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Summary 

This thesis sums up main activities which I have been carried out at the 

Radio-Frequency Advanced Design Center (RF-ADC), a joint research center 

between STMicroelectronics and the University of Catania, during my three years 

of Ph.D. studies. 

My principal activity was focused on the design of galvanically isolated 

integrated systems as a part of a research project at the RF-ADC by exploiting 

STMicroelectronics technology platforms providing on-chip galvanic isolation. 

This technology was previously addressed to the implementation of isolated data 

transfer and it is currently used for mass production. In this context, the principal 

purpose of my work was the investigation on a fully integrated dc-dc power 

converter with half-duplex data communications providing on-chip galvanic 

isolation in silicon technologies. This research is mainly interested in increasing 

the level of integration for the next generation of power converters with data 

transfer and several other applications requiring galvanic isolation. Autonomous 

sensors and/or control circuits, typically require a few tens of Mbps for data 

communication and an output power from tens to hundreds of mW. In this 

context, fully integrated interfaces can provide several advantages, including 

higher reliability, lower PCB area, lower system complexity and lower costs, 

especially if only silicon technology is exploited. The state of the art of isolators 

concerning data transfer and power devices are presented in Chap. 1. 

Integrated dc-dc power converter with on-chip galvanic isolation involves 

several challenges due to both inherent technology limitations and the highly 

non-linear interactions between building blocks. It requires customized design 
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1. Chapter I 

Introduction 

This chapter introduces the object of this dissertation that is a fully 

integrated half-duplex data and power transfer system with on-chip galvanic 

isolation. Starting from the state of the art of low-power isolated applications, the 

aim, the technology platform and the main outcome of this work will be 

discussed. 

1.1 Low-power isolated interfaces  

Galvanic isolation is becoming a crucial requisite in the growing field of 

applications involving measurements and digital control in order to guarantee 

safety and reliability for both data communication and power supply, especially in 

harsh operative environments. Indeed, the isolation protects sensitive circuit 

components and human interface on the control side from dangerous voltage 

levels present on the sense side, where more robust components such as sensors 

and actuators reside. Moreover, thanks to the galvanic isolation common-noises or 

ground loops that affect data acquisition accuracy can be eliminated. To this end, 

channel isolators with integrated dc-to-dc power converters are typically adopted 

within on board discrete or system-in-package implementations. Recently 

significant efforts have been done to improve the level of integration of such 

isolated systems, thus lowering costs and reducing package and application board 

sizes. We will briefly present the need for these low-power isolated interfaces in 

autonomous sensors, and more generally the safety reasons which make isolation 

mandatory by many system-level standards. Lastly, the state of the art of 

low-power isolated interfaces will be discussed, along with the relative 

component-level regulations. 
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thousands of volts. Typical surges are due to high-current switching loads (e.g. 

electric motors), or unpredictable events such as electrostatic (ESD) discharges 

and lightning strikes. These surges can irreparably damage grounded transceiver 

interfaces, whereas isolation allows the transceiver ground to follow the surge and 

hence improves the robustness of the network [5]. Low power wireline 

transceivers for CAN bus and TIA-485 networks operate at 5-V with current 

consumption around 70 mA in normal operating conditions [6], [7]. Therefore, an 

isolated power supply providing around 300 mW output power at 5-V is highly 

desirable to simplify wireline network�s design. 

 

Figure 1.1 Ground loops problem in wireline communication systems [72] 
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Table 1.2 System-level standards involving isolation by market and region [9] 

 

The main concept behind these regulations is that three levels of protection 

are commonly defined, that are basic, double, and reinforced insulation [10]. 

Basic insulation is ascribed to a system which provides isolation while protecting 

the end user from potentially lethal shocks, as long as the isolation barrier is 

intact. Double insulation is often mandatory for end-user products. It requires a 

second insulation system to guarantee basic protection even if the first insulation 

system fails, thus providing redundant protection. The simple way to obtain 

double insulation is by cascading two basic-insulation systems, thus increasing 

costs and complexity and limiting the performance of the system. As a result, 

reinforced insulation has been introduced, and it is the most used isolation level, 

being defined as a single insulation system which guarantees electrical-shock 

protection equivalent to double insulation. For a given application, system 

designers must choose the insulation characteristics of each component to meet 

system-level standards. 

