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Abstract—Single-phase-input variable-speed drives (VSDs) for
three-phase motors typically employ bulky dc-link capacitors for
buffering the inherent power pulsation at twice the mains fre-
quency. Alternatively, the power pulsation can be accommodated
in the drivetrain’s moment of inertia, a concept known as motor
power pulsation buffer (MPPB). This paper briefly describes how
a state-of-the-art control implementation for single-to-three-phase
voltage-source converters (VSCs) with MPPB functionality can be
adapted to monolithic-bidirectional-GaN-transistor-based current-
source converters (CSCs) which provide motor-friendly sinusoidal
output voltages and feature the same transistor count.

Keywords—Motor power pulsation buffer, variable speed drive,
current-source inverter.

I. Introduction

Variable-speed drives (VSDs) generally improve the system-
level efficiency in high-volume industry applications of three-
phase motors, including pumps, blowers, and compressors. If
only a single-phase mains is available, like in rural environ-
ments or aboard trains, single-to-three-phase VSDs are required,
which have been subject of extensive research, e.g., [1]–[6].
The power drawn from a single-phase grid inherently shows
a twice-mains-frequency pulsation between zero and twice
the average power, whereas the power output to a three-phase
motor is constant. Therefore, the instantaneous power difference
must be buffered, typically using a relatively large electrolytic
dc-link capacitor between a mains-side single-phase power-
factor-correction (PFC) rectifier and the three-phase motor
inverter. However, targeting, e.g., compact systems for motor-
integrated drives or high-temperature environments, electrolytic
capacitors should be avoided [6].

The motor’s (the drivetrain’s) rotating mass with its moment
of inertia is a mechanical energy storage (like a flywheel) that
advantageously could be utilized as a power pulsation buffer
by allowing a (minor) variation of the motor speed around a
reference value (applications like pumps or compressors are
insensitive to such minor speed fluctuations). Thus, there is no
need for an electric energy storage and the dc-link capacitor
can be made very small, i.e., designed for high-frequency (HF)
ripple filtering only. Such motor power pulsation buffer (MPPB)
concepts have been proposed earlier, e.g., in [7] with only a
diode rectifier on the mains side and hence limited motor
voltages if PFC functionality should be achieved, or in [8]
using a single-to-three-phase matrix converter. Recently, [6]
has comprehensively analyzed the MPPB concept for a motor-
integrated two-stage VSD consisting of a single-phase PFC

idc

vL

Ldc

iMa

iG

pG

pL
pM

idc

idc

idc

2Δidc

2Δω

P0

2P0

vG

vLv̂L

TG

0
t TG

t TG

t

TG

t

TG

t

iMb

iMc

ig

vg
Cg

CM
JM

tM TL

M

Scroll
Compr.

PMSM

E
M

I 
F. ω

ω

ω
0

Convent. →

Proposed →

(a)

vL = 0 V

P0

−P0

2P0

0

P0

−P0

2P0

0

P0

−P0

2P0

0
TL

2TL

0

TL

2TL

0

P0

−P0

2P0

0

pM

tM

tM

TG

t

TG

t TG

t

TG

t

(b) (c) (d)

(e.i) (e.ii) (e.iii)

pL = 0 W

SaP

SaN

S1P

S1N

S2P

S2N

SbP

SbN

ScP

ScN

S1

G1

G2

S2

S1

G1

G2
S2

=̂

Shared Drift Region

p-GaN

AlGaN

GaN

Buffer Layer
Substrate

S1 G1 S2G2

vs1s2 > 0

vs1s2 < 0

Shared Drift Region

AlGaN

GaN

Buffer Layer
Substrate

S1G1

G1intS1int

S2 G2

vs1s2 > 0

vs1s2 < 0

G2int S2int

Fig. 1. Single-to-three-phase current-source-converter (CSC) motor drive. (a)
Power circuit and conceptual key waveforms for the conventional operating
mode (top row) and the proposed motor power pulsation buffer (bottom
row), i.e., (b) grid voltage, current and power; (c) dc-link current and power
processed by the dc-link inductor; (d) motor speed, torque, and power. (e.i)
Monolithic bidirectional GaN transistor and its functional equivalent circuit;
realizations as (e.ii) normally-off gate-injection transistor (GIT) [14], [17] and
(e.iii) cascode configuration of a normally-on GaN transistor with low-voltage
silicon MOSFETs (or GaN HEMTs) [15], [18], [19].

rectifier, a small dc-link capacitor, and a three-phase inverter,
i.e., for a voltage-source converter (VSC) system.

