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1. INTRODUCTION

Power management integrated circuits (PMICs) are currently playing a vital role in today’s
technology [1]. Over the past several years, interest has risen in areas such as artificial intelligence, the
internet of things, and electric vehicles. As a result, PMIC are an efficient approach for providing appropriate
and stable voltage in practical applications [2]. Recently, switching DC-DC converters has become increasingly
popular as an alternative to stacking batteries for boosting purposes [3]. Among these DC-DC converters, boost
converters are one type that is widely used in many applications, including green energy [4]-[6].

These DC-DC power converters typically use voltage mode control and current mode control to
regulate the output voltage [7], as shown in Figures 1(a) and (b). The compensator generates a compensation
voltage Vea by comparing the scaled output voltage of the power stage Vi, to the reference voltage Vies. This
allows the voltage mode controller to maintain a regulated power stage’s output voltage [8]. A sawtooth
signal Vramp is generated by a ramp generator circuit, which then goes into a comparator along with the
voltage Vea. This causes the comparator to generate a clock signal Vduty to turn the power transistors on and
off, which has a proper duty cycle value to compensate for the difference in voltage between the desired
voltage and the power converter’s output voltage. The current mode is distinct from the voltage mode in that
it makes use of a current-sensing loop that passes through the inductor. This feature helps the power
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converter to achieve more accurate output voltage regulation and a faster transient response. Subharmonic
oscillations may occur if the duty cycle exceeds 50% [9], [10]. In order to address this problem, a few
different circuit architectures based on transconductance compensation techniques have been proposed.
Nevertheless, adopting these approaches makes circuit design more complicated [11].
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Figure 1. Control circuits; (a) voltage mode control circuit and (b) current mode control circuit

The performance of a PMIC will change depending on the environment and how it is being used,
this will occur regardless of the control system that is being used. The load change on the PMICs will cause
the circuit's output voltage to create a transient voltage during a transient time, which is the amount of time
required for the output voltage to settle inside the settling band. Figure 2 shows an illustration of transient
waveforms. When the load current changes from heavy to light, the output voltage drops by dV1, this
transient voltage is referred to as the undershoot. Conversely, when the load current goes from light to heavy,
the system output voltage increases by dV2. The term overshoot is used to describe this momentary increase
in voltage. dT1 and dT2 denote transient times [12]. Overshoot voltage can lead the circuit to produce a high
current, thus burning the chip, while undershoot voltage might result in significant loss of power. Therefore,
the transient voltage should not be too low or too high in contrast to the voltage range of the circuit's power
supply because doing so would affect the converter's performance. As a result, transient time and transient
voltage are important markers of PMICs [13]-[15].

The present research proposes a boost power converter with a pseudo-current hysteresis controller
(PCHC) that uses a rail-to-rail current-detecting technique. This converter can be used for applications
requiring voltage stepping-up. Because it can rapidly turn on or off the power switches of the power
converter using a hysteresis trigger whenever there is a change in the load, hysteresis-controlled technology
has the potential to produce a rapid transient response [16], [17]. The organization of the paper is described
as: section 2 describes how the proposed architecture would be implemented in circuits, the measurement
results are presented in section 3, along with a table comparing the obtained results with previous works, and
section 4 gives the conclusions.
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Figure 2. Transient waveforms

2. METHOD

The proposed boost converter, besides the PCHC are illustrated in Figure 3. It is made up of two
switching devices in the power stage, as well as a current sensing circuit, a hysteresis voltage controller, a
non-overlapping clocks generator circuit, and driving circuits [18], [19]. To create the feedback voltage Vi,
the resistors R and Riye scale the output voltage, which is denoted by V,, to the reference voltage, which is
denoted by Vs [20]. The feedback voltage is expressed as (1):
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Figure 3. Proposed PCHC boost converter

The compensation voltage denoted by Vea is generated by the compensator, which compares the
reference voltage and the feedback voltage. Next, a bias voltage biases the hysteresis voltage-controlled
circuit to match the compensation voltage. This is done in addition to controlling the current that flows
through the transistor in order to produce the upper and lower limit voltages, denoted by Vgn and Ve,
respectively.

The current | integration with the capacitor C. forms the sawtooth signal Ving. This ensures that the
slope of the sawtooth signal is the same as the inductor current’s slope. After that comes the determination of
the appropriate duty cycle, which is accomplished by comparing Vin to the limit voltages. Finally, the
non-overlapping clocks generator circuit gets the duty cycle signal Vawy through a driver to interleave the
Vauty and separate the two power switches’ on-time. Then, the non-overlapping clocks generator circuit
controls the power switches through the drivers.