1.3 State-of-the-art of isolators 

Optocouplers and discrete transformers have traditionally been used to 

guarantee isolation for data transfer and their low-power supplies. Recently, 

research efforts have been addressed towards the development of reliable and 

low-cost integrated implementation able to replace these traditional approaches. 

Typically, data transfer with galvanic isolation have been achieved by using 

RF links [11], capacitive coupling [12] or integrated coreless 

transformers [13], [14]. These devices are commonly referred to as �digital 

isolators� or simply �isolators�. As far as power transfer is concerned, discrete 

transformers are still the solution of choice even for the aforementioned 
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data and power transfer [26], isolated analog-to-digital converters [27], digital 

isolators [28] and so on.  

 

Figure 1.8 (a) Data/power SiP before packaging. (b) Cross-section of isoPower 

transformer 

To enable cost-effect integration, the main challenge of the isolated dc-dc 

power converter with data transfer is achieving a good trade-off between 

efficiency and power density while providing a high data rate with a good CMTI 

performance. 

Component regulations 

Component regulations are the counterpart of system regulations defining 

the components specifications needed to guarantee a certain level of protection 

within a system. Generally adopted component-level standards are the following: 

• UL 1577 

• IEC 61010-12 

• IEC/DIN/EN 60747-5 

                                                 
2 Safety standard for measurement, control and lab equipment�, also defines component 
requirements. 
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Figure 1.9 Simplified IEC 60747-5 and VDE 0884-10 test profiles [30] 

Most regulations were developed when only optical isolators were available 

and are tailored to their physical structure, where the insulator thickness (a.k.a. 

distance through insulator or DTI) is very high. This is the case for UL 1577 and 

IEC 60747-5, which only apply to optical isolators. Recently VDE 0884-10 has 

been developed to expressly take into account the availability of highly integrated 

semiconductor isolators with micro-scale isolation barriers, either using magnetic 

or capacitive transfer approach. It certifies reinforced insulation as well as 

IEC 60747-5-5, but it also includes a 10-kV surge test, which is performed with 

the waveform in Fig. 1.10, where VSURGE (a.k.a. VIOSM) is the maximum surge 

isolation voltage [31]. A new standard releases either at component or system 

level are planning to take into account these new thin-film semiconductor 

devices [30, 9]. It is also worth noting that many component standards and 

system-level regulations as well, often pose specific requirements on the clearance 

(i.e. distance through air) and creep age (i.e. distance along the surface) of the 

isolator�s package, as defined in Fig. 1.11, and its fabrication materials. 
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Figure 1.10 Simplified VDE 0884-10 surge test profile [30] 

 

Figure 1.11 Definition of clearance and creepage [31] 

1.4 Isolator’s market 

Usually highly-specialized companies provide a quantitative estimate of 

market because their revenues is a quite complex task. Through a unique 

combination of information, analytics and expertize it is possible to elaborate 

detailed reports about specific business markets, macroeconomic areas, global 

trends and so on. Besides these reports, the few isolator�s market data available 

for free on the internet can also prove useful to understand the amount of 

isolator�s business and hence the importance of innovation in this field. IHS is one 

of a global information company with world-class experts in the pivotal areas 

shaping today’s business landscape. In [32], released on 2013, December, a 

compound annual growth rate (CAGR) up to 10-20 % from 2013 to 2018 is 
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expected for optocouplers, which have been the mainstream isolator technology. 

Particularly, the gate driver market is expected to experience high-growth, 

according to this report. Optocouplers market is estimated around $ 1.3 billion, 

with $ 543 million from high performance optocouplers, in spite of their 

drawbacks when compared with the already discussed integrated isolators.  

Another report from IHS, released on 2014, May, contains the graph in 

Fig. 1.12 that is referred to the worldwide isolation market. It is available at [33], 

where a growth of 8 % between 2012 and 2013 is reported, thus confirming $ 1.33 

billion of market revenues in 2013. One of the key point for this growth is the 

automotive market: while being only 10 % of total optical isolation market in 

2013, a Hybrid & Electric Vehicles (HEV) growth of 7 % was observed in 

2012/2013 and it is expected to rise up to 18 % in 2014. 

