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Abstract-In this paper, a power receiver chain, reusing the 

power receiver coil to implement the converter is presented. This 

method reduces the size of the implant significantly and makes it 

suitable for wireless power transfer via inductive links in bio

implant applications. An active rectifier is employed to enhance 

the efficiency of the power receiver chain. In addition, four power 

switches are added to utilize the power receiver coil inductor in 

the structure of the converter. In the proposed technique, the 

power receiver chain efficiency becomes almost independent of 

the coil receiving voltage amplitude. The proposed concept is 

based on using buck-boost converter in wireless power transfer 

via inductive links. For the proposed structure, the simulation 

results are provided. With 10 MHz received signal and amplitude 

variation within 3--6 V and with the converter switching rate of 

200 kHz, the achieved maximum efficiency is 78 %. The proposed 

regulator can also deliver 10 �A to 4 rnA to its load while its 

output voltage varies from 0.6 V to 2.3 V. Simulations of the 

proposed converter are performed in Cadence-Spectre using 

TSMC 0.18 �m CMOS technology. 

Keyword: Buck-boost converters, AC to DC converters, voltage 
regulators, CMOS full-wave rectifiers, bio-implants, inductive 
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I. INTRODUCTION 

Nowadays, power transmission via inductive links for 
implantable medical devices (IMDs) becomes more important 
and pervasive. The reason is that it is an alternative for the 
battery powered cases and can decrease the total size of the 
IMD and reduce the probability of infection. A well-known 
application for IMDs is invasive wireless neural recording [1]. 

Power consumption and the chip area are two imperative 
issues that should be addressed in the design of IMDs and in 
some cases are the bottlenecks of the technology [1, 2]. Fig. 1 
shows a typical power conversion chain (PCC) that uses in 
IMDs. As it can be seen in Fig. 1, the received power is AC 
and gives a sinusoidal voltage, which should be transformed to 
DC voltage. After rectification, there should be a regulator to 
maintain the output voltage at a certain level. So this voltage 
can be employed as a supply voltage for other parts of the 
implant. For this to be realized, several solutions have been 
already reported. The traditional alternative is to employ a 
linear regulator at the rectifier output. The variation of the 
regulator input voltage level is the main problem in this 
method. This may increase the voltage drop over the regulator 
and, as a result, the efficiency of the regulator is decreased. In 
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inductive links, the regulator input voltage level can be 
significantly deviated from its specified level due to the 
variation of the received signal. Nonlinear regulators such as 
buck-boost converters can also be the solution for the 
mentioned problem. They can provide wide range of the 
output currents without the instability concerns. Furthennore, 
they can have several output voltages with different levels. 
Despite these superiorities, the frequently used large off-chip 
inductor in the conventional buck-boost converters can be 
troublesome. As a clarification, it is worth mentioning that this 
inductor is usually in the range of flH [2]. 
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Fig. 1: Power conversion structure in bio-implant systems. 
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In this paper, a new method is developed in order to take 
advantages from the buck-boost converter while the need of its 
inherent large inductor is resolved. As it is known, a large off
chip coil is usually available in the power receiving part of the 
wireless bio-implants. The proposed idea is to reuse this coil 
in a different frequency as the inherent inductor in a buck
boost converter. In other words, in the proposed regulator, the 
power receiving coil is utilized in two different power 
receiving and regulator switching frequencies. This way, the 
buck-boost inherent off-chip inductor is avoided. The 
proposed regulator not only improves the efficiency but also it 
makes the efficiency to be almost independent of the received 
power signal amplitude. Furthermore, the proposed regulator 
is capable of producing DC voltages at levels higher or lower 
than the received voltage. To increase the total efficiency of 
the PCC, an active rectifier is employed before the voltage 
converter. 

The rest of the paper is organized as follows. In Sect. 2, the 
theory and operation of the proposed converter are presented. 
Several circuit level simulation results of the proposed 
converter are provided in Sect. 3. Finally, the conclusions are 
given in Sect. 4. 
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Fig. 2: Proposed inductor-reused buck-boost converter. 

