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Abstract: A new high efficiency and low profile on-board
DC/DC converter for digital car audio amplifier is proposed. The
proposed converter shows the continuous input current, no DC
excitation current of the transformer, the minimized
electro-magnetic interference (EMI), no output inductor, and the
low voltage stress of the secondary rectifier diodes. The 60W
industrial sample of the proposed converter is implemented for
digital car audio amplifier and the measured efficiency is 88.3% at
nominal input voltage.

1. Introduction

Generally, the analog audio amplifier has excellent
distortion characteristics, but shows the considerably low
efficiency and needs the bulky heat sinks for cooling. On the
other hand, the digital audio amplifier has the high efficiency
and the compact size, but the relatively poor fidelity.
Nowadays, since the digital audio amplifier technology is
developed and its fidelity characteristics are improved as
reported in [1], it is applied to the compact car andio system.

Therefore, the high efficiency and low profile on-board
DC/DC converter is required for digital car audio amplifiers.
Among the previously proposed DC/DC converters, the boost
integrated half bridge (BHB) converter shown in Fig. 1 is
suitable for low voltage battery input applications, because

the converter has the continuous input current, Ijy, and the
boosted link voltage, Vi. In addition, the primary MOSFETs
are turned-on in zero-voltage-switching (ZVS) condition
[2-3]. However, the main disadvantages of the BHB converter
are the high DC excitation current of the transformer, the high
voltage stress and the large turn-off voltage oscillation of the
secondary rectifier diodes, the increased magnetic
components count, and the considerable freewheeling energy
in the transformer.

In this paper, to overcome these disadvantages of the BHB
converter, a new high efficiency and low profile on-board
DC/DC converter is proposed. The operational principles of
the proposed converter are analyzed and the advantages are
described. The 60W industrial sample for digital car audio
amplifier is implemented to verify the operational principles
and advantages of the proposed converter.

2. Principles of Operation

As shown in Fig. 2, the proposed converter is the
asymmetrically controlled half bridge converter integrated
with the boost converter as the front stage and with the
rectifier stage of the voltage doubler type.
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Fig. 2. Circuit diagram of the proposed converter
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Fig. 4. Key waveforms of the proposed converter

2.1 Mode Analysis

The proposed converter operates in four modes according
to the switching states of the primary MOSFETs and the
secondary diodes. The operational modes and the key
waveforms are presented in Fig. 3 and Fig. 4, respectively.

Mode 1 (M;, ty~t): When Qy is turned-on at to, mode 1
begins as shown in Fig. 3 a). The boost inductor current, Iy,
and the transformer primary current, I;x, flow through Qy,
and they are increased by Vs and [(Vi—Vy)-(Np/Ng)Vsal,
respectively. The transformer secondary current, Iggc, is
linearly increased flowing through Dg,, while Csy is charged
and Cgp is discharged.

Mode 2 (M, t;~t;): When Qy is turned-off, mode 2 begins
at t; as shown in Fig. 3 b). Iy and I;x flow through the body
diode of Q4. Since the value of V. is greater than that of Vs in
steady-state, I v is steeply decreased with the current slope of
(Vs-VL)/Li. Ik is also linearly decreased with the current
slope of [(-Viy)~(Np/Ng)Vsal/Lx. Isec flows through Dgs and
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b) Waveforms of Switching Components

linearly decreases, while Csa is charged and Cgp is
discharged.

Mode 3 (M;, tyt3): When the commutation of the
secondary diodes currents is completed, i.e. Dg, is turned-off
and Dgg is conducting, mode 3 begins at t, as shown in Fig. 3
¢). As the same of mode 2, Iy still flows to DC link capacitor,
C., with the current slope of (Vs-V)/L through the body
diode of Qa. Ik flows through Q,, and is decreased with the
current slope of [(-Vy)+(Np/Ns)Vsp)/Lk. Isgc flows through
Dsg and linearly decreases, while Cg, is discharged and Csp is
charged.

