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A Wide Pulse-Repetitive-Frequency Range
Pulsed Power Supply With Improved

Dynamic Response and Efficiency
Ye Xu , Xinbo Ruan , Fellow, IEEE, and Lingxuan Xiao

Abstract—The transmitter/receiver modules in active phased
array radar systems is powered by a pulsed power supply (PPS).
In this article, an active capacitor converter (ACC) based PPS is
adopted for wide pulse repetition frequency (PRF) range, and the
design method is presented to minimize the output capacitance and
storage capacitance. Since the demand of the storage capacitance
is inversely proportional to the PRF, the ACC is redundant at high
PRF, and thus, a smart disabling control of the ACC is proposed
to shut down the ACC at high PRF to improve the efficiency of
the PPS. To suppress the PRF ripple in the input current, the
bandwidth of the voltage loop of the PPS is designed to be very
slow, which leads to poor dynamic response. To address this issue,
the dynamic response enhancement control strategies are proposed,
including the output current feedforward control and the output
voltage limiting control. Finally, a prototype of the PPS with pulsed
power of 2.8 kW and PRF ranging from 50 Hz to 2 kHz is fabricated
and tested in the lab. The experimental results are provided to verify
the effectiveness of the control strategies of the PPS with wide PRF
range.

Index Terms—Active capacitor converter (ACC), dynamic
response, pulse repetition frequency (PRF), pulsed power supply
(PPS).

I. INTRODUCTION

THE active phased array radar (APAR) features high band-
width, long detection range, and wide operational fre-

quency band [1], and it is suitable for the applications such as
navigation [2], positioning [3], and search and rescue [4]. The
antenna array is one of the crucial components in the APAR,
which is composed of thousands of antenna elements. Each
antenna element contains transmitter/ receiver (T/R) modules
and active power circuits [5]. The T/R module consumes high
current during the pulse duration and almost no power during
the pulse interval [6], so the power supply for the T/R module
is a pulsed power supply (PPS) [7]. For different purposes, the
APAR operates in different frequency bands. Specifically, for
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Fig. 1. Configurations of the PPS with large capacity storage capacitor.

remote sensing, the operational frequency range is very wide,
covering various bands such as L-band, C-band, and X-band
[8]. Consequently, the pulse repetition frequency (PRF) of T/R
modules is wide, ranging from a few hertz to several tens of
kilohertz [9].

In order to reduce the peak power of the power system, it
is essential to prevent the PRF current ripple from propagating
into the input side of the PPS. Thus, the input current of the
PPS is flat [10], [11]. However, the output current of the PPS
is pulsed. As a result, the instantaneous input and output power
of the PPS is unequal, necessitating the use of energy storage
units. The simple method is connecting storage capacitor Cs

at the output side of the PPS, as shown in Fig. 1 [12], [13],
[14]. For obtaining a high accuracy of the transmitted signal
from the T/R modules, the output voltage of the PPS should
have a very small drop and recover very fast [15], [16]. Thus,
the storage capacitance is large. Particularly, if the PRF is
very low, the required storage capacitance is very large, which
is not suitable for the applications such as vessels, aviation
and aerospace that have strict requirements on volume and
weight.

In [17], [18], and [19], an active capacitor converter (ACC) is
introduced into the PPS to replace the output storage capacitor,
which is a kind of active power decoupling topology, as shown in
Fig. 2. Since the storage capacitor Cs in the ACC is not connected
at the output side of the PPS, its voltage ripple is not constrained
by the output voltage drop, and can be intentionally increased.
Thus, the storage capacitance could be greatly reduced, thereby
reducing the size of the PPS.

During the operation of the APAR, the amplitude of the
output signal is frequently changing, which imposes stringent
requirements on the dynamic response of the PPS. Due to the
small storage capacitance and low bandwidth of the voltage loop
of the dc–dc converter, the dynamic response of the PPS is very
poor. In addition, when the PRF range is wide, especially when it
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Fig. 2. Configurations of the ACC-based PPS.

covers both low and high PRF, the ACC- based PPS encounters
some issues. First, the inductor in the ACC limits the tracking
ability of the pulsed current, especially at high PRF. Second,
the required storage capacitance is inversely proportional to the
PRF, and it is relatively large at low PRF while it is very small at
high PRF. So, the ACC is redundant at high PRF while bringing
additional losses.

