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Abstract— The current resonant type DC-DC converter employs 
generally the pulse frequency modulation and its magnetizing 
inductance is set relatively low.  For this reason, the magnetizing 
current through the converter causes a power loss under the light 
load condition. To solve this problem, a multi-oscillated current 
resonant type DC-DC converter has been proposed and   then the 
advantage of its control method has been clarified, which can 
reduce power loss under light load condition and keep low 
switching noise. This paper deals with a novel reduction strategy 
of standby power consumption of the converter. As a result, the 
standby power consumption under no load condition is achieved 
below 60mW at 100V AC input and 150mW at 240V AC input, 
respectively. Furthermore, it is clarified that the slope of the re-
sonant current envelope at soft start and end function in the 
standby mode influence the acoustic noise from the converter.  
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I.  INTRODUCTION 

The current resonant type DC-DC converter, which has ad-
vantage of high efficiency, low noise and small size, is used 
widely in consumer electronics, telecommunication systems 
and so forth [1-12].  The pulse frequency modulation (PFM) is 
employed generally in this type of converter [1-12]. However, 
this type of converter has deteriorated problems, in which a 
magnetizing current through the converter causes a loss of 
power under the light load condition. Also, it is difficult to re-
duce power consumption under no load condition i.e. in the 
standby mode. So, it is necessary to use another isolated con-
verter which is relatively large in order to reduce the standby 
mode power loss. 

 To solve these problems, a multi-oscillated current reso-
nant DC-DC converter has been proposed [13-18]. It has been 
clarified in recent some papers that the high power efficiency 
(maximum one over 96% in DC-DC section) is achieved under 
the condition from the light load by using the PWM and self-
oscillation [17, 18].  

This type converter has adopted the intermittently switch-
ing mode in the standby mode [15]. In generally, the function 
of intermittently switching is able to reduce power consump-
tion, but it has a problem with the acoustic noise compatibility. 

This paper presents a novel standby control strategy for the 
multi-oscillated current resonant DC-DC converter, which is 
superior to the former paper. Furthermore, the reduction of the 
power consumption in the standby mode is discussed with con-
sidering the acoustic noise compatibility. 

II. CIRCUIT CONFIGRATION 

Figure 1 and 2 show the proposed multi-oscillated current 
resonant DC-DC converter and the timing chart, respectively. 
This converter consists of a half-bridge circuit, whose switches 
Q1 and Q2 which consist of MOSFET, are operated by a multi-
oscillated current resonant driven by an IC with pulse-width 
modulation (PWM), and an auxiliary winding NP2 of the trans-
former, respectively. 

In this converter, a multi-chip power module which consists 
of a control IC and two MOSFETs into one package is adopted. 
Furthermore, a startup circuit which is connected to the input 
voltage of this converter is included in the control IC of this 
module. Therefore, PWB pattern is minimized than they are 
composed as all discrete devices. 

In the Fig. 1, an AC input is converted to DC voltage 
through the AC-DC rectifier bridge and PFC circuit which is 
normally used a PFC control IC in former step of this converter. 

The leakage inductance of transformer is included in Tr (It 
is omitted in the figure). In the secondary side, a sub DC-DC 
converter is added for supplying the voltage to the system con-
trol (e.g. CPU and its peripheral). This sub DC-DC converter is 
also used in the standby mode. It is important to note that the 
isolation element is unnecessary such as AC-DC converter, in 
which its size is very small and the circuit configuration is very 
simple.  
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Fig. 1 Circuit configuration 



 By applying a gate voltage to Q1 and Q2 at turn-on and 
turn-off, switching power losses are reduced due to the zero-
voltage switching (ZVS) and zero-current switching (ZCS). 

In the isolated transformer Tr, the primary winding NP1 is 
loosely coupled to the secondary windings NS1 and NS2, for in 
which the voltage of the leakage inductance is relatively large. 
Because of the resonant circuit with this leakage inductance 
and the resonant capacitor, the switching power losses of Q1 
and Q2 are reduced. 

A winding of transformer NP3 is added for timing detection 
of Q1. The polarity of this winding is opposite to NP2, which is 
used to drive Q2. Moreover, the control IC turns Q1 off before 
NP3 turns to negative. Therefore this converter prevents arm 
short automatically.  

In this converter, to realize the novel standby operation, the 
winding NP4 for the power supply VCC is coupled strongly to 
the secondary windings and it is electrically isolated from the 
secondary side. And the control IC detects the output voltage 
VO indirectly by observing VCC in the standby mode.  

In the normal operation, the input voltage for this converter 
is regulated to 400 V DC by PFC circuit. On the other hand, in 
the standby mode, the input voltage for this converter is varied 
from about 140 to 340 V DC in universal input because a pow-
er supply to the PFC circuit is turned off for reducing power 
consumption. 

III. OPERATION PRINCIPLE 

A. Basically Operating mode (Normal Mode) 

Figure 3 shows the equivalent circuits of the converter shown 
in Fig. 1, which is divided into eight behavior states. Taking 
into account the combination of the eight states of behavior, 
they are further divided into four operating modes [16]. 

