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Pulse Power Supply With Faster Response and 
Low Ripple Current Using Inductive Storage and 

Interleaving Technology
Zhibao Yuan and Haiping Xu

Abstract—Switched mode pulse power supply is a promising 
technique for high-power quasi-continuous laser driver. Contrast 
to lossy linear laser drivers, switched mode laser drivers can 
achieve higher efficiency. However, many challenges have been 
proposed, such as fast pulse edge, low current ripple. This paper 
proposes a multiphase interleaved pulse power supply with energy 
recovery and inductive storage (MIEF-PPS). The basic concept of 
the topology is the inclusion of a multiphase converter with pulse 
forming circuits to the converter system, which decouples the 
current slew rate and current ripple. Using an inductive storage 
technology and pulse forming circuits, a shorter pulse current 
rising time is obtained. The inductor energy is fed back to the 
input source not discharged to the load, resulting in a fast pulse 
trailing edge and energy saving. Thus the pulse current response 
observed when using this proposed technique is found to be 
much faster when compared to the conventional interleaved buck 
driver. Moreover, a pre-charge method is proposed to overcome 
the challenge of digitally controlling the inductive storage. 
The proposed topology was simulated in MATLAB/Simulink 
and validated against the experimental results of a laboratory 
prototype, 360 W dual-interleaved pulsed power supply.

Index Terms—Energy recovery, fast response, multiphase 
interleaved, precharge control, pulse power supply.  

I. Introduction

HIGH-POWER semiconductor laser arrays are vital in 
many fields, such as medical, industrial, and military 

fields, because of their advantages such as having a small 
volume, low weight, high efficiency, good beam quality, high 
reliability, and long lifespan [1]-[4]. A laser diode (LD) is a 
current-driven device and has similar characteristics to a light-
emitting diode. From the voltage-current (V-I) characteristic 
and the characteristic curve of the optical power and injection 
current (P-I) of a laser diode [5], [6], it is sensitive to current 
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variation, and small changes in the current lead to significant 
changes in the output optical power, resulting in the expansion 
of the spectral linewidth of the output wavelength; therefore, 
a small injection current ripple is required. In general, LD can 
function in continuous wave and pulse modes. In the pulse 
mode, the forward peak current of a high-power laser diode 
can reach over 100 amperes with a pulse duty cycle of less 
than 0.1 in most cases, which are generally used in peak power 
ranging and all solid state laser pump source [1]. As the optical 
output power and the conversion efficiency are increased along 
with injection current, by the same output optical power, the 
smaller the duty cycle of the pulse laser, the higher efficiency 
will be achieved [7]. Another characteristic is that pulse lasers 
produce minimal heat; as a result, the threshold current of the P-I 
characteristic curve reduces and the slope efficiency increases 
[8]. Thus, operating LD in a pulse mode is recommended and 
offers a chance to exploit its performance. Generally, the output 
pulse current rising edge of high-power quasi-continuous pulse 
power supply is steep and a short time within 20 µs is always 
required [9], [10]. The development of laser power [11], has 
enhanced the demand for pulse power supply (PPS). Being one 
of the critical technologies of a laser system, the stability, pulse 
rise time, efficiency, and power density of the PPS affect the 
overall performance of a laser system. Therefore, the PPS has 
to be carefully considered. 