This article aims to address the aforementioned issues, and
the major contributions are as follows.

1) The design method of the ACC is presented, and the
minimum required output capacitance and the inductance
in the ACC are derived to ensure the ACC can track the
pulsed current.

2) A smart disabling control of the ACC is proposed to
enhance the efficiency of the PPS at high PRF.

3) The dynamic response enhancement control strategies are
proposed for the wide PRF range PPS during load tran-
sients, including the output current feedforward control
and the output voltage limiting control.

The rest of this article is organized as follows. In Section II,
the basic principles and circuit topology of the wide PRF range
PPS is briefly introduced. In Section III, the relationship of the
minimum required output capacitance and the inductance in the
ACC are discussed, and the design method of the wide PRF range
PPS is given. In Section IV, the redundancy of the ACC at high
PRF is analyzed, and a smart disabling control of the ACC and
its implementation circuit are given for enhancing the efficiency
at high PRF. Additionally, the dynamic response enhancement
control strategies including the output current feedforward con-
trol and the output voltage limiting control are proposed. In
Section V, a prototype of the wide PRF range PPS is fabricated
and tested in the lab, and the experiment results confirms the
correctness of theoretical analysis and the effectiveness of the
proposed control strategies. Finally, Section VI concludes this
article.

II. BASIC PRINCIPLES AND CIRCUIT TOPOLOGY OF THE WIDE

PRF RANGE PPS

Fig. 2 has given the configuration of the ACC-based PPS,
which consists of a dc–dc converter and an ACC. The ACC is
connected in parallel at the output side of the PPS to provide the

Fig. 3. Key waveforms of the ACC-based PPS.

Fig. 4. Circuit of the wide PRF range PPS.

pulsed power, and the dc–dc converter only supplies the average
power.

Fig. 3 shows the key waveforms of the ACC-based PPS, where
Pin is the input power, po is the output power, io is the load
current, io1 is the output current of the dc–dc converter, io2 is
the ACC’s port current, vCs is the storage capacitor voltage of
the ACC, vo is the output voltage, Dp is the duty cycle of the
pulse, and Tp is the pulse repetition period. As shown, during [0,
DpTp], Pin < po, and storage capacitor Cs provides the deficient
power and its voltage decays; during [DpTp, Tp], Pin > po, and
the excess power charges Cs through the ACC and the voltage
of Cs increases.

For safety considerations, the PPS needs to have galvanic
isolation. The LLC resonant converter and the phase-shifted
full-bridge (PSFB) converter are the popular isolated dc–dc
converters. The LLC resonant converter usually adopts pulse
frequency modulation, which results in difficulties in optimizing
the magnetic components. Here, the PSFB converter is chosen
as the dc–dc converter. The ACC employs the simple buck/boost
converter. Consequently, the circuit topology of the wide PRF
range PPS is shown in Fig. 4.
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TABLE I
SPECIFICATIONS OF THE WIDE PRF RANGE PPS

Fig. 5. Curve of VCsmax versus Cs with VCsmin = 35 V.

III. DESIGN OF THE WIDE PRF RANGE PPS

In this section, the parameter design for the wide PRF range
PPS will be presented. Table I lists the specifications of the wide
PRF range PPS.

A. Storage Capacitor in the ACC

The storage capacitance can be expressed as [20]

Cs =
2VoIpDp (1−Dp)

fp (V 2
Csmax − VCsmin 2)

=
VoIpDp (1−Dp)

fpVCS− ave ΔVCs
(1)

where Vo is the output voltage of the PPS, Ip is the peak load
current, VCsmax and VCsmin are the maximum and minimum
voltages of Cs, respectively, ΔVCs = VCsmax − VCsmin is the
voltage ripple of Cs, VCsave is the average voltage of Cs, and fp
is the PRF. According to (1), Cs can be reduced by increasing
VCsave or ΔVCs. Moreover, it is evident that the lower the PRF,
the larger the required Cs. Therefore, Cs should be designed at
the minimum PRF.