The conventional architecture calls for an additional inductor's current sensing, then the addition of a
current-to-voltage converter. The control circuit of the proposed circuit structure sends to the hysteresis-controlled
circuit via a capacitor, a voltage signal that is analogous to the inductor current. A current sensor circuit built with a
rail-to-rail operational transconductance amplifier (OTA) directly senses the inductor current. This approach has no
disadvantages over traditional architecture. Therefore, this sensing method refers to the PCHC method.
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2.1. Compensator circuit

A folded-cascode operational amplifier is integrated with other components, including resistors and
capacitors, to form the type Il compensator circuit, as shown in Figure 4(a). The compensator circuit is
connected to the output voltage feedback path so that the system can be stabilized. In Figure 4(b), the bode
plots of the compensation components are illustrated. The high-gain folded-cascode amplifier, which also
contributes to the system's stability, improves the closed-loop gain, phase margin, and stability. Two poles
and one zero are provided by the type Il compensator. The related equations are written as (2) and (3):
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Figure 4. Type Il compensator: (a) circuit and (b) bode plots

2.2. The rail-to-rail current sensing circuit

The rail-to-rail current sensor’s key role is to detect the inductor current and send to the control
circuitry a voltage signal. As shown in Figure 5(a), this circuit consists of a large input range rail-to-rail
OTA, to convert the sensed inductor current to a voltage by a capacitor denoted by C.. The rail-to-rail
amplifier is connected in parallel to the power stage's inductor, specifically between Vi and Vy [21], [22]. The
current I is generated using the transconductance amplifier’s voltage-to-current characteristic. Then, the
current I¢ is integrated to the capacitor C. and generates the voltage signal Ving with a slope similar to that of
the inductor current. Figure 5(b) presents the waveforms of the current sensing circuit. The voltage Ving is
transmitted to the next level's control circuit. By using this architecture, the presented converter's stability and
transient response under varying load conditions can be accelerated. Current I and voltage Ving can be
expressed using (4) and (5):
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Figure 5. Rail-to-rail current sensing: (a) circuit and (b) waveforms

2.3. Rail-to-rail operational transconductance amplifier

Rail-to-rail OTA is shown in Figure 6. This circuit improves the input voltage range so that it may
replace the current sensing circuit. This would do away with the requirement for additional external resistors
to sense the inductor current. An N-type and a P-type OTA form the rail-to-rail OTA. The following
describes the circuit's internal structure. Through the current mirrors Mp; and Mys, the bias current Ig is
supplied to the two OTAs, which is controlled by the bias voltage Vg through Me; and Mg. M1, M2, Mpg,
and Mpyg transistors have differential input stages. The current on each side of the transistors will be half of
Imns and lvez due to the designed size symmetry. The N-type OTA combines two current mirrors made up of
Mp2, Mp3, Mpa, and Mps to control the output current. The P-type OTA part, like the N-type OTA, regulates
the output current with a current mirror built of Mys, Mnz, Mng, and Mng. In (6)-(8) can be used to express
the circuit's gain. Although this rail-to-rail OTA has less gain compared to a folded-cascode operational
amplifier, it has a large bandwidth and consumes less power.
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Figure 6. Rail-to-rail OTA circuit
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2.4. Hysteresis-controlled circuit

The hysteresis controller architecture is illustrated in Figure 7(a). This circuit controls the current
flowing through its transistors through a bias voltage Vyiass and matches the compensator's output voltage Ve..
Resistors Rgn and RgL can then form upper and lower limit voltages Ven and Vg, respectively. Then, the
limit voltages Vsn and VgL are compared to the voltage signal Ving using a hysteresis comparator. The
voltage signal Ving is produced by converting the inductor current signal to a voltage signal via a rail-to-rail
current sensor. The SR flip-flop gets the comparison signal, which controls the duty cycle. Figure 7(b)
illustrates the hysteresis-voltage-controlled circuit's transient waveforms. The hysteresis comparator is
represented in Figure 8, which is employed in the hysteresis controller circuit. In (9) and (10) express the
associated equations.
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Figure 8. Hysteresis comparator circuit