Mode 4 (M, t3~ty"): When Q, is turned-off at t3, mode 4
begins as shown in Fig. 3 d). I flows through Qy with the
current slope of Vg/Lp. After the voltage across Cy is
decreased to 0V, I ¢ flows through the body diode of Qy. In
addition, I;x is linearly increased with the current slope of
[(Vi-Vi)+(Np/Ng)Vsp)/Lg. Isec flows through Dsp and
linearly decreases, while Csa is discharged and Cgp is
charged.
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2.2 Input-Output Voitage Conversion Ratio

In order to derive the output voltage equation, it is assumed
that VL, VH, VSA, VSBs and Vo are constant durmg the
switching period. Since the time intervals of mode 2 and mode
4 are much smaller than the switching period, these modes can
be disregarded for the simplicity of the analysis. By applying
the voltage'second product equations on Ly, Lk, and Ly
during one switching period, the following equations can be
easily obtained.

1

V.= ™ DVS oy
D

Vy = 1 DVs @

V., =(1-D)V, (3)

Vg =DV, “

where D is the duty ratio of Qy. Since the output load current
equals to the half of the average value of the absolute
transformer secondary current, it is given by

L= Mol f L LNy nap)y, ()
4F; Ny Ly Ly )N

where Fg is the sw1tchmg frequency. By substituting the
equations (1), (2), (3), and (4) for (5), the input-output voltage
conversion ratio can be obtained as follows.
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The input-output voltage conversion ratio is plotted as a

function of the duty ratio D in Fig. 5 in the condition of Np/Ng
=1, Ly = 100uH, Ly = 2uH, Fs = 100kHz, and Rp = 12Q.

2.3 Advantages of Proposed Converter

The advantages of the proposed converter are as follows:
i) The BHB converter has DC offset of the transformer
magnetizing current given by

N v,
DC ExcitationCurrent =1, ,. =—*(1-2D)—2, (7)
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Fig. 5. Input-output voltage conversion ratio

where Ng = Ng; = Ns;. On the other hand, the proposed
converter has no DC offset of the transformer magnetizing
current due to the series-connected DC blocking capacitors,
Cuy, Csa, and Cgp. As a result, since the optimal flux design of
the transformer core is possible, the size of the transformer
can be minimized or heat of the transformer can be greatly
reduced.

i) The voltage stress of secondary diodes, Dg; and Dy, in
the BHB converter is given by

N
Vo, =255V =Vo/1-D),  (§)

V4

Voltage Stress of Dy, =

Voltage Stress of Ds, =V, = 2%5—(V,_ -Vy)=V,/D, (9)
P

where Ng = Ng; = Ng,. Therefore, the voltage stress of Dy,
increases at the high input voltage and light load condition.
On the other hand, in the proposed converter, the voltage
stresses of the secondary rectifier diodes, Dga and Dgg, are
always clamped to the output voltage Vg regardless of the
duty ratio D as follows.

Voltage Stress of Dy, =V, =V,

=V0

(10)
an

The voltage stresses, normalized by Vo, of the secondary
diodes in both converters as functions of the duty ratio D are
shown in Fig. 6.

iii) In the conventional BHB converter, the serious voltage
ringing exist in the secondary diodes. Thus, RC snubber or
transient-voltage-suppressor (TVS) has to be used, which
deteriorated the efficiency. On the other hand, since the
secondary diodes of the proposed converter are turned-off in
zero-current-switching (ZCS) condition, the turn-off voltage
oscillation is very small. Therefore, since there is no necessity
for use of the snubbers, the high efficiency of the proposed
converter can be obtained.

iv) Since the proposed converter has no output inductor, the
reduced conduction loss can be obtained, and desirable for
low cost.
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Fig. 6. Normalized voltage stress of the secondary diodes
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v) In the BHB converter, the non-power-transfer time
interval exits due to the commutation of Dg; and Dg,. Thus,
the effective duty ratio, Dy, is decreased in the BHB
converter as the following equation.

- Ne(1, 1
D, =D-2L. 1, F; NP(VH +VL_VHJ (12)
On the other hand, the proposed converter always transfers
the power of the primary stage to the secondary stage in the
overall switching period and has no freewheeling energy.
Thus, the high efficiency can be obtained without large
circulating energy losses in the proposed converter.

vi) Since the primary MOSFETs, Qy and Qa, of the
proposed converter are turned-on in ZVS condition, the
switching loss can be minimized.

vii) Since the input current is continuous, the proposed
converter has the minimized input filter.

