop gain, TO, can be written as 
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 𝐴𝑇𝑋/𝑅𝑋 = 𝑑𝐷𝐶(𝑉𝐶𝑇𝑅,𝐴)𝑑𝐷𝐶(𝑉𝐶𝑇𝑅,𝐵) ≅ 1 (4.6) 

 𝐴𝐿𝑃𝐹 = 𝑑𝑉𝐶𝑇𝑅,𝐴𝑑𝐷𝐶(𝑉𝐶𝑇𝑅,𝐴) = 𝑉𝐻 − 𝑉𝐿 (4.7) 

 𝐴𝑃 = 𝑑𝑉𝐼𝑆𝑂𝑑𝑉𝐶𝑇𝑅,𝐴 = 𝑔𝑚𝐶𝑇𝑅,1 2𝜋 𝑅𝑇𝑅√𝐿𝑆𝐿𝑃 𝑘𝐶 2𝜋 (4.8) 

 

being GM the transconductance of the error amplifier, DC(VCTR,B) and 

DC(VCTR,A) the duty cycle of VCTR,B and VCTR,A, respectively, RTR the 

equivalent resistance at the primary winding of the transformer and kC the 

magnetic coupling factor of the transformer. 

An expression of the loop gain transfer function, T(s), was evaluated by 

considering the two main low frequency contributions, i.e. the pole of the 

power link at the output (i.e., RL-CL), and the pole of the low-pass filter pole 

(i.e., RLP-CLP). Differently from (3.12), the delay introduced by the PWM 

block has been neglected since the period of the PWM control signal is set 

much lower than the time constant of the low-pass filter (i.e. 

1/ RLPCLP << 1/TPWM), 

 𝑇(𝑠) = 𝑇𝑂 1(1 + 𝑠𝑅𝐿𝐶𝐿) ∙ (1 + 𝑠𝑅𝐿𝑃𝐶𝐿𝑃) (4.9) 

In the worst case, a maximum 40-dB open loop gain TO was set. Therefore, a 

dominant pole compensation can be easily achieved increasing the load 

capacitance, CL, whose value can be evaluated from 
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 𝐶𝐿 = 𝑇𝑂 ∙ 𝑅𝐿𝑃 ∙ 𝐶𝐿𝑃𝑅𝐿 ∙ tan (𝜋2 − 𝑃𝑀) (4.10) 

where PM is the required phase margin expressed in radians. As a result, to 

guarantee a phase margin of 60°, a few-microfarads is required. Such values 

provide adequate performance in terms of both output voltage ripple and 

transient responses. 

4.4.   Simulation Results 

Fig. 4.10 shows the micrograph of the dc-dc converter (excluding the 

transformer which is shown in Fig. 4.6). The chip sizes are 1.97 mm × 1.78 

mm and 1.8 mm × 1.45 mm for chip A and chip B, respectively. The system 

was designed to deliver up to 50 mW with a regulated output voltage of 3.3 V 

(i.e., load resistance RL ≈ 220 Ω). The power consumption of the control loop 

is negligible compared to the ones of the power link, thus avoiding any power 

efficiency degradation. The simulated current consumption of each building 

block of the control loop is reported in Table 4.3. 

TABLE 4.3 

SIMULATED CURRENT CONSUMPTION OF THE CONTROL LOOP. 

 Block Current consumption Supply Voltage 

Chip A 
RX 370 µA 

1.8 V 
DEMUX 30 µA 

Chip B 

Error amplifier 20 µA 

3.3 V 
PWM generator 50 µA 

TX 200 µA 

MUX 20 µA 
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(a) 

 

(b) 

Fig. 4.10. Micrograph of the dc-dc converter: (a) Chip A, (b) Chip B. 