The maximum voltage of the storage capacitor can be ex-
pressed as [20]

VCsmax =

√
2VoIp
Csfp

Dp (1−Dp) + V 2
Csmin . (2)

TABLE II
SELECTION OF THE STORAGE CAPACITOR Cs

Fig. 6. Unbalanced charges when the pulse current comes and vanishes.

According to Fig. 4, to ensure normal operation of the ACC,
VCsmin needs to be higher than Vo, and VCsmin = 35 V is chosen
here. Substituting it with Dp = 0.1, fp = 50 Hz, Vo = 28 V, and

Ip = 100 A into (2), the curve of VCsmax versus Cs can be
plotted, as shown in Fig. 5. As seen, VCsmax increases with
the decrease of Cs. A too high VCsmax will lead to increased
voltage stress of the switches and losses in the ACC. Therefore,
a compromise needs to be made when selecting Cs. Table II gives
the possible options for the storage capacitor. For minimizing
the volume and cost of the capacitors, VCsmax = 80 V is chosen,
and the corresponding Cs is 1.95 mF.

B. Inductor Lb in the ACC and Output Capacitor Co

The inductor Lb in the ACC can be expressed as [21]

Lb =
(vCS(t)− Vo)V0

f5 ·ΔiLb · vCs(t)
(3)

whereΔiLb is the current ripple of Lb. According (3), a larger Lb

leads to smaller inductor current ripple and, thus, small losses in
the ACC. However, the larger inductance will limit the slew rate
of the ACC’s port current, thereby increasing the requirement
of output capacitance.

Fig. 6 shows the unbalanced charges when the pulse current
comes and vanishes. As seen, when the pulse current comes,
the inductor current iLb cannot rise abruptly, and the output ca-
pacitor Co will provide the deficient current, resulting in output
voltage drop. For proper operation of the ACC, the maximum
duty cycle of the ACC is chosen as 0.9. So, the rise time tr of



XU et al.: WIDE PULSE-REPETITIVE-FREQUENCY RANGE PULSED POWER SUPPLY WITH IMPROVED DYNAMIC RESPONSE 255

iLb can be expressed as

tr =
LbIp

0.9 (VCsmas − Vo)− 0.1V0
. (4)

During [0, tr], the current provided by Co is

iCo(t) = Ip − Ip
tr
t. (5)

Thus, the output voltage drop can be expressed as

Vdrop(t) = iCorCo +
1

Co

∫ t

0

iCodt (6)

where rCo is the equivalent series resistance (ESR) of Co.
Substituting (5) into (6), we have

Vdrop(t) =
Ip

2Cotr

[−t2 + 2 (tr − CorCo
) t+ 2CorCOO

tr
]
.

(7)

According to (7), the maximum output voltage drop is

Vdrop =

{
IprCo tr ≤ CorCo

Ip
2Cotr

(tr − CorCo)
2 + IprCo tr > CorCo

. (8)

For an electrolytic capacitor, we have CorCo = 60 μs [22].
According to (8), tr < CorCo is preferred to obtain a smaller
output voltage drop, i.e., Vdrop = IprCo. By substituting Ip =
100 A, VCsmax = 80 V, and Vo = 28 V into (4) and combining
with tr ≤ CorCo = 60 μs, we have Lb ≤ 5.06 μH. Accordingly,
the required Co is

Co =
60× 10−6

rCo
=

60× 10−6Ip
Vdrop

=
100× 60× 10−6

28× 3%

= 7.15(mF). (9)

C. Components in the PSFB Converter

Since the PSFB converter only supplies the average power,
conventional design methods can be employed.

The primary-secondary turns ratio of the transformer can be
designed as [23]

KTr =
Np

Ns
=

Vin_min(1−Dloss)

Vo
(10)

where Vin_min is the minimum input voltage, Dloss is the duty
cycle loss resulted by the resonant inductor. Substituting Vin_min

= 80 V, Dloss = 0.15 and Vo = 28 V into (10) leads to KTr =
2.43. Here, Np = 7 and Ns = 3 are chosen, and thus, KTr = 2.33.