In general, semiconductor laser PPS drivers are classified 
into two types: linear drivers and switched mode drivers. 
Drivers with linear regulators [12]-[14] have simple structures 
and a low cost and generate fast enough rising and falling 
times, as shown in Fig. 1. However, they suffer from lower 
electrical efficiency owing to power loss at the linear stage, 
especially in high power applications. In contrast, switched 
mode drivers achieve higher electrical efficiency; however, 
they suffer from longer rising and falling times and overshoot 
owing to LC filters and control bandwidth [15]. Some efforts 
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Fig. 1.  Typical linear laser driver circuit.
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to improve switched mode power supply have been undertaken 
in [9], [16]-[19]. Typically, a buck current source is simple 
and easy to implement [20], [21], but the current rising edge 
is limited by the circuit parameters, and the current ripple and 
pulse edge response speed are compromised. To improve the 
rising edge whilst maintaining a low current ripple, a switch 
shunt concept with higher inductance was adopted named 
inductive storage topology and present in [16]-[18], as shown 
in Fig. 2(a). The semiconductor switch is connected to a load in 
parallel to realize fast switching of the load and obtain a short 
duration of the pulse waveform. However, due to the low energy 
storage density of the inductor and a single-stage converter, a 
lower power density is achieved in high-power applications. To 
generate a low current ripple, basic buck type converters with 
a high-order passive filter at the output are studied in literature 
[15]. However, this approach is constrained because it offers a 
bulky solution and leads to a worse dynamic current response. 
Some active ripple filter topologies have been presented in [22], 
[23]. In [22], the current ripple is measured from the inductor 
and flows opposite to the current into the load. In [23], the shunt 
switch conducts a low current ripple. However, the power sent 
to the shunt switch operating in a linear state is sacrifice. In [18], 
[24], a bidirectional converter replaces the shunt switch in [23] 
to compensate for the output current ripple, which increases the 
complexity of the circuit implementation. Another attractive 
option is to employ a typical multiphase interleaved buck type 
converter (Fig. 2(b)), with the advantages of a low current 
ripple, high power density and fast rising time (owing to a lower 
inductance value) [9], [19]. However, it is equivalent to the 
buck current source, thus the rising and falling current time are 
affected by the circuit parameters (inductor value, input/output 
voltage), making it difficult to achieve a faster rising and falling 
current edge. Moreover, at the end of the pulse command, the 
energy stored in the inductors is discharged through the load, 
which not only increases the pulse falling edge time, but also 
wastes energy and reduces the efficiency.    

Herein, switched mode drivers are studied to overcome rising 
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Fig. 2.  Switched mode laser driver circuits. (a) Inductive storage driver circuit 
[16]-[18]. (b) Multiphase interleaved buck type circuit [9], [19].

and falling edge limitations, increase efficiency and maintain 
a low current ripple [19] for high-power semiconductor laser 
array drivers. This paper proposes a multiphase interleaved 
PPS with energy recovery and inductive storage topology 
(MIEF-PPS). The MIEF-PPS operates in an interleaved 
pulse-width modulation (PWM) current-loop control under 
steady-state conditions and its operation changes to the fixed 
duty cycle control during transient of inductor current. This 
proposed topology improves the transient response of the 
multiphase interleaved converter without relying on the low 
inductance value and the high voltage across the inductors. 
Further, a digital pre-charge control for the inductor energy 
storage is also proposed to obtain a fast rising time. Moreover, 
this topology with energy recovery, improves fast falling time 
and saves energy. Section II describes the configuration and 
operation principle of the proposed topology in detail, and a 
multiphase inductor design process is also briefly presented. 
The control approach is discussed in Section III. In this section, 
a digitally pre-charge control and average current sharing 
method are also presented. Finally, in Section IV, the simulation 
and implementation of a prototype are described, and some 
experimentally obtained results are presented, to demonstrate 
the operation and performance of the proposed topology. 
Section V presents the conclusions. 

II. Circuit Configuration of MIEF-PPS 

A. Circuit Configuration 

A switched mode driver circuit topology has been evolved, 
which is depicted in Fig. 3. The proposed topology is derived 
from interleaved buck converter and the pulse forming concept 
from the topology of Fig. 2. As shown in Fig. 3, the proposed 
MIEF-PPS topology consists of N phases of interleaved buck 
circuits (D1…DN, L1…LN, S1…SN) and pulse forming circuits 
for inductor storage energy feedback and pulse forming (Q1, 
Q2, Dq3, Dq4). The three-terminating devices (Dj, Sj, Lj, j = 1,…,N) 
are composed of a basic buck converter and are connected 
in parallel to meet the requirements of high current and low 
ripple. In Fig. 3, vin indicates the voltage of storage capacitor Cs 
and Dq4 denotes a freewheeling diode to protect the load. 