 

 

 

 

 

APPENDIX A  

 

Verilog-A models for system simulations 

 

A. Introduction 

This appendix presents the Verilog-A codes which have been used to carry 

out system simulations. The proposed architectures are made up of several 

circuital blocks and consist of a very complex transistor-level 

implementation. Moreover, the frequency-domain of the systems contains 

different operating frequencies thus involving a considerable calculation 

time, especially in transient simulations which are essential for closed-loop 

analysis of the control link. Following these considerations, the building 

blocks of the architectures in [45] and [46] have been modelled by using the 

modeling language Verilog-A which is compliant with eldo platform on 

cadence environment. 
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The models exploit a mixed implementation of the systems which consists 

of both behavioral and transistor level circuital blocks. Specifically, the model 

of the architecture in [45] (see Fig. A.1), which refers to the schematic in Fig. 

3.6, has been achieved by considering the transistor-level circuit of the 

PW-CTR and the behavioral modeling of the remaining blocks whose models 

are listed below. Moreover, the block diagram in Fig. A.1 includes AND gates 

which provide the recovered data and clock to the PW-CTR circuit during the 

on-state of the oscillator, while no recovered signals are provided during the 

off-state. 

 

B. Power link 1 

The power transfer from chip A to chip B is performed by means of charge 

injection to the output load, RL-CL. Therefore, the power link behavior is 

similar to a current source. It can be notice that the delivered current, IPWR, 

depends on RL-CL thus leading IPWR to be expressed as function of the output 

voltage, VISO. Specifically, a second-order expression was chosen to 

implement the relationship between IPWR and VISO. Moreover, the on/off 

control is implemented by the digital input signal, VCTR,A, that resets IPWR 

during the off-phase of the oscillator. The design modeling is described as 

followed: 

 

‘include “constants.vams” 

‘include “disciplines.vams” 

module power_link_1(in, vdd, out, gnd); 
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 k/EA/PWM 

 inout in, vdd, out, gnd; 

 electrical in, vdd, out, gnd; 

parameter real a1 = -52µ; 

parameter real b1 = 1.4m; 

parameter real c1 = 1m; 

analog begin 

 I(gnd, out) <+ V(in, gnd)*(a1*V(out,gnd)**2+b1*V(out,gnd)+c1); 

 end 

endmodule 

 

C. k/EA/PWM 

This block provides the PWM signal, VCTR,B. by means of modelling the 

behavior of the resistive partition, error amplifier and PWM circuit. 

 

‘include “constants.vams” 

‘include “disciplines.vams” 

module k/EA/PWM(sig, ref, out); 

 inout sig, ref, out; 

 electrical sig, ref, out; 

 parameter real gm = 50 µ; // transconductance of error amplifier. 

 parameter real k = 13; // resistive partition. 

parameter real tck = 20µ; // reference frequency (i.e, fck/N). 

parameter real C = 1p; // integration capacitance CI (see Fig. 3.6a). 

 real vx; 
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 real vo = 0; 

 real reset = 0; 

analog begin 

 // voltage ramp: 

  vx = idt(gm*k*V(sig, ref)/C, 0, reset); // charge phase of CI. 

 // comparator: 

  @(cross(v(x)-1, +1)) begin 

   vo = 0; 

   reset = 1; 

  end 

 // reset of the voltage ramp for each clock period: 

  @(timer(1n, tck)) begin 

   reset = 0; 

   vo = 1; 

  end 

 // pulse to reset the voltage ramp: 

  @(timer(0, tck)) begin 

   reset = 1; 

  end 

 v(out) <+ transition(vo, 0, 1n, 1n); 

 end 

endmodule 
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 TX/RX 

D. TX/RX 

The data transmission of control bits involves the sampling of the PWM 

signal, VCTR,B, which is performed by the transmitter, TX, while the receiver, 

RX, recovers both data and clock. These operations are achieved by means of  

the TX/RX block whose design modeling is described as followed: 

‘include “constants.vams” 

‘include “disciplines.vams” 

module TX/RX(in, out, ck_out); 

 inout in, out, ck_out; 

 electrical in, out, ck_out; 

 parameter real del = 100n; //  

 parameter real del_sample = 10n; //  

parameter real fck = 12.8M; // reference frequency (i.e, fck). 