The resonant inductance Lr can be designed as [23]

Lr =
KTrVin_minDloss

4Io_avefs
(11)

where Io_ave is the average output current. Substituting KTr =
2.33, Vin_min = 80 V, Dloss = 0.15, Io_ave = 10 A, and fs =
100 kHz into (11), Lr = 7 μH is calculated.

The output inductance can be designed as [23]

Lf =
Vo

2fsΔILf

(
1− VoKTr

Vin_max

)
(12)

Fig. 7. Curves of the storage capacitance requirement versus the PRF.

where ΔILf is the output inductor current ripple. For a tradeoff
of the conduction loss and inductor size, ΔILf is chosen as 20%
of the average current. Substitution of Vo = 28 V, KTr = 2.33,
Vin_max = 120 V, ΔILf = 20%Io_ave = 2 A, and fs = 100 kHz
into (12) leads to Lf = 32.4 μH.

IV. CONTROL STRATEGIES FOR THE WIDE PRF RANGE PPS

A. Control Strategy at High PRF

In the wide PRF range PPS, the storage capacitance Cs in the
ACC is designed at the lowest PRF. Substituting Vo = 28 V,
Ip = 100 A, Dp = 0.1, VCsmax = 80 V, and VCsmin = 35 V
into (1), the curve of the required Cs in ACC versus the PRF is
depicted, as shown in Fig. 7 with the solid line. As observed, the
required Cs is inversely proportional to the PRF. At high PRF, a
very small Cs is needed, and the ACC is redundant. In addition,
substituting Vo = 28 V, Ip = 100 A, Dp = 0.1, VCsmax = Vo =
28 V, and VCsmin = Vo – 3%Vo = 27.16 V into (1), the curve of
the required Co without ACC versus the PRF can be depicted, as
shown in Fig. 7 with the dashed line. As seen, at high PRF, if the
ACC is not used, the required Co is also very the pulsed power
at high PRF, and the ACC could be shut small. Therefore, the
existing output capacitor could provide down to save the loss in
the ACC.

In Section III-B, the Co is designed as 7.15 mF. By substi-
tuting Cs = Co = 7.15 mF, Vo = 28 V, Ip = 100 A, Dp = 0.1,
VCsmax = Vo = 28 V, and VCsmin = Vo – 3%Vo = 27.16 V into
(1), the corresponding PRF is 1.5 kHz. This means when the
PRF is higher than 1.5 kHz, the ACC can be disabled.

Fig. 8 shows the smart disabling control circuit of the ACC.
The sensed load current io_s is compared with the pulse threshold
vth_ps through comparator C1 to reshape the pulse signal. The
generated pulse signal vps is sent to the D flip–flop to obtain a
pulse signal with a 50% duty cycle and half the PRF frequency.
Then, an RC charging circuit and a peak detection circuit are
used to detect the pulse period. The generated signal vRPF is
proportional to the PRF pulse period. Finally, vRPF is compared
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Fig. 8. Smart disabling circuit of the ACC.

Fig. 9. Control circuit of the wide PRF range PPS.

Fig. 10. Small-signal model of the PSFB converter.

with the shut-down threshold vth_sd through a hysteresis com-
parator. At high PRF, the signal SD is at low level to shut down
the ACC.

B. Dynamic Response Enhancement Control Strategies

Fig. 9 shows the control circuit of the wide PRF range PPS. A
dual-loop control is employed for the PSFB converter. In order to
suppress the PRF current ripple at the input, the bandwidth of the
voltage loop is generally designed to be 1/10 of the lowest PRF.