The Q1 provides a path for the inductive (L1-LN) storage, 
preparing for the pulse current discharge to the load. When the 
inductors energy storage are filled, it means that the inductor 
current reaches a given value, which generates a fast rising 
current edge by turning off Q1 and turning on Q2. This means 
that even with a larger inductance of L1-LN, the MIEF-PPS can 
also has a fast rising current slew. At the end of the pulse, the 
switch Q2 is turned off quickly, and the inductor energy is fed 
back to the input power through the continuation diode Dq3, to 
obtain a fast falling edge. In the flat-top pulse interval, phase 
shift control maintains a low current ripple. The pulse width 
and period are determined by the ON and OFF states of Q1 

and Q2. Small circuit parameter differences (e.g., inductance 
difference) lead to final inductor branch current differences, 
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but they do not affect the stability of the system for their 
minor differences. Notably, although the MIEF-PPS can be 
extended to any phase, parallel multiphase leads to increased 
circuit complexity and difficulty in control. Moreover, from 
the perspective of circuit theory, the proposed topology is not 
limited to the buck circuit, any DC/DC topology operates as 
a current source can form the proposed MIEF-PPS topology 
type. 

B. Operation Principle 

In order to simplify the analysis, this paper adopts the 
general dual-interleaved energy feedback pulse power supply 
topology, which analysis results are also applicable to the 
proposed MIEF-PPS topology. The proposed MIEF-PPS 
topology is based on the interleaved buck topology; therefore, 
the gate signals are driven following the buck mode in the flat-top 
time. In terms of pulse forming, the pulse operation can be strictly 
divided into two mechanisms, a high switching frequency 
of Sj and a low switching frequency of switch Q1 and Q2. 
The equivalent operation circuits are shown in Fig. 4. Fig. 5 
depicts the key waveforms of the proposed topology during a 
pulse period. In Fig. 5, the gate signals vgS1, vgS2, vgQ1, and vgQ2  

correspond to the switches of S1, S2, Q1, and Q2 respectively, 
iL1 and iL2 are the currents of inductors L1 and L2, io is the pulse 
load current. Therefore, the overall operation of the proposed 
MIEF-PPS topology can be summarized as follows: 

Stage 1 [t0-t1] Inductive Storage In this stage, switches S1, S2, 
and Q1 are turned on, Q2 is turned off, and the corresponding 
equivalent circuit in this mode is shown in Fig 5(a). The 
inductors L1 and L2 are energized by the input voltage source 
vin, and their currents rise linearly. As Q2 is in the OFF state, 
and therefore, there is no current flowing through the load. 
Considering the inductive parasitic resistance and ignoring other 
parasitic parameters of the circuit, the inductors charging time 
of each phase is determined by the following equation: 

                          (1)

where Rej is the resistance of the inductor Lj (j = 1, 2…). It will 
enter the next state until the current value of inductor Lj reaches 
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Fig. 5.  Key wavefroms during pulse period.

its reference value iLj_ref at t1. 
Stage 2 [t1-t2] Pulse Forming In this stage, the switch Q1 is 

turned off, while switch Q2 is turned on. At this moment, in the 
whole stage, the circuit is equivalent to two-phase interleaved 
buck circuits in parallel, as shown in Fig. 4(b).  Switches S1 

and S2 operate in a high frequency buck mode to maintain 
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Fig. 4.  Equivalent circuits for each stage. (a) Stage 1: inductive storage. (b) 
Stage 2: pulse forming. (c) Stage 3: energy recovery.
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constant inductance current. The two paralleled buck circuits 
are controlled by the interleaving technology to obtain a low 
current ripple [25], [26]. The inductor currents are expounded 
as follows:

on

off                    (2)

where vo is the voltage of the load. The load obtains a fast 
rising current slope with the initial inductor currents and a 
quick turn on of switch Q2. 