Although the current stresses of the secondary diodes in the
proposed converter are rather large compared with that in the
conventional BHB converter, the proposed converter has the
high efficiency due to the minimized conduction and
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Fig. 7. Circuit diagram of 60W sample for digital car audio amplifier

The design specifications of the sample are shown in Table
1, and the circuit parameters and components are selected as
Table 2. The input current is continuous and its waveform at
nominal input voltage is shown in Fig. 10. Fig. 11 shows the
transformer primary current, I;x. Fig. 12 shows the output
voltages of +18V and —18V with greatly reduced output
voltage ripples. The switching waveforms of the proposed
converter at minimum and maximum input voltages are
presented in Fig. 13 and Fig. 14, respectively.

Fig. 9. Photograph of 60W sample for digital car audio amplifier

switching losses. Furthermore, the proposed converter shows
the desirable features such as high power density and low
profile due to the reduced count and size of magnetic
components. In addition, the proposed converter has the low
EMI due to the wide ZVS range of the primary MOSFETs,
and ZCS turn-off of the secondary diodes.

3. Experimental Results

To verify the operational principles and the feasibility of
the proposed converter, the 60W industrial sample of the
proposed converter is implemented by employing the metal
printed-circuit-board (PCB) for digital car audio amplifier.
The circuit diagram and control scheme of the proposed
system are shown in Fig. 7 and Fig. 8, respectively. As can be
seen in Fig. 7, the proposed converter produces + 18V and
1 8V for power supply of power stage and controller of the
digital car audio amplifier, respectively. The dimension of the
industrial sample is 129(L)x48(W)x13(H) [mm] and its
photograph is presented in Fig. 9.

Q+18V
Digital
Car
Audio
Amplifier

Audio Amplifier
Controller

Ces2 :I: Cozn

Table 1. Design Specification for Digital Audio Amplifier

10V ~ 16V, 12V Nominal
+18V(1.5A) and ~18V(1.5A)
+8V(0.4A) and ~8V(0.4A)
60W
100kHz

Input Voltage, Vg
Output Voltage, Vo
Auxiliary Output Voltage, Voa
Maximum Output Power, Po max
Switching Frequency, Fs

Table 2. Circuit Parameters for Digital Audio Amplifier

Lin 50pH, EPC17 (TDK)
CL 100pF, 35V, Electrolytic, 2EA
Cu 22uF, 25V, MLCC, 2EA
Csat, Csai, Csaz, Csma 222211;_,’ 2255\\// I\’l/"[;ft:a(l:
Co1, Coz 470uF, 35V, Electrolytic, 2EA
COA1, COA2 10uF,16V, MLCC
PQ2610 (Magnetics)
T Ly = 100pH, Ly = 2pH
Np=3,Ng;1=3,Ns2=3
Qm IRF1104S, D2-Pak
Qa IRFR3504, D-Pak
Dsat. Dsp1, Dsaz, Dsg2 12CWQO3FN, D-Pak
Up UA78MO08C, D-Pak
U UA79MO08C, D-Pak
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Fig. 12. Waveforms of output voltages at Vs = 10V at Vs =16V

As can be seen in these figures, the switches, Qy and Q4 are
turned-on in the ZVS condition and the secondary rectifier
diodes are turned-off in ZCS condition. In addition, the
voltage stress of the secondary rectifier diodes is clamped to
the output voltage and the voltage oscillation is considerably
small without the snubbers. The measured efficiencies of the
proposed converter and the BHB converter are compared in
Fig. 15. At nominal input voltage, the efficiency of the
proposed converter is 88.3% and that of the BHB converter
84.8%. As can be seen in Fig. 15, the proposed converter
shows higher efficiency than the conventional BHB
converter.

4. Conclusion

In this paper, a new high efficiency and low profile
on-board DC/DC converter for digital car audio amplifier is
proposed. The proposed converter shows no DC excitation
current of transformer, the low voltage stress and ZCS
turn-off of the secondary diodes, and no output inductor.
Furthermore, the proposed converter shows the wide ZVS
range of the primary MOSFETs and the continuous input
current. The operational principles of the proposed converter
are analyzed and the advantages are described. The 60W
industrial sample of the proposed converter is implemented
for digital car audio amplifier to confirm the advantages of the
proposed converter. The measured efficiency of the proposed
converter is 88.3% at nominal input voltage and it is higher
than that of the BHB converter. The proposed converter is
expected to be suitable for the high efficiency and low profile
on-board DC/DC converter for digital car audio amplifier.
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Fig. 15. Measured efficiencies
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