Fig. 10 shows the small-signal model of the PSFB converter
[24], where, Dy is the duty cycle, ILf is the output inductor
current, rLf is the ESR of the output inductor, RL is the equivalent

load resistance of the converter, d̂i and d̂v are the small signal
disturbances caused by the resonant inductor, and expressed as
[24]

d̂i = − rd
KTr

Vin
îL (13)

d̂v = rd
1−Dloss

VinRL
v̂in (14)

where rd = 4Lrfs / KTr
2 is the equivalent resistance caused by

the resonant inductor.
According to Fig. 9, the control block diagram of the PSFB

converter can be obtained, as shown in Fig. 11(a), where, Zo(s)
represents the output impedance of the PSFB converter and G(s)
represents the equivalent transfer function. Fig. 11(a) can be
equivalently transformed into Fig. 11(b), where the equivalent
transfer function G(s) can be derived as

G(s) =
1

Hi

HiGc(s)GMGid(s)

1+HiGc(s)GMGid(s)
ZCo(s) =

1

Hi

T1(s)

1+ T1(s)
ZCo(s)

(15)

where T1(s) = HiGc(s)GMGid(s) is the transfer function of
current loop, Gc(s) = kic/s + kpc is the transfer function of the
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Fig. 11. Control block diagram of the PSFB converter. (a) Original block
diagram. (b) Equivalent model.

current regulator, GM = 1/VM, and VM is the amplitude of the
saw-tooth carrier, Hi = 0.1 is the current sensing gain, Gid(s) is
the transfer function from the inductor current to the duty cycle,
and ZCo(s) is the impedance of the output capacitor. The cut-off
frequency of the current loop, fc, is generally designed to 1/10
of the switching frequency (fs = 100 kHz). So, fc = 10 kHz is
chosen. Thus, we have || T1(j2πfc) || = 1, and the phase margin
of the current loop is set to 45°. Therefore, kpc = 2.5 and kic =
2000 are obtained.

The transfer function Gid(s) can be expressed as

Gid(s) =
Vin

KTrRL

sCo (rCo +RL) + 1

Δ(s)
(16)

where Δ(s) is expressed as

Δ(s) =

(
1 +

rCo

RL

)
LfCos

2 +
rLf + rd

RL
+ 1

+

[(
1 +

rLf + rd
RL

)
rCoCo + (rLf + rd)Co +

Lf

RL

]
s.

(17)

The equivalent impedance of the output capacitor can be
expressed as

ZCo(s) = rCo +
1

sCo
=

1 + sCorCo

sCo
. (18)

The output impedance of the PSFB converter can be expressed
as

Zo(s) = ZLf(s)//ZCo(s)//RL

=
rCoLfCos

2 + [(rLf + rd) rCoCo + Lf ] s+ rLf + rd
Δ(s)

. (19)

Since the bandwidth of the voltage loop is extremely low, the
dynamic response of PPS is very poor. Moreover, the storage

Fig. 12. Bode plot of Gff(s) and Hi.

capacitance in the ACC is quite small, which cannot provide
sufficient power when the load changes abruptly, leading to a
large output voltage drop or overshoot, which affects the normal
operation of T/R module.

To enhance the dynamic response during load transients,
an output current feedforward control is adopted, as shown in
Fig. 11(a). According to Fig. 11(b), the transfer function of the
output current feedforward control can be expressed as

Gff(s) =
Zo(s)

G(s)
= Hi

1 + T1(s)

T1(s)
T2(s) (20)

where T2(s) = Zo(s) / ZCo(s).
Substituting Hi = 0.1, kic = 2000, kpc = 2.5, GM = 1 / 2.15,

Vin = 100 V, KTr = 2.33, Co = 7.15 mF, rCo = 2.5 mΩ, RL =
2.8 Ω, Lf = 32 μH, rLf = 5 mΩ, and rd = 0.88 Ω into (20), the
Bode plot of Gff(s) and Hi can be plotted, as shown in Fig. 12.
As seen, the gain of Gff(s) is approximated as Hi within the
PRF. First, the gain of [1 + T1(s)] / T1(s) can be approximated
as 1 because that the gain of the current loop is very large at
low frequency (||T1(j2πf) >> 1|| for f << fc). Second, the gain
of T2(s) can be approximated as 1. This is because that the
impedance ZCo(s) is much smaller than the impedance ZLf(s)
within the PRF, which leads to the output impedance Zo(s) =
ZLf(s) // ZCo(s) ≈ ZCo(s).