 

Figure 1.12 Forecasts for worldwide isolation market [33] 

According to the report, a CAGR of 12 % is expected between 2013 and 

2019 for optocouplers and solid-state relays in this market. For a comparison, 

industrial market is expected to grow by 12 % between 2014 and 2019 instead, 

that is a CAGR around 4.7 %. Fig. 1.12 and [33] also put a glance on non-optical 
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isolators. IHS states that many manufacturers such as Analog Devices Inc., Texas 

Instruments and Silicon Laboratories have released products or hold patents in 

this area. Non-optical isolators show increasing success in new and high growth 

markets such as PV inverters, smart meters and especially HEV due to higher 

performance and reliability. It is worth nothing again that this is a market where 

high-performance devices are required, with relatively higher value with respect 

to industrial applications. Optocouplers companies like Avago, Toshiba and 

Renesas are trying to compete by introducing new high performance optocouplers 

but most of their sales occur in the traditional and more stable industrial markets 

and hence their growth may be lower compared to non-optical isolator companies.  

Finally, it is worth nothing that the growing interest and high value of the 

Galvanic Isolated ADC market. According to a report from IHS on the Galvanic 

Isolated ADC market [34], the ADC (analog to digital conversion) market was 

worth $ 163 million or 12 % of the total isolation market. ADC Isolation is also 

forecast to grow faster than the whole isolation market. As unit shipments, under 

2 % of the isolation market is in ADC, but these products have a much higher 

price, estimated at an average $ 1.03 in 2013 (158 million units in 2013). Avago 

was the no. 1 supplier of ADC isolation in 2013, mostly based on standard 

optocouplers, and other suppliers include Fairchild, Renesas, Sharp and Toshiba 

but also ADI, with the already discussed iCoupler technology, was mentioned. It 

is worth noting that ADI reports that more than 1 billion digital isolated channels 

were sold between iCoupler introduction and 2013 [34]. 

Although the reliability of these almost exponentially growing extrapolated 

data as well as the quality of market analysis and financial advisors are quite 

subjective, it is clear that an actual growth of isolated converters took place 

between 2012 and 2014. More solid reasons for this growth are the increasing 

policy support of governs and their commitment towards the reduction of global 

pollution and CO2, as already pointed out in [35]. To this end a system that 

provides an isolated dc-dc power converter while allowing a data transfer is 

preferred. 
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1.5 Aim of this thesis 

As discussed in the previous section, a wide range of application can 

advantage of fully integrated system performing on-chip galvanic isolation. 

Applications such as industrial process control, power supply regulation and 

point-to-point communication can be described by the general block diagram 

shown in Fig. 1.13. Here, two tied interfaces are often separated by long distances, 

so galvanic isolation is typically required to break up grounds loop, protect the 

system from high-voltages transients, and reduce signal distortion, as well as for 

physical safety. Data transfer are performed across the galvanic isolation barrier to 

carry out the communication between the two interfaces, whereas isolated power 

supply for the second domain should be derived from the first one. 

 

Figure 1.13 Typical low-power applications requiring isolated data and power 

transfer 

By taking advantage of research in semiconductor technologies, some of 

these applications can be addressed with a fully integrated approach, thus 

providing on-chip galvanic isolation, while avoiding any discrete or 

post-processed components. The market for these applications presents solid 

growth opportunities for next decades, however most players focus on data and 
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power transfers by exploiting different channel. Moreover, several data transfer 

applications have already been successfully faced in silicon technology, whereas, 

further to the power transfer, the most advanced implementations still involve 

post-processing steps including deposition of both thin-film dielectric and thick 

metal layers. Then the implementation of fully integrated system able to transfer 

both data and power by exploiting a single inductive channel is an ambitious 

result being a key competitive advantage to gain market share in the expected 

growth scenario. 

In this work, we focus on circuit and system design techniques to achieve 

fully integrated data and power transfer with currently available silicon 

technologies. Technology aspects regarding the implementation of on-chip 

galvanic isolation are not covered, since the whole technology platform was 

supplied by STMicroelectronics. Due to the huge, inherent complexity of 

developing an isolator, we only focus on the key electrical aspects of the circuit 

design that are the amount of output power and robustness of data transfer, thus 

carrying out the maximum efficiency and the minimum bit error rate (BER), 

respectively, for a given technology. In this section the basic architecture of the 