 real sample_x; 

 real sample_y; 

 real vy; 

 real vck = 0; 

analog begin 

  @(timer (del_sample+0.5/fck,1/fck)) 

   sample_x = v(in) > 0.5; 

  v(x) <+ sample_x; 

@(timer (del_sample,1/fck)) 

   sample_y = v(x) > 0.5;  

@(timer (del_sample,1/(2*fck))) 

   vck = !vck; 
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  v(y) <+ sample_y; 

  vy = v(y); 

  v(out) <+ transition(vy, del, 1n, 1n); 

  v(ck_out) <+ transition(vck, del, 1n, 1n); 

end 

endmodule 

Finally, the model of the architecture in [46] (see Fig. A.2), which refers 

to the schematic in Fig. 4.8, consists of transistor-level circuit for the current 

generator which biases the power oscillator and behavioral models for the 

remaining blocks. The description of the power link is provided below, while 

the Verilog-A codes of k/EA/PWM and TX/RX blocks are similar to the ones 

of the previous model with different values of frequency references. 

Specifically, fck/N = 1 MHz and fck = 32 MHz.  

 

E. Power link 2 

The power link in [46] is based on a B-class topology for the power 

oscillator which allows output power regulation by adjusting the bias current, 

ICTR. Therefore, the delivered output current, IPWR; depends on ICTR.. The 

design modeling is described as followed. 

 

‘include “constants.vams” 

‘include “disciplines.vams” 

module power_link_2(in, vdd, out, gnd); 

 inout in, vdd, out, gnd; 
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 electrical in, vdd, out, gnd; 

parameter real Iout0 = -7m; //output short-circuit current. 

parameter real kiosc = 0.3; //dependence from the input current. 

parameter real kvout = -0.9m; //dependence from the output voltage. 

analog begin 

 I(gnd, out) <+ Iout0 + kiosc*I(vdd, in) + kvout*V(out, gnd); 

 end 

endmodule 
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Test equipment 

 

 

 

 
The experimental measurements have been carried out at the RF-ADC 

laboratory which has advanced tools for both on-wafer and on-board testing. 

Fig. A.1 shows the test bench used for the characterization of the dc-dc 

converter [44] in Chapter 2. The main tools and equipment exploited for the 

measurements are listed below: 

• Agilent triple output DC power supply E3631A 

• Agilent dual output DC power supply E3649A 

• Agilent digital multimeter 34401A 

• Agilent waveform generator 33250A 

• Agilent EXG analog signal generator 
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Conclusion  
 

 

 

 

 
Novel architectures for power and data transfer systems with galvanic 

isolation have been proposed. They provide efficient solutions to minimize 

the number of isolated links while performing power and data functionalities. 

The size of isolated systems is mainly due to the area occupation of the 

isolation components. Therefore, a reduction of exploited channels is greatly 

demanding to decrease both complexity and costs of the overall application. 

In Chapter 1, an overview of the available state-of-the-art solutions for both 

isolated data and power transfer has been presented. Several efforts have been 

made to implement power and data functionalities by sharing the same 

isolation component. 

This thesis deals with the analysis and design of three dc-dc converters for 

low power applications. In Chapter 2 a 100-mW dc-dc converter with 
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bidirectional half duplex data communication has been presented. Galvanic 

isolation up to 6 kV is performed by the integrated transformer thanks to the 

thick oxide layer of the BCD technology back-end. The proposed architecture 

exploits the isolated power control link to transfer bidirectional half duplex 

data, thus reducing the overall silicon area and package size. Therefore, only 

two isolated components have been exploited which are the control/data link 

and the power link. The latter delivers up to 93 mW output power and output 

voltage ranging from 2.4 V to 3.3 V thus providing an efficient solution for 

many applications both in medical and consumer environments. The dc-dc 

converter presents significant advantages not only over traditional solutions 

[50], [43], but also over recently published isolated data/power transfer 

system [28], [40]. Indeed, it is able to provide high regulated power levels, up 

to 93 mW, and data rates, up to 50 Mb/s, while improving the integration level 

with respect to the state of the art. Moreover, differently from the architecture 

in [28], the proposed solution has no theoretical limits in the maximum 

achievable data rate and do not require performance trade-off between power 

efficiency and CMTI. 