Since the load current is pulsed, to avoid affecting the normal
operation of the converter at steady state, a peak detection circuit
is added to the load current feedforward path. When the load
current changes, it can be quickly detected and compensated
through the feedforward path. In addition, due to the low band-
width of the voltage loop, when the load current suddenly van-
ishes, the output voltage will experience a significant overshoot.
To prevent the excessive voltage overshoot, an output voltage
limiting control is added. When the output voltage exceeds
the voltage threshold, the output voltage limiting control will
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TABLE III
MAIN PARAMETERS OF THE PROTOTYPE

Fig. 13. Photograph of the wide PRF range PPS prototype.

limit the maximum output voltage. The implement circuits of
the output current feedforward control and the output voltage
limiting control are shown in Fig. 9.

V. EXPERIMENTAL RESULTS

To validate the proposed design method and control strategies,
a prototype of the wide PRF range PPS is fabricated in the
lab, which consists of a PSFB converter and an ACC, as shown
in Fig. 13. The specifications of the prototype are provided in
Table I, and the main parameters are listed in Table III.

Fig. 14 shows the steady-state experimental waveforms of the
wide PRF range PPS. As can be observed, the maximum output
voltage drop is 0.81 V, and the input current ripple is 0.24 A
(7.6% of iin). Meanwhile, with the increase of the PRF, both the
output voltage drop and the input current ripple decrease, and

the inductor current in the ACC becomes increasingly difficult
to track the load current, which confirms the analysis.

Fig. 15 shows the experimental waveforms of the load tran-
sients without dynamic response enhancement control at 50 Hz
PRF. As seen, the output voltage drop is 7.76 V when the load
suddenly comes, and the voltage overshoot is 5.87 V when the
load suddenly vanishes. The dynamic response of the PPS is
very poor.

Fig. 16 gives the experimental waveforms of the load tran-
sients with the proposed dynamic response enhancement control
at 50 Hz PRF. When the pulse load comes, due to the output
current feedforward control, the output voltage drop decreases
to 0.34 V, with a recovery time of only one pulse cycle. When
the pulse load vanishes, the output voltage limiting control limits
the voltage overshoot to 1.22 V.

Fig. 17 presents the experimental waveforms of the load
transients with dynamic response enhancement control at 2 kHz
PRF. It shows that the proposed control strategies can also
improve the dynamic response of the PPS at high PRF. The
experimental results in Figs. 16 and 17 demonstrate that the
proposed dynamic response enhancement control can signifi-
cantly enhance the dynamic response of the PPS, even with
extremely low voltage loop bandwidth and extremely small
storage capacitance.

Fig. 18 shows the experimental waveforms when the PRF
changes. Fig. 18(a) shows the waveforms when the PRF sud-
denly increases from 50 Hz to 1.5 kHz. As seen, the ACC is shut
down when the PRF increases, and the overshoot of output volt-
age is 2.02 V, which has a favorable dynamic response. Fig. 18(b)
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Fig. 14. Steady state experimental waveforms at (a) 50 Hz PRF, (b) 500 Hz
PRF, and (c) 2 kHz PRF.

shows the waveforms when the PRF suddenly decreases from
1.5 kHz to 50 Hz. In this case, the ACC is rapidly switched on,
providing the pulsed load current. Additionally, the presence of
the storage capacitor voltage limiting loop limits the voltage and
current overshoots in ACC during starting up.

Fig. 19 gives the measured efficiencies of the PPS with large
capacity storage capacitor, the ACC-based PPS without smart
disabling, and the proposed wide PRF range PPS. As seen, at
the lowest PRF (50 Hz), the efficiency of the wide PRF range
PPS is equal to the ACC-based PPS and the full-load efficiency

Fig. 15. Experimental waveforms of the load transient without dynamic
response enhancement control at 50 Hz PRF.

Fig. 16. Experimental waveform of the load transient with proposed dynamic
response enhancement control at 50 Hz PRF.

Fig. 17. Experimental waveform of the load transient with the proposed
dynamic response enhancement control at 2 kHz PRF.

is 92.8%. The full-load efficiency of the PPS with large capacity
storage capacitor is 94.3%. When the PRF is 1.5 kHz, the
efficiency of the ACC-based PPS with smart disabling is equal to
the PPS with large capacity storage capacitor, and the full-load
efficiency is 94.7%. The full-load efficiency of the ACC-based
PPS without smart disabling is 93.2%. It is evident that disabling
the ACC at high PRF improves the efficiency by nearly 1.5%.
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Fig. 18. Experimental waveforms when (a) the PRF increases from 50 Hz to
1.5 kHz and (b) the PRF decreases from 1.5 kHz to 50 Hz.