Stage 3 [t2-t3] Energy Recovery In this state, all switches are 
turned off. The remaining energy stored in L1 and L2 returns 
to the capacitor Cs through D1, D2, and Dq3. The residual load 
energy continues to flow through the freewheeling diode Dq4. A 
fast falling slope is obtained while the switch Q2 is turned off. 
The inductor currents are expounded as follows:

                        (3)

Stage 4 [t3-t4] Idle State In this state, all switches are turned 
off and there is no energy in inductors and load, waiting for the 
next pulse current discharge.

C. Inductor Design 

As shown in Fig. 5, the inductor current waveforms are of 
the pulse current during a pulse period. In stage 2, the phase 
inductor currents are in continuous conduction mode (CCM). 
In order to prevent the maximum DC current from causing 
the core to saturate, this paper mainly considers the flat-top 
current as the design basis of the inductor. At this stage, the 
symmetrical phase shift control is used to keep the output pulse 
current ripple small, and the phase shift duration is calculated 
from the following equation: 

                                  (4)

To conduct the analysis, the followings assumptions are 
made: 

1) Every phase is operating in CCM during stage 2; 
2) Every phase has the same duty cycle D, inductance L and 

current ripple ΔiL, Dj = Dk = D, Lj = Lk = L, ΔiLj = ΔiLk = ΔiL, k = 1, 
…, N (k ≠ j). 

Under the above assumptions, the peak-to-peak value of 
inductor current ΔiL, is governed by the following: 

                         (5)

It can be seen from (5) that the current ripple is inversely 
proportional to the inductance. Generally, the larger the 
inductance, the smaller the current ripple. For interleaved 
parallel converters, the inductance affects not only the output 
current ripple but also the power density, so it is especially 
important to design the inductor practically. 

With the above analysis, the inductor design is analyzed 
in accordance with the multiphase buck converter. For an 
interleaved buck converter, a simple analytic expression of the 
total current ripple under CCM is expressed as [27]:

                  (6)

where m = floor (ND), which returns the greatest integer value 
less than the argument; Δio is total current ripple. The total 
current ripple can be further expressed by combining (5) and 
(6):

   (7)

               (8)

K (N, D) is defined as the normalized coefficient of Δio and 
illustrated in Fig. 6 according to the number of phases N and 
the duty cycle D.

It shows that K (D, N) satisfies the following equation:

                     (9)

where Kmax (D, N) is the maximum value of K (D, N). More-
over, due to the symmetric distribution of the waveform, the 
number of solutions satisfying the duty ratio at which K (D, N)
takes the maximum value is equal to the number N of parallel 
phases. When K (D, N) takes the maximum value Kmax (D, N), 
the corresponding duty ratio is: 

               (10)

Fig. 6.  Normalized coefficient of total current ripple.

0.25

0.2

0.15

0.1

0.05

0
0     0.1   0.2   0.3   0.4   0.5   0.6   0.7   0.8   0.9    1

N = 1
N = 2
N = 3
N = 4

D

K
 (N

, D
)

Z. YUAN et al.: PULSE POWER SUPPLY WITH FASTER RESPONSE AND LOW RIPPLE CURRENT 



58 CPSS TRANSACTIONS ON POWER ELECTRONICS AND APPLICATIONS, VOL. 5, NO. 1, MARCH 2020

An expression for the range of inductance values can be 
obtained from (7)-(10): 

                     (11)

Equation (10) gives the range of inductance values that 
satisfy the symmetric phase shift to eliminate the current ripple. 
When the parameters such as the number of parallel phases is 
determined, the inductance value under the working conditions 
can be found. 

Taking the dual-phase interleaved circuit inductor design as 
an example, the parameters are: vin = 50 V,  fs = 50 kHz, Δio = 2 A,  
and the coefficient Kmax (Dq, N) can be obtained by equations 
(8) and (10), Kmax (Dq, N) = 0.125. From the (11), the range of 
inductance under the previous assumptions can be obtained: 
0 ≤ L ≤ 62.5 μH. Considering the margin and the actual winding 
process, the final inductance applied to the subsequent parallel 
verification experiment is approximately 80 μH. 