developed systems is presented as well as the adopted technology platform and 

the main results achieved 

1.5.1 Architecture of system 

At present the most promising approach for fully integrated dc-dc isolated 

power converter with data transfer uses architecture exploiting the magnetic 

coupling. This approach is based on transformer-loaded oscillator that performs 

the dc-ac power conversion, a planar integrated transformer which guaranteed the 

galvanic isolation, a rectifier to provide the ac-dc power conversion and data 

blocks which are able to perform the bi-directional data communication. The key 

element of these systems is the power oscillator including the integrated isolation 

transformer which affects the power efficiency performance while driving the 

choice of the system architecture. In particular, the adopted oscillator is based on 
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previously developed and characterized for galvanic-isolated data transfer, similar 

to other state-of-the-art integrated isolators [39], [40], [41]. This module has been 

recently used for mass-production of several devices providing on-chip galvanic 

isolation [42], [23]. The tick oxide layer is placed between the two top metal 

layers, as shown in the simplified back end of line (BEOL) cross-section of 

Fig. 1.15. Depending on the galvanic isolation rating the tick oxide can have 

different thickness.  

 

Figure 1.15 Simplified cross-section of the available back end of line with thick 

This technology powered by STMicroelectronics was chosen thanks to its 

compatibility with the thick-oxide module fabrication process and by the high 

resistivity of the available SOI substrate that is mandatory to achieve high 

efficiency for power transformers. Is worth noting that, the galvanic isolation 

rating of this adopted technology has been certified up to 5 kV.  

1.5.3 Main results  

For the first time a fully integrated CMOS system, able to transfer both data 

and power on the same isolation transformer was demonstrated. It can be adopted 

in an interesting real-life application requiring isolated data and power transfer 

which was addressed during this work as a part of a research project at the 
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2. Chapter II 

Fully integrated galvanically isolated 

power transfer systems 

This chapter takes on the detail descriptions and the design of a fully 

integrated dc-dc converter with galvanic isolation in order of several kilovolts, 

i.e., 5-kV. The converter was designed to produce about 30 mW output power, 

POUT, at 3-V output voltage, VOUT, from a 3-V power supply, VDD. To enable a 

wide range of low-power applications requiring an isolation barrier, the reduction 

of cost, complexity and size is a crucial target to be reached. An upper bound of 

5 mm2 for the whole area and a novel architecture for dc-ac power converter were 

chosen as a reasonable specification for the isolated power transfer system. 

Indeed, the design was customized to the maximization of power efficiency being 

a crucial aspect for autonomous low-power isolated sensors. 

2.1 System description 

A simplified schematic of the fully integrated isolated dc-dc converter is 

shown in Fig. 2.1. The integrated transformer, TISO, is the core of the system since 

it provides on-chip galvanic isolation and power transfer. In the proposed 

implementation it is integrated into the chip A with a novel power oscillator 

circuit exploiting the current-reuse technique, whereas a second die includes a 

well-known full-bridge rectifier for ac-dc power conversion, and the turn�s ratio 

of the integrated transformer is used to obtain the required step-up voltage 

conversation ratio. The power transfer system was fabricated in 0.35-µm 

BCD-SOI technology providing on-chip galvanic isolation, as described in 

Section 1.5.2. 
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Figure 2.3 Rectifier efficiency as function of output power for different MNMOS 
(i.e., M5,6,7,8) 
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Figure 2.4 Oscillators topologies for isolated power transfer. (a) Class D Oscillator. 

(b) Complementary cross-coupled oscillator. (c) Current-reuse oscillator 

RF class D oscillators have gained attention in highly scaled technologies, 

for design approaches mainly focused on low power applications [44], thanks to 

its advantages in term of low phase noise. In fact, this topology makes possible to 

combine low phase noise, low supply voltage and high efficiency simply by 

increasing the size of the cross-coupled nMOS switches, thus maximizing the 

oscillation amplitude. However, this topology requires special devices, such as 

lateral-diffuses or thick-oxide transistors with higher breakdown voltages, to 

sustain drain voltages that can reach a pick of approximately 3•VDD. When only a 

standard CMOS technology is available, the complementary cross-coupled 

architecture shown in Fig. 2.5 (b) is used. This solution allows to reduce the 

power consumption while avoiding breakdown issues [45], being its oscillation 

level inherently contained within the supply voltage. For small-signal operation it 

provides higher small-signal trans-conductance for the same biasing current, 

thanks to the double cross-coupled pair. However, for large-signal operation this 

advantage is less important, since very high transistor�s width are required to 

provide ac power with high efficiency and trans-conductance is not a problem. 