2.5. Non-overlapping clocks generator circuit

The non-overlapping clocks generator circuit is presented in Figure 9(a). The power transistors of
the boost converter, carry a high current. Still, when the P-channel and N-channel power switches are
switched on together, they could potentially burn out as the voltage source is short-circuited to the ground
[23]. To separate the two power switches' on-times and interleave the Vauy produced through the hysteresis
controller, the non-overlapping clocks generator circuit is employed. The dead time is adjusted using the
delay circuit. It is vital to notice that the dead time should be suitable [24]. The circuit's efficiency may
decrease if the dead time is either too short or too long. Finally, the driving circuit produces Vps and Vs,
which are then delivered to the power switches to obtain the boost effect. Figure 9(b) represents the dead
time timing diagram.
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Figure 9. Non-overlapping clocks generator: (a) circuit and (b) transient waveforms

2.6. Driver circuit

The switching transistors in the boost converter must handle high currents while also having a low
on-resistance. As a result, the size of the switch transistors in the design will be rather large, which leads to a
large capacitance at the gate. Therefore, to drive the power switches, a drive circuit made of several inverters
is employed [25], as shown in Figure 10.

Ist inverrer,
Vin O—DO-DO— —— Vout
ntl inverter

Cout

T

Figure 10. Driver circuit

3. RESULTS AND DISCUSSION

In order to design the proposed boost power converter using PCHC techniques, Taiwan semiconductor
manufacturing company (TSMC) 0.18 um CMOS 1P6M technology was used. The design contains power
transistors, a hysteresis-voltage controller, a current detector, a compensation circuit, a non-overlapping clocks
generator, and a driving circuit. The transient responses of the power converter's output voltage with load
currents of 10 mA, 50 mA, and 100 mA, are presented in Figures 11(a)-(c), respectively. An output voltage
of around 1.8 V is generated from an input voltage that ranges from 0.5V to 1 V.
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The ripple voltage vripple on the power converter's output voltage remains under 14 mV across all
load currents. Figures 12(a) and (b) illustrate the transient responses while the Vi is 0.5 V and the V, is 1.8 V,
with load current increasing from 10 mA to 100 mA and decreasing from 100 mA to 10 mA, respectively.
The output voltage recovers and remains within the settling band in 15.4 ps after a load current step change
from 10 mA to 100 mA, with a 50.95 mV undershoot. Conversely, for a load current step change from 100 mA
to 10 mA, the output voltage settles within its settling band in 11.8 us, with an overshoot of 50.88 mV.
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Figure 12. Measured output voltage with load current change: (a) 10 mA to 100 mA and (b) 100 mA to 10 mA

Figure 13 represents the measured load regulation, whose load regulation rate is approximately
6.08%/A, the output error voltage is around 9 mV since the load current varies between 10 mA and 100 mA
and the output voltage is 1.8 V. Figure 14 represents the obtained power efficiency at various load currents.
At 1.8 V output voltage and 10 mA load current, the peak power efficiency is 98.6%. Table 1 summarizes the
experimental results of the presented boost power converter with PCHC and compares them to previous
works. The proposed boost power converter outperforms other boost power converters, according to the
figure of merit (FOM) as expressed in (11):

FOM = Peak Ef ficiency (%)xStep Load Change (mA) 10_2 (11)

Maximum Transient Voltage(mV)x Maximum Transient Response (us)
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Table 1. The performance comparison of the presented boost power converter with previous works
References [26] [27] [28] This work
Process 0.18 um CMOS 0.18 um CMOS 0.18 um BCD 0.18 um CMOS
Control technique KY AOT DPU PCHC
Input voltage range 155-1.8V 0.8-1.4V 2-42V 05-1V
Output voltage 25V 1.8V 35V 18V
Load current range 50-200 mA 10-400 mA 10-200 mA 10-100 mA
Step load change 150 mA 390 mA 400 mA 90 mA
Switching frequency 1 MHz 800 KHz 1 MHz 550 KHz
Inductor 22 pH 2.2 uH 4.7 uH 1pH
Capacitor 4.7 uF 4.7 uF 10 pF 10 pF
Maximum output ripple voltage 10 mvV 42,5 mV 15 mv 13.83 mV
Transient response Light to heavy 24 us 14 ps 50 us 15.4 ps
Transient response Heavy to light 48 us 46 us 50 us 11.8 us
Transient voltage Undershoot 90 mV 126 mV 190 mV 51 mV
Transient voltage Overshoot 105 mV 150 mV 130 mV 51 mV
Peak efficiency 95.7% 92.4% 95.2% 98.6%
FOM 0.02 0.05 0.04 0.11
4.,  CONCLUSION