III. Current Control Schemes 

A. Inductive Storage Control 

Interleaved circuit design will reduce the inductor’s value 
and its size [25], [26]. Therefore, the inductance of L1 and 
L2 are typically designed to range from tens to hundreds of 
microhenry which leads to inductive storage control difficulties 
in stage 1 by adopting digital control, such as average current 
control and peak current control. For example, if the MIEF-
PPS total input voltage was set to a value of vin = 50 V with 
an inductance L = 80 μH, the minimum time required to reach 
inductor current of Iref  = 15 A, is obtained from (1): 

                          (12)

By using the first-order Taylor series expansion, the inductor 
current can be approximately expressed as: 

               (13)

Using (13), the current rising time would be 24 µs. Thus, the 
MIEF-PPS would have an inductor charging rate of 0.625 
A/µs. This means that if a digital pulse width modulation 
(PWM) controller is adopted, the switching frequency must 
be greater than 625 kHz to control the current accurately in 
one ampere, leading to implementation difficulties. Another 
consideration is the accuracy of the sampling in the A/D 
converters of the MCU. Because of the limitation of A/D 
sampling speed and accuracy, it is difficult for A/D to accurately 
sample the slope function. Therefore, it is not easy to use the 
closed-loop controller to control current in State 1 accurately. 

To solve the above-mentioned problem, a precharge control 
called a fixed duty ratio digital PWM control method is 

proposed to control the inductor charging current approximately 
accurately. The waveforms of inductor charging current and 
corresponding PWM gate signal are shown in Fig. 7. The basic 
concept of the method is to control the inductor current to a 
reference value Iref by M fixed duty cycles. In Fig. 7, there are 
two modes in a switching interval. 

In mode 1 [0, t1], switches S1, S2, and Q1 are turned on and 
inductor currents start to rise with the applied voltage vin. 

In mode 2 [t1, t2], switches S1, S2, are turned off and inductor 
currents flow through the freewheeling diode D1 and D2, 
respectively. 

The duty ratio dpre of Sj gate signal has a relationship with 
inductor current iLj, (1) is solved and using a Taylor first-order 
approximation, (14) can be derived.

              (14)

where Δiup and Δidown are inductor current increments and 
decrease respectively in a switching interval. After M switching 
cycles, the final inductor current can be expounded as: 

    (15)

From (15), ΔiLj_M is always the reference value of inductor 
current Iref, so we can easily control the inductor charging 
current by M fixed duty cycle. 

B. Interleaved Buck Converter Control 

A stable current should be maintained during the flat-top 
pulse current time (stage 2), so a closed-loop control algorithm 
is needed to control the current stability. In stage 2, according 
to the analysis of operating mode, the topology is equivalent to 
a dual-interleaved buck circuit, which functions in a constant 
current mode. The conventional buck interleaved control is 
the output voltage control based on a small signal model [28]-
[30]. This paper adopts the average current control method to 
achieve the output current control.  

The control block diagram of the proposed topology is 
shown in Figs. 7 and 8. It is composed by an open loop control 
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Fig. 7.  Ideal inductor current of each phase by pre-charge control.
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of stage 1 and closed-loop average current control of stage 2. 
In Stage 1 control, T1 is turned on and the number of fixed duty 
cycles M is calculated by (15). Inductors are charged by the 
gate signals from the PWM controller. As in stage 2 control, it 
is composed of a single outer loop that deals with the output 
current control and current sharing loop control, which is 
responsible for the current control of each phase. The output 
current is measured to obtain high accuracy of the current 
control. 