In this brief paper, we translate the control concept from
[6] to a single-to-three-phase current-source-converter (CSC)
drive as shown in Fig. 1a-d. Over the past decades, the interest
in CSCs has steadily increased [9]–[13], first because wide-
bandgap (WBG) devices allow high switching frequencies and
hence small dc-link inductors, and more recently due to the
availability of monolithic bidirectional GaN transistors [13]–
[16]. These provide bipolar voltage blocking with a single
drift region and thus only a slightly larger chip area compared
to a standard transistor with unipolar blocking capability, see
Fig. 1e.

Advantageously, a CSC features continuous motor voltages,
which prevent HF motor losses, bearing currents, radiated EMI
issues, and reflections on long motor cables and thus increased
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Fig. 2. High-level control diagram implementing the MPPB functionality for
the CSC drive from Fig. 1a.

motor isolation stress [20]; with MBDSs, the transistor count
does further not increase compared to the VSC topology from
[6]. On the other hand, the dc-link inductor’s low energy
density (compared to electrolytic capacitors) would not allow
buffering of the single-phase power pulsation (even though
shown conceptually in the top row of Fig. 1b-d for illustrative
purposes) with practically feasible dc-link inductors, i.e., an
MPPB concept (see bottom row in Fig. 1b-d) is mandatory.

II. Motor Power Pulsation Buffer Control
Fig. 2 shows a high-level control diagram that implements

the MPPB concept for the topology from Fig 1a; note the close
relationship to the version for the VSC system from [6]. Here,
we focus on the key aspects, which are further illustrated by
the simulation results shown in Fig. 3. As the MPPB concept
results in a variation of the motor speed 𝜔 around its average
value �̄�, the speed controller must only act on that average
value, which can be obtained using a moving average filter
(MAF). From the average speed, the average power reference
𝑃∗

M and hence the grid current reference 𝑖∗G follow. The grid-
side single-phase current-source rectifier pulse-width-modulates
the constant dc-link current 𝑖dc such that, after (EMI) filtering,
a sinusoidal grid current 𝑖G in phase with the grid voltage
results (PFC operation). Buffering the power pulsation in the
motor implies that the dc-link current should be free of any
low-frequency variation, i.e., 𝐼∗dc = 𝑐𝑜𝑛𝑠𝑡., and it must be
selected at least as high as the maximum amplitudes of the
grid and motor currents. Together with the instantaneous grid
input power 𝑝∗G, a time-varying motor power reference 𝑝∗M
and hence an also time-varying q-current reference 𝑖∗Mq result,
which translates to motor phase current references 𝑖∗Ma, 𝑖∗Mb,
𝑖∗Mc with an envelope at twice the mains frequency. Note that
thus the generated torque varies between zero and twice the
load torque 𝑇L. Accordingly, the motor speed shows a variation
which can be estimated as

Δ𝜔 ≈ 𝑃0
2𝜋 · 2 𝑓G

· 1
�̄�𝐽M

(1)