IT. PROPOSED 

OPERATION 

CONVERTER ARCHITECTURE 

A. Proposed Inductor-Reused Buck-Boost Converter 

AND 

The proposed inductor-reused buck-boost converter IS 

shown in Fig. 2. Here, the off-chip power-receiving coil is 
represented by Ls, Rs and Vs according to the simplified model 
introduced in [3]. Tn this model, Ls and Rs are self-inductance 
and series resistance of the TMD's coil and Vs is a sinusoidal 
voltage source which is induced by an outer coil. The 
frequency of Vs is considered to be ji. Ls is a large off-chip 
inductor. So it can be a proper alternative to be reused in order 
to realize a buck-boost converter. To reach this goal, the 
timing in conventional buck-boost converters from two 
phases, should be changed into three phases. In the first phase, 
the power from the coil is received and then it is stored in a 
capacitor located at the output of the rectifier. Two other 
phases are utilized in the buck-boost operation to convert the 
initial voltage of the capacitor to a desirable DC voltage level. 
This way, the coil is reused in two different timing intervals 
notated as the power receiving phase and buck-boost 
operation, respectively. The only difference of the proposed 
buck-boost operation phase with the conventional buck-boost 
converters is that unlike the DC voltage source, the initial 
voltage of the capacitor should be applied as the input of the 
proposed converter. 

In Fig. 2, qJl and qJz are connected to qJr and qJf terminals, 
respectively. Tn the next section, it will be seen that qJz will be 
the input of the control unit and the output of the control unit 
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will be connected to qJf terminal. The utilized full-wave active 
rectifier is comprised of the MI-Ms transistors [4]. According 
to qJI and qJ2, the proposed inductor-reused buck-boost 
converter has three phases of the operation. During the first 
phase, the level of qJl and qJ2 is low and thus SI-S4 switches are 
open. In this phase, the rectifier charges CU11 to its maximum 
value, which is equal to Vs amplitude. This voltage will be 
used as the initial voltage for CUll at the start of the next phase. 
The pulse repetition frequency of qJl and qJz in Fig. 2 should be 
much lower thanfi to give enough time to the capacitor to be 
charged by Vs. Tn other words, it takes several periods for Vs to 
charge CUll to its maximum value, depending on the value of 
Cun and amplitude of Vs. So the period of qJl and qJz should be 
larger than the period of Vs. Tn the second phase, only Sl,3 
switches are closed and the energy stored in CU11 is discharged 
to Ls. During the last phase, Sl,3,5,6 switches are open and S2,4 
switches are closed. Consequently, Ls delivers its energy to 
COUI in order to drive the load. 

B. Control Unit of the Proposed Converter 
The output voltage in Fig. 2 increases up to the maximum 

value that the converter produces at its output. To regulate the 
voltage at a certain level, a control unit is needed to limit the 
output voltage at the desired value. As is shown in Fig. 3(a), 
this control unit is employed in the feedback branch of the 
proposed converter. To realize Vref, a CMOS voltage reference 
generator introduced in [5] is utilized. To regulate VOll!, the 
control unit compares a fraction of that notated as y Vout with 
Vref where y is a resistive ratio of VOlll that is realized by off
chip resistors. Furthermore, these off-chip resistors can be 
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used to compensate the process variation errors of the 
reference voltage. In the comparison unit, If yVout > Vref, the 
output of the comparator is low and S2 and S4 switches are off. 
Similarly, if y Vout < Vref, the output of the comparator is high 
and in CP2, S2 and S4 switches are closed until the end of this 
phase. This way, the output is regulated. As it is shown in Fig. 
3(b), the utilized comparators are conventional cross-coupled 
positive feedback amplifier. Here, y Vout is connected to Vin
and also Vref and Vcom are connected to Vin+ and Vout+, 
respectively. 

Ill. SIMULATION RESULTS 

To evaluate the functionality of the power conversion 
chain, a design example of the proposed inductor-reused buck
boost converter and its simulation results is provided in this 
section. The simulations are performed in Cadence Spectre 
using TSMC CMOS 0.18 um technology. According to the 
experimental results, the values of Ls and Rs are considered to 
be 2 flH and 0.5 0, respectively [2]. For near-field in-body 
power transfer applications, frequencies about 10 MHz have 
minimum losses when passing through the body [6]. It is 
assumed Wo :::::; 3xa [7] so it gives Cun = 200 nF, where 
Wo = 1 / �LsCun is the resonance frequency and a= Rs/2Ls is the 

damping coefficient. 
For the circuit shown in Fig. 2, the transient simulations 

are performed. In the absence of the control unit, the simulated 
transient current of the inductor in C/Jrise and C/Jfall is shown in 
Fig. 4. From equations (8) and (9) in [7], tlise = 0.64 flS and it,r(t 
= 0.64 flS) = 330 mAo In power transfer via the inductive link, 
the received voltage amplitude rarely reaches to 10 V [8]. So, 
at the worst case, the amplitude of is,r(t) is less than 80 rnA, 
and therefore from the relation (11) in [7], the minimum value 
of iL,r(t) at the end of C/Jrise is obtained as 250 mAo The 
simulation result showing the current in c]Jrise, follows the 
equation (11) in [7] where a sinusoidal steady state current is 
summed with a transient current. 