An improved boost power converter that has a low transient voltage and a fast transient time has
been designed with the use of PCHC techniques in this work. The TSMC 0.18 um CMQOS 1P6M technology
was used to design the presented boost power converter. The transient response is significantly improved by
further utilizing a PCHC circuit in addition to a rail-to-rail current-detecting circuit. As the load current
increases from 10 mA to 100 mA and then back down to 10 mA, the measured transient times are 15.4 s
and 11.8 ps, respectively, and the transient voltages are both 51 mV. The presented boost converter achieves
a maximum power efficiency of 98.6% when the load current is set at 10 mA. Overall, the experimental
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results, demonstrate that the proposed DC-DC boost converter is effective in achieving the desired output
voltage regulation for a range of load currents, with satisfactory efficiency and fast response to changes in
load current.

ACKNOWLEDGEMENTS
This work was supported by the National Center for Scientific and Technical Research (CNRST
Morocco) under the PPR2 program.

REFERENCES

[1] K. Salim et al., “Low-Stress and Optimum Design of Boost Converter for Renewable Energy Systems,” Micromachines, vol. 13,
no. 7, pp. 1-22, 2022, doi: 10.3390/mi13071085.

[2]  G. L Vacheva and N. L. Hinov, “Current and Voltage Mode Control of DC-DC Converter in PSIM Environment,” in 2020 XXIX
International Scientific Conference Electronics (ET), 2020, pp. 1-4, doi: 10.1109/ET50336.2020.9238335.

[3] Z.Wang etal., “A 3.3-MHz fast-response load-dependent-on/off-time buck-boost DC-DC converter with low-noise hybrid full-
wave current sensor,” Microelectronics Journal, vol. 74, pp. 1-12, 2018, doi: 10.1016/j.mejo.2018.01.010.

[4] W.Liand X. He, “Review of Nonisolated High-Step-Up DC/DC Converters in Photovoltaic Grid-Connected Applications,” IEEE
Transactions on Industrial Electronics, vol. 58, no. 4, pp. 1239-1250, 2011, doi: 10.1109/T1E.2010.2049715.

[5] G. Wu, X. Ruan, and Z. Ye, “Nonisolated High Step-Up DC-DC Converters Adopting Switched-Capacitor Cell,” IEEE
Transactions on Industrial Electronics, vol. 62, no. 1, pp. 383-393, 2015, doi: 10.1109/T1E.2014.2327000.

[6] R. R. Ahrabi, H. Ardi, M. Elmi, and A. Ajami, “A Novel Step-Up Multiinput DC-DC Converter for Hybrid Electric Vehicles
Application,” IEEE Transactions on Power Electronics, vol. 32, no. 5, pp. 3549-3561, 2017, doi: 10.1109/TPEL.2016.2585044.

[71 W. -W. Chen and J. -F. Chen, “Review of the PWM Control Circuits for Power Converters,” in Control Techniques for Power
Converters with Integrated Circuit, Singapore: Springer, 2018, pp. 37-79, doi: 10.1007/978-981-10-7004-4_2.

[8] J. Huang, “A New Method of Generate the PWM Wave Using Analog Circuits,” in Proceedings of the 2016 International
Conference on Sensor Network and Computer Engineering, 2016, pp. 119-122, doi: 10.2991/icsnce-16.2016.23.

[91 Z. Xiao et al., “An automatic slope compensation adjustment technique for peak-current mode DC-DC converters,” AEU -
International Journal of Electronics and Communications, vol. 110, pp. 1-9, 2019, doi: 10.1016/j.aeue.2019.152860.

[10] J.-J. Chen, Y. -S. Hwang, J. -Y. Lin, and Y. Ku, “A Dead-Beat-Controlled Fast-Transient-Response Buck Converter With Active
Pseudo-Current-Sensing Techniques,” IEEE Transactions on Very Large Scale Integration (VLSI) Systems, vol. 27, no. 8, pp.
1751-1759, 2019, doi: 10.1109/TVLSI.2019.2908875.

[11] T. Qian, “Subharmonic Analysis for Buck Converters With Constant On-Time Control and Ramp Compensation,” |IEEE
Transactions on Industrial Electronics, vol. 60, no. 5, pp. 1780-1786, 2013, doi: 10.1109/T1E.2012.2190375.