(≈ 13 rad/s for the case considered in Fig. 3; see caption for
symbol definitions). Note that an unrealistically large dc-link
inductance of 𝐿dc = 𝑃0/(4𝜋 𝑓G𝐼dcΔ𝑖dc) ≈ 700 mH would be
needed if the mains power pulsation was to be buffered there,
whereas 𝐿dc = 1 mH easily suffices with the described MPPB
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Fig. 3. Circuit simulation (PLECS) results at the nominal operating point of the
topology from Fig. 1a (nominal power 𝑃0 = 2.5 kW, grid voltage 𝑉G = 230 V
rms, grid frequency 𝑓G = 50 Hz, dc-link inductance 𝐿dc = 1 mH, motor-side
filter capacitors 𝐶M = 10µF) including the mechanical model of a PMSM
(mechanical speed 𝜔M = 300 rad/s, pole pair count 𝑝 = 4, permanent magnet
flux Ψ = 0.1 Vs, d-/q-axis inductances 𝐿d = 𝐿q = 2 mH, stator resistance
𝑅s = 1Ω, moment of inertia (motor and load) 𝐽M = 0.001 kg m2, load with
quadratic speed-torque characteristic and nominal torque 𝑇L,N = 8.3 Nm).

approach. Note further that MPPB operation increases the motor
winding losses by about 50% due to higher rms currents [6].
Advantageously, in contrast to VSC systems, the conduction
losses of the CSC’s transistors do only increase if the motor
voltage is low (𝑉M < 2/3 · 𝑉G, both phase-to-neutral rms) and
hence the motor-side peak currents define the required dc-link
current level.

III. Conclusion
The inherent twice-mains-frequency input power pulsation

of single-to-three-phase VSDs can be buffered utilizing the
drivetrain’s moment of inertia. Here, we translate the mo-
tor power pulsation buffer (MPPB) concept known for an
electrolytic-capacitor-less voltage-source converter (VSC) [6]
to a current-source converter (CSC) that inherently features
sinusoidal motor voltages; novel monolithic bidirectional GaN
transistors facilitate the realization of such CSCs with the
same transistor count and similar total chip area as for VSCs.
Future research should address a comparative evaluation of the
CSC against the VSC concept regarding losses, size, cost, and
possibly a full life-cycle analysis (LCA) [21].



References
[1] P. Enjeti and A. Rahman, “A new single-phase to three-phase converter

with active input current shaping for low cost AC motor drives,” IEEE
Trans. Ind. Appl., vol. 29, no. 4, pp. 806–813, Jul. 1993.

[2] I. Cadirci, S. Varma, M. Ermis, and T. Gulsoy, “A 20 kW, 20 kHz unity
power factor boost converter for three-phase motor drive applications
from an unregulated single-phase supply,” IEEE Trans. Energy Convers.,
vol. 14, no. 3, pp. 471–478, Sep. 1999.

[3] J. Itoh and K. Fujita, “Novel unity power factor circuits using zero-vector
control for single-phase input systems,” IEEE Trans. Power Electron.,
vol. 15, no. 1, pp. 36–43, Jan. 2000.

[4] D.-C. Lee and Y.-S. Kim, “Control of single-phase-to-three-phase
AC/DC/AC PWM converters for induction motor drives,” IEEE Trans.
Ind. Electron., vol. 54, no. 2, pp. 797–804, Apr. 2007.

[5] C. B. Jacobina, E. C. dos Santos Jr., N. Rocha, and E. L. L. Fabrı́cio,
“Single-phase to three-phase drive system using two parallel single-phase
rectifiers,” IEEE Trans. Power Electron., vol. 25, no. 5, pp. 1285–1295,
May 2010.

[6] M. Haider, D. Bortis, G. Zulauf, J. W. Kolar, and Y. Ono, “Novel
motor-kinetic-energy-based power pulsation buffer concept for single-
phase-input electrolytic-capacitor-less motor-integrated inverter system,”
Electronics, vol. 11, no. 2, p. 280, Jan. 2022.

[7] H. Haga, T. Yokoyama, J. Shibata, and K. Ohishi, “High power factor
control for single-phase to three-phase power converter without reactor
and electrolytic capacitor,” in Proc. 34th Annu. Conf. IEEE Ind. Electron.
Soc. (IECON), Orlando, FL, USA, Nov. 2008, pp. 766–771.

[8] H. Takahashi, R. Hisamichi, and H. Haga, “High power factor control
for current-source type single-phase to three-phase matrix converter,” in
Proc. IEEE Energy Convers. Congr. Expo. (ECCE USA), San Jose, CA,
USA, Sep. 2009, pp. 3071–3076.