In addition, at low PRF, the efficiency of the wide PRF range
PPS is lower than the PPS with large capacity storage capacitor.
This is because the ACC has been added into the PPS, which
significantly reduces the storage capacitance of the PPS and
improves the power density of the PPS, but also brings additional
loss.

Fig. 20 presents the loss distribution of the wide PRF range
PPS with the loss model and the loss calculation method of the
PPS given in [20]. As seen, at the lowest PRF (50 Hz), the loss
of the PSFB converter is 16.6 W, the loss of the ACC is 4.85 W,
and the total loss is 21.45 W. When the PRF is 1.5 kHz, due to
the smart disabling control, the ACC is shut down, and the total
loss is 15.36 W. As shown in the shaded area in Fig. 20, the loss
of ACC is avoided.

The volume and cost of the components in the PPSs are
given in Table III. The components of the PSFB converter
except the output capacitors in the PPS with large capacity
storage capacitor and the ACC-based PPS are identical. In the
PPS with large capacity storage capacitor, the output storage
capacitance is 214 mF, which can be obtained by Fig. 7. Here,
two hundred and fourteen 50 V/1000 μF capacitors (UHD1-
H102MHD) are used for Co. And in the ACC-based PPS,
eight 50 V/1000 μF capacitors (UHD1H102MHD) are used
for the output capacitor. In ACC, six 100 V/330 μF capaci-
tors (UPW2A331MHD) are used for the storage capacitor. The

Fig. 19. Measured efficiency curve of the PPS with large capacity storage
capacitor, the ACC-based PPS without smart disabling, and the proposed ACC-
based PPS with smart disabling.

Fig. 20. Loss distribution of the wide PRF range PPS.

inductor of the ACC is separated into two inductors connected
in series, and two sets of PQ40 ferrite cores are employed. In
addition, four MOSFETS (IPB026N10NF2S) are selected for the
main switches of the ACC, and two MOSFETS are connected in
parallel for each switch. As can be seen, the volume and cost of
the ACC-based PPS (162.26 cm3 and $75.31) are only 14.47%
and 17.64% of the PPS with large capacity storage capacitor
(1121.52 cm3 and $427.04), respectively. Obviously, the ACC-
based PPS can significantly reduce the volume and cost of the
PPS.

Table IV gives the comparison of different PPSs. As can be
seen, the storage capacitance of the PPS is greatly reduced by
adding the active power decoupling circuit. However, most of the
existing PPSs based on the active power decoupling circuit are
only suitable for low PRF. When the PRF is high, the efficiency
of these PPSs still remains at a low level. This article proposes a
smart disabling control strategy that can improve the efficiency
of the PPS by 1.9% at high PRF. In addition, because the storage
capacitance of the PPS based on active power decoupling circuit
is too small, the dynamic response characteristics are poor.
This article proposes the dynamic response enhancement control
strategies without increasing the storage capacitance, which can
greatly improve the dynamic response characteristics of the PPS.
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TABLE IV
COMPARISON OF DIFFERENT PPSS

VI. CONCLUSION

This article proposes a wide PRF range PPS based on the ACC.
By increasing the voltage ripple of the storage capacitor in the
ACC, the storage capacitance can be significantly reduced. This
article analyzes the unbalanced charges when the pulse current
comes and vanishes and provides a design method for the wide
PRF range PPS to minimize the output capacitance and the stor-
age capacitance. Meanwhile, for saving the extra losses brought
by the ACC, a smart disabling control strategy is proposed to
shut down the ACC at high PRF, and the corresponding control
circuit is given. Moreover, the dynamic response enhancement
control strategies are proposed, including the output current
feedforward control and output voltage limiting control. Finally,
the experimental results are provided to validate the correctness
and effectiveness of the proposed wide PRF range PPS and the
control strategies.
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