[12] 1. J. Chen, Y. S. Hwang, S. H. Ho, C. H. Lai, and Y. Ku, “An Improved Low-EMI Fast-Transient-Response Buck Converter
Suitable for Wireless Sensor Networks With New Transient Accelerated Techniques,” IEEE Sensors Journal, vol. 22, no. 8, pp.
8234-8244, 2022, doi: 10.1109/JSEN.2022.3158738.

[13] X. Jing and P. K. T. Mok, “A Fast Fixed-Frequency Adaptive-On-Time Boost Converter With Light Load Efficiency
Enhancement and Predictable Noise Spectrum,” IEEE Journal of Solid-State Circuits, vol. 48, no. 10, pp. 2442-2456, 2013, doi:
10.1109/JSSC.2013.2269852.

[14] C. Tao and A. A. Fayed, “A Low-Noise PFM-Controlled Buck Converter for Low-Power Applications,” IEEE Transactions on
Circuits and Systems I: Regular Papers, vol. 59, no. 12, pp. 3071-3080, 2012, doi: 10.1109/TCSI.2012.2206464.

[15] W.-W. Chen, J. -F. Chen, T. -J. Liang, J. -R. Huang, L. -C. Wei, and W. -Y. Ting, “Implementing dynamic quick response with
high-frequency feedback control of the deformable constant on-time control for Buck converter on-chip,” IET Power Electronics,
vol. 6, no. 2, pp. 383-391, 2013, doi: 10.1049/iet-pel.2012.0522.

[16] M. Nashed and A. A. Fayed, “Current-Mode Hysteretic Buck Converter With Spur-Free Control for Variable Switching Noise
Mitigation,” IEEE Transactions on Power Electronics, vol. 33, no. 1, pp. 650-664, 2018, doi: 10.1109/TPEL.2017.2661984.

[17] S.-H. Lee et al., “12.1 A 0.518mm?2 quasi-current-mode hysteretic buck DC-DC converter with 3us load transient response in
0.35um BCDMOS,” in 2015 IEEE International Solid-State Circuits Conference - (ISSCC) Digest of Technical Papers, 2015,
vol. 58, pp. 1-3, doi: 10.1109/1ISSCC.2015.7063002.

[18] D.-H.Jung, K. Kim, S. Joo, and S. -O. Jung, “0.293-mm2 Fast Transient Response Hysteretic Quasi- V2 DC-DC Converter With
Area-Efficient Time-Domain-Based Controller in 0.35-p m CMOS,” IEEE Journal of Solid-State Circuits, vol. 53, no. 6, pp.
1844-1855, 2018, doi: 10.1109/JSSC.2018.2805884.

[19] J. -J. Chen, M. -X. Lu, T. -H. Wu, and Y. -S. Hwang, “Sub-1-V Fast-Response Hysteresis-Controlled CMOS Buck Converter
Using Adaptive Ramp Techniques,” IEEE Transactions on Very Large Scale Integration (VLSI) Systems, vol. 21, no. 9, pp. 1608—
1618, 2013, doi: 10.1109/TVLSI.2012.2218263.

[20] A. Boutaghlaline, K. E. Khadiri, H. Qjidaa, and A. Tahiri, “Design of a Non-inverting Buck-Boost Converter Controlled by
Voltage-Mode PWM in TSMC 180 nm CMOS Technology,” in Digital Technologies and Applications, Cham: Springer, 2021,
pp. 1619-1629, doi: 10.1007/978-3-030-73882-2_147/COVER.

[21] V. Stornelli, G. Ferri, and A. D. Marcellis, “A fully-differential Symmetrical OTA-based rail-to-rail Switched Buffer,” in 2007
Ph.D Research in Microelectronics and Electronics Conference, 2007, pp. 85-88, doi: 10.1109/RME.2007.4401817.

[22] G. Ferri, V. Stornelli, A. D. Marcellis, and A. Celeste, “A rail-to-rail DC-enhanced adaptive biased fully differential OTA,” in
2007 18th European Conference on Circuit Theory and Design, 2007, pp. 527-530, doi: 10.1109/ECCTD.2007.4529649.

[23] J. A. Hora, A. C. Arellano, X. Zhu, and E. Dutkiewicz, “Design of Buck Converter with Dead-time Control and Automatic
Power-Down System for WSN Application,” in 2019 IEEE Wireless Power Transfer Conference (WPTC), 2019, pp. 582-586,
doi: 10.1109/WPTC45513.2019.9055685.