f/J1 ,..------------, 
Converter 

Block 
In Fig. 2 

(a) 
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Fig. 3: (a) Control unit circuit of the proposed inductor-reused buck-boost 
converter and (b) Utilized comparator. 
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Transient simulations for the complete converter that is 
shown in Fig. 3(a) are performed assuming that the received 
voltage level and switching frequency are equal to 4 V and 
200 kHz, respectively. Also, the output voltage of the circuit is 
considered to be 1 V. The simulated output in different 
process and temperature corner cases are illustrated in Fig. 5. 
It can be seen that for the worst case the maximum output 
voltage error is less than 20 m V. In addition, simulation 
results show that the maximum voltage ripple is 0.5 mV at a 1 
rnA load current. 

According to the measurement results in [8], here, it is 
assumed that the voltage amplitude of the received AC signal 
across the coil varies in the range of 3�6 V. By using the 
nonlinear regulator introduced here for IMD applications, the 
variation of the efficiency is less than 8 % for this range of 
input voltage while its maximum efficiency is 78 %. 

Tt should be noted that, the utilized rectifier in the proposed 
converter is taken from [4] and its efficiency is not included in 
the calculations. This is because in this paper, only the DC to 
DC converter is studied. As in the other similar works, only 
the converter results are reported. 

The performance summary of the proposed buck-boost 
converter in comparison with several other works is given in 
Table 1. Tt should be mentioned that in the comparison table, 
the effect of the rectifier circuit is excluded in all of the 
referred works and also in our proposed converter. Although 
the proposed inductor reused buck-boost converter has the 
smallest inductor, its maximum power efficiency IS 
comparable with other works. 
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Fig. 5: Output voltage of the circuit in Fig. 3(a) in different process comer 
cases for VOUI = 1 V. 
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Table 1: Performance summary and comparison 

Parameter 
JSSC'15 TPE'13 NORCAS'15 This 

[9] [10] [ II] wor k*** 
CMOS process 0.18 urn 0.35 urn 0.18 urn 0.18 urn 

Architecture Buc k-Boost Buc k-Boost Buc k-Boost Buc k-Boost 
Input DC 

3V 2.5 V � 5  V 
0.9 V � 2.2 1.5 V � 3.5 

voltage* V V 
Output DC I V, 1.8 V, 3 

3.3 V 
0.9 V � 2.2 0.6 V � 2.3 

voltage V V V 

Output current 
1 mW � 10 

300 rnA 200 rnA 
lOuA� 4 

mW** rnA 
Inductor 10 flH 18 flH 4.7 flH 2flH 

Output capacitor 10 flF 47 flF 10 flF 10 flF 
Switching 

312.5 Hz 500 kHz 
0.7MHz� 

200 kHz 
frequency 1.3 MHz 

Maximum 
83 % 65% 75.6% 78% 

efficiency 
Line regulation - - 0.05 V/V 0.048 V/V 
Load regulation - - - 0.027 V/V 

Maximum ripple - - ±5mV ±0.5 mV 
* After rectification if required. 

** The output power is reported. 

***Simulation results. 

TV. CONCLUSIONS 

Tn this paper, realization of a power receiver chain for 
power transferring through the inductive links, especially for 
the bio-implant applications, is introduced. By reusing the 
inherent inductor of the coil, the large off-chip inductor of the 
conventional buck-boost converter is eliminated. In addition, 
by employing an active rectifier the efficiency of PCC is 
enhanced, significantly. According to the simulation results, 
the performance of this PCC is comparable with other works. 
The efficiency of the proposed PCC is almost independent of 
the received voltage amplitude. So, it can be regarded as a 
suitable alternative for PCCs with linear regulators utilized in 
power receiving inductive links. The main superiority of the 
proposed PCC is that it utilizes only four power switches and a 
low power control unit to implement the converter. This way, 
a voltage converter with a lower complexity is achieved. The 
simulation results confirm that it can be a proper choice for 
low-power bio-implant applications. 
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