IV. Simulation and Experiment Verification 

A. Simulation Verification 

To verify the operation of the proposed topology, a simulation 
was performed using MATLAB/Simulink and compared 
to a conventional diver topology in Fig. 2(b). Table I gives 
the parameters of the simulation. Figs. 9 and 10 show the 
simulation results of the proposed and conventional topologies, 
respectively. Fig. 9(a) and (b) shows the overall waveforms 
of currents and gate signals, respectively, that correspond to 
the analysis waveforms of Fig. 5. It also shows that the output 
current ripple is reduced by the interleaved technology in Fig. 
9(a). Fig. 10(a) shows the overall waveforms of currents of 
conventional topology, where ib_o represents the load current, 
ib_L1 and ib_L2 represent the inductor current respectively. 
Fig. 10(b) and (c) show that the conventional topology pulse 
rising and falling times are 120.8 µs and 119.4 µs respectively. 
Comparing with Fig. 10, it is shown that the proposed topology 
greatly improves the response speed of the pulse edge. 

In order to simplify the calculation of parameter M, only 
the first term in (15) is adopted, and the influence of parasitic 
parameters in the second term is ignored. This makes the 
calculated value of M relatively small, resulting in the final 
value of the pre-charge inductor current being slightly less 
than the given value, but it does not affect the control process. 
As shown in Fig. 9(a), the inductor currents of L1 and L2 

are charged to the iref/2 by the proposed pre-charge control 
method. The fixed duty ratio dpre = 0.1, according to (15), M 
is approximately 8, which means that 8 fixed duty cycles are 

TABLE I
Parameters for the Circuit

Parameter  Symbol Value  
SiC MOSFET  
Switching frequency fs 50 kHz 

Input DC voltage  vin 50 V 
BUCK inductor  Lj 80 μH 
Output current  io 20 A 
Load  RL 0.9 Ω 
Pulse frequency  fperiod 160 Hz 
Pulse width  Pwidth 0.5 ms 
Rise time  tr <20 µs 

needed to charge the inductors corresponding to the simulation 
results. From Fig. 9(a), we can see that a fast rising and falling 
slope are obtained by switch Q1, Q2 and the inductor currents 
pre-charge control method. Fig. 9(c) shows that the inductor 
currents decrease linearly and the voltage vce_Q2 across Q2 
is approximately vin until the inductor current is zero which 
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means that the energy stored in the inductors is fed back to 
the input source. Moreover, since the inductance energy is 
not discharged through the load (unlike the conventional 
topology pulse falling edge in Fig. 10(c)), the falling edge 
time of the pulse current is reduced. Fig. 10(c) shows that 
there is no inductor energy feedback, the inductor energy is 
discharged through the load, and with time constant τ = L⁄RL, 
the simulation falling time is approximately 119.4 µs which is 
much larger than the time of current falling edge when energy 
feedback occurs.

B. Experiment Verification 

To evaluate the performance of the proposed MIEF-PPS 
and the control method, an experiment was performed using 
a laboratory prototype based on the specifications listed 
in Table I and a compared a conventional topology. The 
controller was digitally implemented with a TMS320F28377D 
from Texas Instruments. The interleaved circuit was designed 
by a high-frequency SiC MOSFET and pulse forming circuit 
with low switching frequency used in IGBT modules. Only 
dual-interleaved topology was used to verify the correctness 
of the proposed topology and the control algorithm. For the 
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future consideration of high-power designs, the parameter 
redundancy of the prototype design is high, but has a negligible 
effect on the verification of the principle. 

To verify the operation of the proposed topology, the main 
waveforms in a pulse period were measured, as shown 
in Fig. 11. The activation gate signals of MIEF-PPS, which 
correspond to Fig. 5, as shown in Fig. 11(a). The inductor is 
charged while vgQ1 is at a high level, and vgQ2 is low. The proposed 
pre-charge PWM control and interleaving control results in the 
final waveforms shown in Fig. 11(b). iL1 and iL2 are the branch 
inductor currents of MIEF-PPS, respectively. It is shown that 
inductors are charged by fixed duty rate gate signals. Fig. 11(c) 
shows the waveform of a pulse output current related to the 
inductor current and low-frequency pulse control gate signals. 

