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MULTI–CHANNEL ADJUSTABLE DC POWER SUPPLY WITH
SINGLE TRANSFORMER BASED ON SPECTRAL SEPARATION

Zhang Benfeng — Li Huafeng — Li Sunan
∗

To meet the need of multi-channel DC power supply to activate multiple macro fiber composite (MFC) material
simultaneously, a novel multi-channel adjustable DC supply using single-input single-output transformer based on spectral
separation is proposed. A hybrid signal containing multiple frequency bands is boosted to obtain a high-voltage signal
without bands change. Several frequency selection circuits are then used to separate individual signals in different frequency
band from the high-voltage signal. Finally, these signals are rectified and filtered respectively to obtain multiple channel
DC voltages. The feasibility of the proposed scheme is analyzed theoretically and verified by simulation. The hybrid signal
containing multiple frequency bands is constructed by MCU (Micro Control Unit) and boosted using push-pull boost circuit.
Low-pass, band-pass and high-pass frequency selection circuits are used to obtain the individual high-voltage signal in
different frequency bands, and the amplitude frequency response characteristics of these filters are simulated using PSpice.
Experimental results prove that each part of the scheme runs reliable and the output is stable and adjustable.
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1 INTRODUCTION

Piezoelectric fiber composites, also known as macro
fiber composite (MFC) material, are compounded by the
piezoelectric fiber and the resin matrix according to cer-

tain compositional ratio, spatial geometric distribution
and connectivity method. MFC has the dual advantages
of the piezoelectric ceramics and polymers by mutually

gluing the rectangular piezoelectric fiber and interdigi-
tated electrodes. Compared to traditional piezoelectric
material, higher requirements on the drive signal for MFC

are put forward [1-2]. MFC often requires different value
DC power supply to drive, because its positive and neg-
ative withstand voltage are different. In addition, in the

MFC application system, multiple MFCs are stimulated
simultaneously. The demand of DC power supply will be
greater.

To meet the need of a variety of DC power supplies,
people tend to use several separate DC / DC power sup-
plies to power electrical equipment. The method is sim-

ple in design, but the cost is higher and the circuit is
much more complex. In addition, the bulk and weigh

of power supply system are increased greatly. There-
fore, multiple-output converter technology constantly
attracts people’s attention. Traditional multi-channel
output converter topologies include: single transformer
multi-winding multi-output technology, coupled inductor
multiple-output technology, magnetic amplifier rear ad-
justment technology, synchronous switch rear adjustment
technology [3]. These topologies have many shortcomings,
such as: cross-regulation, mutual interference, bigger loss,
narrow range of adjustment, which limit the development
of multiple output DC power supply.

In this paper, a novel scheme of multi-channel ad-
justable DC power supply based on spectral separation
using single-input single-output transformer is proposed.
A hybrid signal containing multiple frequency bands is
boosted to obtain a high-voltage signal without bands
change. The signal in each frequency band is then ex-
tracted through the corresponding filter circuits and rec-
tified to get multiple DC using rectifier filter finally. Each
DC voltage can be adjusted separately by changing the
corresponding duty cycle of the signal in each frequency
band. This is the principle of multi-channel independently
adjustable DC power supply using transformer.

Fig. 1. Block diagram of the system
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Fig. 2. The waveforms of signals fa(t), fb(t), fc(t) and fd(t)

Fig. 3. The spectra of signals fa(t), fb(t), fc(t) and fd(t)

2 SYSTEM COSTITUTION

According to the principle of the multi-channel DC

power supply, a multi-channel DC power supply is shown

in Fig. 1.

As mentioned above, this scheme is based on spectral

separation technology. The third generation embedded

MCU of cypress is used as signal generating and function

control unit [4]. It also includes push-pull boost circuit,

high-pass filter, band-pass filter, low-pass filter and three

rectifier filters. In the system, MCU is used to generate a

hybrid signal containing multiple frequency bands which

is input push-pull boost circuit and is boosted by trans-

former boost circuit to get a high-voltage signal without

bands change [5-6]. Then, the high-voltage signal is re-

spectively input high-pass filter, band-pass filter and low-
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Fig. 4. The filter circuit and the frequency response curves of filters

pass filter to extract the signal in each frequency band.
Finally, the signals extracted by the filters are rectified
and filtered to get multiple DC using rectifier filters.

2.1 Construction of multiple frequency bands

driving signal

The core of the multi-channel DC power supply is to
construct a hybrid signal, which is a linear superposition
of a few signals in several different frequency bands. Sup-
pose signal f0(t) is a linear superposition

f0(t) = f1(t) + f2(t) + · · ·+ fn(t) (1)

Furthermore, the power spectra of f1(t)+f2(t)+· · ·+fn(t)
are in different frequency bands and there is no band
overlap between these signals.