Although the active devices can easily reach the deep triode region to minimize 

power losses, for power transfer applications the efficiency of this topology is still 

lower than the class D oscillator, due to lower oscillation level and higher losses 

in the active devices. Indeed, the differential voltage across the primary coil can 
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be around VDD at most, which entails higher currents in the coil for a given power 

level, and during operation two devices are always stacked for each path between 

power supply and ground, apart from the primary coil, instead of only one. 

Therefore, novel transformer-loaded topologies are required to improve 

performance while avoiding breakdown and properly exploiting the characteristics 

of integrated transformers at the same time. This aspect is particularly important 

since passive devices are the bottleneck for both power efficiency and power 

density in standard technology. A novel topology which has been found to satisfy 

these requirements is shown in Fig. 2.5 (c). It performs three key aspects, i.e. 

inductively coupled oscillators, current-reuse technique, and output power 

combining [46]. The circuit is made up of two LC complementary CMOS 

oscillators, i.e., M1,2-LP1,2 and M3,4-LP3,4, which share the same supply current and 

whose tank inductors are magnetically coupled to each other according to the 

dot-scheme represented in the figure. In particular the inductors LP1,2 and LP3,4 

form the two primary windings of the isolation transformer, TISO, whereas 

inductors LS1,2 make the second winding. If the magnetic coupling coefficient 

between the primary windings, kP, is sufficiently high (typically greater than 0.6) 

frequency synchronization of the two oscillators is reached [47], [48]. Thanks to 

the magnetic coupling between the primary coils, the equivalent load inductance 

of each oscillator is boosted by the factor (1+kP), while maintaining the same 

resistive losses. The signal produced at each primary winding is then delivered to 

the secondary winding of  TISO, where a power combining is performed, thus 

nearly doubling the overall output power on the rectifier input. The magnetic 

coupling between primary and secondary coils, kS, is 0.8. In this configuration 

thanks to the current-reuse arrangement, which is easily implemented by means of 

the central-tap of the primary windings, the further improving of the oscillator 

power efficiency is allowed. In particular, this architecture compared with the 

complementary cross-coupled topology, has highlighted an increase for both 

output power and power efficiency higher than 10 % and 40 %, respectively. 

This comparison was carried out in the same CMOS process, at equal supply 

voltage and ZRECT, and for the same frequency oscillation. Moreover, the total 

silicon area was kept constant for both the active core and the isolation 
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transformer, which is a key constraint in this context. It is worth noting that to 

maximize the power efficiency at the given output power a co-design procedure 

between the oscillator core and the transformer is required, thus exploiting this 

procedure we will design the oscillator core.  

2.3.3 Isolation transformer 

The implementation of the integrated isolation transformer involves the use 

of a staked configuration for primary and secondary windings. Indeed, the 

galvanic isolation is guaranteed by the thick oxide layer between the top metal 

layers (i.e., metal 4 and metal 3) of the adopted technology platform. As discussed 

in the previous section, the adopted power oscillator based on current-reuse 

technique requires an adequate magnetic coupling factor kP in order to achieve an 

optimized power combining into the third winding. To this aim a three coils-

transformer is implemented, as shown in Fig. 2.5. Specifically, the four inductors 

of the primary windings, LP1-LP4, are arranged through two symmetric interleaved 

configurations, LP1/3 and LP2/4, one for each secondary coupled coils (i.e., LS1 and 

LS2), with a common terminal for the central-tap.  

 

Figure 2.5 Isolation transformer schematic 

Thanks to the minimum spacing (1-µm) available on the metal 3 for LP1/3 

and LP2/4 the magnetic coupling is further maximize. Instead the secondary coils, 

LS1 and LS2, are built exploiting the metal 4 and they are staked on the primary 

coils, as shown in Fig. 2.6. To contact the inductor terminals and the central-tap, 
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the underpasses are exploited. These are built by using the shunted lowest metal 

layers in order to minimize their series resistances. The design of this integrated 

transformer for the proposed dc-dc power converter needs a co-design procedure 

with the active component (i.e., oscillator core), which will be discusses in next 

section. As mentioned before, high coupling factor between primary and 

secondary coils, kS, is mandatory for an optimized design since a low k-factor 

combined with the poor Q-factor of integrated transformers would highly affect 

the overall system efficiency. Consequently, the maximization of the overlap area 

between primary and secondary windings is crucial to avoid magnetic coupling 

factor degradation [49]. To this end, it is of utmost importance to equalize the 

external diameters of the secondary coils LS1 (LS2) and the interleaved primary 

windings LP1-3 (LP2-4), by exploiting a geometrical constrains. Indeed, being such 

transformer topology rather complex, in interest of speed-up the design flow a 

novel lumped, geometrically scalable model was developed. 