Pre-charge stage waveforms were measured and amplified, 
as shown in Fig. 11(c). The proposed pre-charge PWM control 
was applied, and M equals to 7 as calculated by (15). From 
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Fig. 11.  Experiment results for the proposed topology at one pulse cycle. (a) 
Gate signals for switches. (b) Inductor currents and drive waveforms under 
interleaving control. (c) Waveform of pulse output current related to inductor 
current and impulse control.
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Fig. 11(c), the inductor current of each phase is approximately 
charged to its reference current by using pre-charge control and 
the feasibility and availability of this method are illustrated. It 
also shows that there is an interruption in the cycle delay (20 
µs) between gate signal vgQ1 and inductor current due to digital 
loop control, but a negligible effect on pre-charge control. 
Fig. 11(c) shows current in a steady state of the pulse flat-top 
interval. As shown, the inductor current ripple and the output 
current ripple are approximately 4.6 A and 2.4 A, respectively, 
showing a better performance of current reduction by using 
interleaving technology. It also shows transient waveforms at 
the start of pulse discharge, showing that the output current 
needs some control period to reach its given current, which 
is related to the digital control design and compensator 
parameters. This paper highly focuses more on topology 
innovation, impulse response speed and steady-state current, 
and will also study transient problems in the future. 

Fig. 12 shows the proposed topology output current rising 
time and pulse-end stage waveforms in detail. From the simula-
tion results in Fig. 9 and experiment results in Figs. 11 and 12, 
it is seen, that the performance of the proposed topology for 
both results almost equals. Fig. 12(a) shows the zoomed-in 
sections of Fig. 11(c) at the pulse leading edge. As shown, the 
rising time of output pulse current io is approximately 3.4 µs 
less than 20 µs, illustrating a better performance in the current 
respond speed. Fig. 12(b) shows the key waveform of the 
inductor energy feedback at the end of the pulse. The symbol 
vce_Q2 is the voltage across switch Q2. As shown, the voltage 
vce_Q2 is changed to vin at the pulse end, which indicates that the 
inductor’s energy is feed back to Cs from the diode Dq3. When 
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Fig. 12.  Pulse leading and fall edge waveforms of MIEF-PPS. (a) Pulse 
leading edge with inductor storage. (b) Pulse fall edge with energy feedback.

the inductor energy discharged is completed, the voltage vce_Q2 of 
Q2 approximately stabilizes to half of the input voltage vin due 
to the series connection of diode Dq1 and Dq3.

Fig. 13 shows the conventional topology (Fig. 2(b)) output 
current rising time and falling time waveforms in detail. 
Compared with simulation results in Fig. 10, it is shown that 
the rising and falling time are almost equal. Fig. 13(a) shows 
zoomed-in sections of the waveform at the pulse leading edge. 
As shown, the rising time of output pulse current is approximately 
122.4 µs which is much longer than the proposed topology 
pulse rising time of 3.4 µs. Fig. 13(b) shows zoomed-in 
sections of the waveform at the pulse falling edge. As shown, 
the falling time of output pulse current ib_o is approximately 
120.8 µs that is much longer than the proposed topology. 
Comparing Figs. 12 and 13, indicates that the proposed 
topology has improved the transient response of the pulse 
current. Moreover, the short falling time means that extra 
energy is saved. 

V. Conclusion 
This paper proposed a switched mode multiphase interleaved 

pulsed power supply topology with energy recovery and 
inductive storage based on the interleaved buck converter and 
pulse forming concept. The proposed topology was configured 
as a hybrid combination of interleaved buck topology and 
multiple switches, which connected to the load. The proposed 
topology improves the pulse current response speed and 
reduces the output current ripple with the pre-charge control 
method and interleaved technology. In addition, it showed 

(a)  

 
(b)  

Fig. 13.  Pulse leading and falling edge waveforms of conventional topology. (a) 
Pulse leading edge. (b) Pulse fall edge.
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an energy recovery capability and achieved a fast falling 
edge when in the pulse end state. The features and operation 
principles of the proposed topology have been described in 
detail. The overall schematic was presented, and its control 
method was briefly discussed. A 360 W prototype driver was 
implemented and tested. The obtained experimental results 
verified the operation and performance levels of the proposed 
topology. 
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