[24] W. Qiu, S. Mercer, Z. Liang, and G. Miller, “Driver Deadtime Control and Its Impact on System Stability of Synchronous Buck Voltage
Regulator,” IEEE Transactions on Power Electronics, vol. 23, no. 1, pp. 163-171, 2008, doi: 10.1109/TPEL.2007.911784.

[25] J. J. Chen, Y. S. Hwang, C. S. Jheng, Y. T. Ku, and C. C. Yu, “A Low-Electromagnetic-Interference Buck Converter with
Continuous-Time Delta-Sigma-Modulation and Burst-Mode Techniques,” IEEE Transactions on Industrial Electronics, vol. 65,
no. 9, pp. 6860-6869, 2018, doi: 10.1109/TIE.2018.2793235.

Bulletin of Electr Eng & Inf, Vol. 12, No. 6, December 2023: 3416-3427



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 3427

[26] Y. Zhang et al., “Analysis and Implementation of a High-Performance-Integrated KY Converter,” IEEE Transactions on Power
Electronics, vol. 32, no. 12, pp. 9051-9064, 2017, doi: 10.1109/TPEL.2017.2656466.

[27] C. -H. Huang, H. -H. Wu, and C. -L. Wei, “Compensator-Free Mixed-Ripple Adaptive On-Time Controlled Boost Converter,”
IEEE Journal of Solid-State Circuits, vol. 53, no. 2, pp. 596-604, 2018, doi: 10.1109/JSSC.2017.2756871.

[28] S. -U. Shin, S. -W. Hong, H. -M. Lee, and G. -H. Cho, “High-Efficiency Hybrid Dual-Path Step-Up DC-DC Converter With
Continuous Output-Current Delivery for Low Output Voltage Ripple,” IEEE Transactions on Power Electronics, vol. 35, no. 6,
pp. 6025-6038, 2020, doi: 10.1109/TPEL.2019.2954109.

BIOGRAPHIES OF AUTHORS

Anas Boutaghlaline (g 2 received a master's degree in Microelectronics from the
Faculty of Sciences, Sidi Mohamed Ben Abdellah University, Fez, Morocco in 2019. He is
currently a Ph.D. student at the Laboratory of Computer Science and Interdisciplinary Physics,
Department of Physics, Normal Superior School (ENS), Sidi Mohamed Ben Abdellah
University, Fez, Morocco. His research interests include PMICs, DC-DC power converters,
renewable energy, and battery chargers. He «can be contacted at email:
anas.boutaghlaline@usmba.ac.ma.

Karim EI Khadiri © E:d B8 2 was born in Fez, Morocco in 1978. He received M.S. and
Ph.D. degrees in Faculty of Sciences from Sidi Mohammed Ben Abdellah University in 2011
and 2017, respectively. Since 2012, he served as a research scientist at Faculty of Science in
the University of Sidi Mohammed Ben Abdellah, Fez, Morocco and guest researcher at LIMA
Laboratory in UQO Canada. His current interests include switch mode audio amplifier, CMOS
mixed-mode integrated circuit design, design techniques for RFID, RF front-ends for passive
tags, li-ion battery charger, and power management. He can be contacted at email:
karim.elkhadiri@usmba.ac.ma.

Ahmed Tahiri ©© B B8 © received the graduate degree DES in Department of Physics, Sidi
Mohammed Ben Abdellah University, Morocco in 1997, received the Ph.D. degree in
physicsfrom the University Sidi Mohamed Ben Abdellah, Faculty of Science, Morocco in
2005. He completed his doctoral studies in didactics of science in the University of
Sherbrooke in Canada in 2010. He is now a professor in Superior Normal School, ENS-FEZ,
Morocco. His research interests include Li-lon battery charger interface (BCI) and BMS,
RFID passive andactive tags, CMOS mixed mode integrated circuit design. He can be
contacted at email: ahmed.tahiri@usmba.ac.ma.

) - /4

An improved transient performance boost converter using pseudo-current ... (Anas Boutaghlaline)


https://orcid.org/0000-0001-6224-595X
https://scholar.google.com/citations?user=Kia3XCYAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57226357255
https://www.webofscience.com/wos/author/record/ISB-8371-2023
https://orcid.org/0000-0003-0300-4480
https://scholar.google.com/citations?hl=fr&user=UEkmCtIAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55496888900
https://www.webofscience.com/wos/author/record/375125
https://orcid.org/0000-0003-3483-0726
https://www.scopus.com/authid/detail.uri?authorId=57194179293
https://www.webofscience.com/wos/author/record/2250802