Applying Fourier transform Fn(ω) =
+∞∫

−∞

fn(t)e
−jωtdt

on both sides of (1) we get

F0(ω) = F1(ω) + F2(ω) + · · · · · ·+ Fn(ω) (2)

In this manner the signal shown in Fig. 2 (a) is con-
structed, as a linear superposition of the signals shown in
Fig. 2 (b), (c) and (d). Their spectra are shown in Fig. 3
(a), (b), (c) and (d). According to Fig. 3, we see that the
spectrum of signals fb(t),fc(t) and fd(t) are in differ-
ent frequency bands. In addition, the spectrum of fa(t)
is the linear superposition of the spectra of signals fb(t),

fc(t) and fd(t) . Therefore, theory and simulation can be

verified each other, mutually.

Signal fa(t) is the input of a push-pull boost circuit to

get a high-voltage waveform. Then, the high-voltage sig-

nal is respectively input of a high-pass filter, band-pass

filter and low-pass filter to extract the signal in each fre-

quency band. Finally, the signal extracted by filters is re-

spectively input of a rectifier filter circuit to get multiple

DC. Each DC voltage can be adjusted separately when

the corresponding duty cycle of each signal is changed.

Because the interference between each two bands is small,

DC voltage can be changed by changing the correspond-

ing duty cycle of signals fb(t),fc(t) and fd(t) without

the problem of cross-regulation.

2.2 Boost circuit

In order to get a high-voltage signal, the signal needs

to be boosted. Linear amplification circuit is much more

complex and less efficient, and push-pull boost circuit is

simple, therefore it is chosen in this project [7].

In addition, the design of transformer needs more at-

tention. Since the spectrum of signal fa(t) is mainly in

three frequency bands, in order to ensure that the trans-

former is suitable for signal fb(t), fc(t) and fd(t), it

should be designed according to the lowest frequency

band [8].
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Fig. 5. The output waveform of PSoC3 Fig. 6. The output waveform of transformer

Fig. 7. The output waveforms of filters and DC waveforms for each filter

2.3 Spectral separation circuit

Spectral separation is a key part of the system. In the
system, filters are used to achieve spectral separation.

Since the filtered signal is a high voltage, LC passive filter
is used rather than an active circuit [9].

To filter three signals, low-pass, band-pass and high-
pass filters were designed. The main frequency bands of
signal fb(t), fc(t) and fd(t) are located in (0-38) kHz,

(78-119) kHz, (176-219) kHz respectively. The interval be-
tween each two adjacent frequency bands is small. In or-

der to get better filtering performance, 5-th order Cheby-
shev filter are adopted for both high-pass and low-pass

filter, and 3-rd order Chebyshev filter for band-pass fil-

ter. Figure 4(a) shows the circuits of these filters. In order

to examine the filtering performance of the filters, the fre-

quency response characteristics of the filters are simulated

using PSpice [10]. The input is a sine signal with 10V

peak to peak, the frequency response results are shown

in Fig. 4 (b), (c) and (d). According to these figures, the

cut-off frequency of low-pass filter is 60 kHz, the cut-off

frequencies of band-pass filter are 70 kHz and 130 kHz,

and the cut-off frequency of high-pass filter is 158 kHz.

Therefore, these filters have good filtering performance

and meet spectral separation requirements.

The rectifier circuit used here is full-bridge circuit, and

a capacitor is used to filter the signal to get DC power[11].
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3 EXPERIMENTAL RESULTS

In order to prove the feasibility of the scheme,we built
the entire system and made some experiments. The drive
waveforms for the push-pull MOSFETS, which were gen-
erated by MCU [12-13] are shown in Fig. 5. The high-
voltage signal after the amplification by transformer is
shown in Fig.6. Then, the high voltage signal after pass-
ing respective low-pass, band-pass and high-pass filters
are shown in Fig. 7 (a), (b) and (c). In order to obtain
DC finally, these signals are input of a rectifier filter cir-
cuit to get the three DC voltages, as shown in Fig. 7
(d), (e) and (f). According to the experimental results,
DC outputs of the system have small ripple and meet the
requirements.

4 CONCLUSIONS

In this paper, a novel scheme of multi-channel ad-
justable DC supply with single transformer based on spec-
trum separation was proposed. A hybrid signal contain-
ing multiple frequency bands is boosted to obtain a high-
voltage signal. The signal in each frequency band is then
extracted through the filter circuits and rectified to get
three DC using rectifier filter finally. The associated cir-
cuits have been built and the entire system is verified
by testing. Experimental results prove that the scheme is
feasible and meets the requirements of multi-channel DC
power. Theory and simulation both prove the feasibility
of the scheme.
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