[9] T. Friedli, S. D. Round, D. Hassler, and J. W. Kolar, “Design and
performance of a 200-kHz All-SiC JFET current DC-link back-to-back
converter,” IEEE Trans. Ind. Appl., vol. 45, no. 5, pp. 1868–1878, Sep.
2009.

[10] T. M. Jahns and B. Sarlioglu, “The incredible shrinking motor drive:
Accelerating the transition to integrated motor drives,” IEEE Power
Electron Mag., vol. 7, no. 3, pp. 18–27, Sep. 2020.

[11] R. Amorim Torres, H. Dai, W. Lee, B. Sarlioglu, and T. Jahns, “Current-
source inverter integrated motor drives using dual-gate four-quadrant

wide-bandgap power switches,” IEEE Trans. Ind. Appl., vol. 57, no. 5,
pp. 5183–5198, Sep. 2021.

[12] D. Zhang, D. Cao, J. Huber, and J. W. Kolar, “Three-phase synergetically
controlled current DC-link AC/DC buck-boost converter with two
independently regulated DC outputs,” IEEE Trans. Power Electron.,
vol. 38, no. 4, pp. 4195–4202, Apr. 2023.

[13] N. Nain, J. Huber, and J. W. Kolar, “Comparative evaluation of
three-phase AC-AC voltage/current-source converter systems employing
latest GaN power transistor technology,” in Int. Power Electron. Conf.
(IPEC/ECCE Asia), Himeji, Japan, May 2022, pp. 1726–1733.

[14] T. Morita, M. Yanagihara, H. Ishida, M. Hikita, K. Kaibara, H. Matsuo,
Y. Uemoto, T. Ueda, T. Tanaka, and D. Ueda, “650 V 3.1 mΩcm2 GaN-
based monolithic bidirectional switch using normally-off gate injection
transistor,” in Proc. IEEE Int. Electron. Dev. Meet. (IEDM), Washington,
DC, USA, Dec. 2007, pp. 865–868.

[15] U. Raheja, G. Gohil, K. Han, S. Acharya, B. J. Baliga, S. Battacharya,
M. Labreque, P. Smith, and R. Lal, “Applications and characterization
of four quadrant GaN switch,” in Proc. IEEE Energy Convers. Congr.
Expo. (ECCE USA), Cincinnati, OH, USA, Oct. 2017, pp. 1967–1975.

[16] J. Huber and J. W. Kolar, “Monolithic bidirectional power transistors,”
IEEE Power Electron. Mag., vol. 10, no. 1, pp. 28–38, Mar. 2023.

[17] N. Nain, D. Zhang, J. Huber, J. W. Kolar, K. K. Leong, and B. Pandya,
“Synergetic control of three-phase AC-AC current-source converter
employing monolithic bidirectional 600 V GaN transistors,” in Proc.
22nd IEEE Control Modeling Power Electron. Workshop (COMPEL),
Cartagena, Colombia, Nov. 2021.

[18] J. Honea, P. Parikh, Y. Wu, and I. Ben-Yaacov, “III-nitride bidirectional
switches,” U.S. Patent 7 875 907B2, Jan., 2011.

[19] B. Pandya, “600V GaN dual gate bidirectional switch,” 2019. [Online].
Available: https://poweramericainstitute.org/wp-content/uploads/2020/01/
Task-BP4-4.36-Q4-Infineon-Quad-chart.pdf

[20] J. W. Kolar and J. Huber, “Next-generation SiC/GaN three-phase variable-
speed drive inverter concepts,” in Proc. Power Convers. Intelligent Motion
Conf. (PCIM), Nuremberg, Germany, May 2021.

[21] F. Musil, C. Harringer, A. Hiesmayr, and D. Schönmayr, “How life cycle
analyses are influencing power electronics converter design,” in Proc.
Power Covners. Intelligent Motion Conf. (PCIM), Nuremberg, Germany,
May 2022.