Chapter 3 presents a dc-dc converter which performs both power transfer 

and control feedback loop by exploiting a single isolated link. Differently 

from [29], [30], this architecture includes a control loop to regulate output 

power/voltage. Typically, a dc-dc converter consists at least of two isolated 

channels as in [40] and [44]. Thanks to a novel architecture, only one isolated 

link is adopted. Specifically, the error signal for power regulation is converted 

into a PWM signal which is sampled and transmitted across the galvanic 

isolation barrier by means of ASK modulation of the power signal. After the 

isolation barrier, control bits and sampling clock are recovered to recontract 
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the PWM control signal. The big design challenge was to make compliant 

on/off control scheme for output power regulation with data transmission on 

the power signal. Indeed, the on/off control scheme maximizes the efficiency 

performance but involves the shutdown of the power oscillator thus disabling 

data communication. To this purpose, a novel technique is proposed which 

provides the proper PWM control signal to the power oscillator even during 

the off-phase. The proposed architecture is based on a phase-locked loop 

which exploits a sample and hold operation on the recovered clock signal used 

for data transmission. The PLL operation is essential to properly achieve the 

control feedback loop since it provides an extremely accurate reference clock 

for the PWM control signal without additional external components. 

Moreover, the output signal of the PLL guarantees the turning on of the power 

oscillator after the off-phase, thus avoiding the off steady-state condition. A 

regulated output power higher than 100 mW with an output voltage of about 

20 V and power efficiency around 25 % are achieved, thus addressing this 

system towards gate driver applications. 

Finally, the minimum number of isolated links is definitely achieved by 

the architecture presented in Chapter 4. The control signal is multiplexed 

along with N data channels which are transmitted across the isolation barrier 

by means of ASK modulation of the power signal. Therefore, a single isolated 

link is exploited thus drastically reducing system complexity and 

manufacturing costs. Differently from common dc-dc converters which are 

based on an on/off control scheme, the output power is regulated by adjusting 

the biasing current of the power oscillator operating in class-B. The converter 

is able to deliver up to 50 mW with 3.3-V output power and power efficiency 
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of about 16 %, thus making this system very suitable for sensor applications. 

Table C.1 summarizes the performance of the proposed systems. 

Additional improvements can be done to make the proposed systems more 

appealing, especially concerning power efficiency performances. The 

bottleneck for the overall power link efficiency is represented by the isolation 

components which features poor Q-factors. The research interests are 

growing towards the realization of high-quality micro-transformer that can be 

implemented by adopting thin-film magnetic layers. This technology 

improves both efficiency and EMI performance [67] but leads to high 

implementation costs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE C.1 

SUMMARIZED PERFORMANCE OF THE PROPOSED SYSTEMS 

 [44] [45] [46] 

Application General purpose Gate Driver Sensor interfaces 

Supply voltage* [V] 3.3 5 5 

Isolated output voltage [V] 2.4 – 3.3 18 3.3 

Isolated output power [mW] 10 – 93 130 50 

Power efficiency [%] 19 25 16 

Power&data 

funtionalities** 

PT – PR 

DT (bidirectional) 
PT - PR 

PT – PR 

DT (from B to A) 

Control scheme PWM PWM Continuous-time 

Number of isolated links 2 1 1 

Isolation technology 

Integrated SiO2 

transformers with 

standard metals 

Post–processed polyimide 

transformer with thick Au metals 

Silicon technology 0.35-μm BCD 0.18-μm BCD, 0.13-μm CMOS 

*Power oscillator  **PT = power transfer, DT =data transmission, PR = power 

regulation 
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