 

Figure 2.6 Isolation transformer. (a) Primary windings. (b) Secondary windings. (c) 

3D-view 
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Figure 2.7 Lumped scalable model of the isolation transformer 

The primary windings P1-P3 (P2-P4) are magnetically and capacitive coupled 

to the secondary spiral S1 (S2) through the magnetic coupling factors kS and 

capacitors COXS, respectively. The model also allows for inductive, resistive, and 

capacitive contribution due the underpass connections. Finally, an RC network is 

used to model the substrate effects [52]. For small transformers the self-resonance 

frequency (SFR) is essentially due to capacitors COXP and CUP since the oxide 

layer between primary and secondary coils is very thick. Of course, at the 

increasing of the outer diameter (DOUT), primary-to-secondary winding capacitors 

COXS become more significant. The scalability of the model is crucial for its 

employments into the co-design procedure shown in Fig. 2.9. By using the 

geometrically scaled closed-form expressions [53], scalability is assured for a 

wide range of the transformer geometrical parameters. A set of integrated 

inductors was implemented and EM simulated in ADS Momentum. It was found 

that the following monomial fitting expression introduced in [54] may afford 

inductance values enough accurate in a wide range of geometrical parameters: 
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The analysis and the design of this dc-dc isolated power converter is 

mandatory to develop a system able to transfer both power and bidirectional data 

exploiting a single inductive channel in order to minimize the silicon area, reduce 

both costs and complexity, as it will be discussed in the next chapter.  
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with maximum data rate up to 40 Mbit/s and an output current higher than 10 mA 

were chosen like main system specifications to be achieved. Taking into account 

the dropout voltage of a series regulator, the output voltage of the system, VOUT, 

should be higher than 1.5 V if a supply voltage around 1.2 V is required for the 

autonomous sensor. 

3.1 System description 

The simplified block diagram of the proposed data and power transfer system 

is shown in Fig. 3.1. Differently from the state of the art, this architecture exploits 

a single isolation transformer for both high efficiency power transfer and 

bidirectional data communication. Thanks to this innovative aspect a high 

integration level can be achieved, thus reducing both cost and complexity. The 

basic idea of this system was also included in a US patent [61]. 

 

Figure 3.1 Proposed architecture for isolated data/power transfer system  

The adopted implementation of the system with a transistor-level of the 

power link is depicted in Fig. 3.2. It is made up of two dice, A and B which were 

fabricated in 0.35-µm BCD-SOI technology providing on-chip galvanic isolation. 

Die A includes a power oscillator, an isolation transformer, a LS ASK modulator, 

and a HS demodulator, whereas die B houses a full-bridge rectifier, a LS ASK 

demodulator, and a HS ASK modulator. In addition to the power link described in 
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the chap 2, this system also includes the RX/TX blocks that perform the 

half-duplex bidirectional data communication. The isolated output power is 

delivered from die A to die B across the galvanic isolation barrier thanks to a 

dedicated power link. In particular, the power oscillator performs the dc-ac power 

conversion by exploiting a current-reuse technique, thus sharing the same supply 

current in order to maximize the power efficiency at given output power level. 

The integrated transformer, TISO, is a key block of the power chain providing both 

oscillators coupling and output power combining, while the rectifier provides the 

ac-dc power conversion. For this system the supply voltage was set to 3 V to 

comply with typical micro-controller voltages, thus using a 0.35-µm/3-V devices 

for both the oscillator and the communication circuitry. Instead, for the sake of 

robustness the rectifier exploits 0.8-µm/5-V devices, since the output voltage at 

the secondary coils of the isolation transformer is higher than 4 V, as depicted by 

the simulated waveforms in Fig. 3.3. 

 

Figure 3.2 Simplified schematic of the isolated data/power transfer system 