Figure 4 shows the simulated waveforms of the current and 
voltage for the four operating modes. From the results, the op-

VQ1VQ2

0

IQ2IQ1

0

VP1

0

ID1 ID2

0

0

Dead time: Td

0

0

Feed back voltage

Comparison voltage

VGS(th)
VP2

VG2

VP3

state1
32

state4
5 6

t0 t1 t2 t3 t4 t5 t6

TS

VG1

VQ1VQ2

0

IQ2IQ1

0

VP1

0

ID1 ID2

0

0

Dead time: Td

0

0

Feed back voltage

Comparison voltage

VGS(th)
VP2

VG2

VP3

state1
32

state4
5 6

t0 t1 t2 t3 t4 t5 t6

TS

VG1

 
Fig. 2 Timing chart 
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Fig. 3 Equivalent circuits and operation states 
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erating modes appear in the order of I, II, III and IV when the 
load current is varied from the light load to the heavy load. 

The operating modes I and II mainly appear at light load. 
The energy in Cr is discharged when the Q1 turns off and Q2 
turns on, and charged by applying the output voltage Ed of the 
PFC when the Q1 turns on and Q2 turn off. Therefore, the ener-
gy is discharged to the secondary side through the transformer. 
However, because of the magnetizing inductance Lm is set rela-
tively large when there is shortage of the energy discharged 
from Cr, operating state 7 appears, in which there is no dis-
charging interval to the secondary side.  

In the mode III, a ripple is reduced and smoothed by the 
leakage inductance Ll2 of the secondary winding and the output 
capacitor Co because the current flows continuously through D1 
and D2, alternately.  

The Mode IV appears when the duty ratio is almost over 
50 %. In this mode, the state 8 appear where the power is not 
applied to the secondary side even when Q1 turns on. 

B. Standby Mode 

Figure 5 shows block diagram of control circuit that is re-
lated to standby function and figure 6 shows the on period of 
Q1 characteristic. In the standby mode, voltage VCS of a capaci-
tor CCS determines the on period of Q1. 

Figure 7 shows the timing chart of standby mode. In the 
standby mode, the system control in the secondary side releases 
the pulled-up connection to the reference voltage of the control 
IC (approximately 5V). Then the control IC discharges CCS 
with constant current ICS, so the on-period of Q1 is narrowed 
gradually as VCS is decreasing, then stops switching in time 
(soft-end function). 

When switching is stopped, supplying to the voltage of the 
control IC’s power supply VCC is also stopped, and then this 
voltage is reduced gradually by the power consumption of IC. 
And the output voltage VO is also reduced by the power con-
sumption of the secondary side, but the output voltage VOsub for 
the system control of the secondary side is stabilized by the 
DC-DC converter in the secondary side. 

If VCC becomes under the threshold voltage of VBL, the con-
trol IC starts charging CCS by constant current ICS and starts 
switching with the on period of Q1 limited by VCS (soft-start 
function). 

As the switching is restarted, VCC and VO are increased. 
When VCC reaches the threshold voltage of VBH, the control IC 
changes to soft-end function. 

That is, this converter operates in intermittently switching 
with soft-start and soft-end function. The on period of Q1 and 
the peak of the resonant current increases and decrease gradual-
ly. And the slope of the resonant current envelope ICrp/t is 
able to be adjusted with CCS. 

Therefore, this function is expected to suppress acoustic 
noise because it is known that a drastic change of a current 
through the transformer causes an acoustic noise [15].  
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 Fig. 5 Block diagram of control circuit  
(Related to standby function) 
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Fig. 6 On period of Q1 characteristic 
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In the standby mode, as mentioned, VCC is regulated ap-
proximately between VBL and VBH. Because the coupling be-
tween the winding NS1, NS2 and NP4 is strongly, the output vol-
tage of VO is proportional to the VCC. So the output voltage 
VOstb in the standby state is given as: 

CC
NP

NS
Ostb V

T

T
V 










4

1     (1) 

21 NSNS TT       (2) 

where, TNS1 , TNS2 and TNP4 are the winding number of NS1, NS2 and NP4. 

To reduce standby power consumption in the secondary 
side, the maximum output voltage in the standby mode VOstbmax 
must be lower than the output voltage rating VOtyp in the nor-
mal operation, and given as: 

OtypBH
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T
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1
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   (3) 

In addition, the minimum output voltage in the standby 
state VOstbmin must be higher than the minimum allowable input 
voltage of the secondary DC-DC converter VOdcin so as to 
supply voltage continually to the system control. 

OdcinOstb VV min
    (4) 

VOstbmin is represented using PSstb which is power consump-
tion in the secondary side in the standby mode. 

 offtsbSstb
CO

stbOOstb tP
C

VV 
22

maxmin
  (5) 

where, CCO is the capacitance of the output capacitor, toffstb is 
suspended period of intermittently switching in the standby 
mode and it is nearly equal with the fall time from VBH to VBL 
in VCC. In this period, the control IC consumes almost constant 
current ICCstb from the capacitor CVCC which is connected with 
NP4 winding. Therefore, toffstb is given as: 

VCC
CCstb

BLBH
offstb C

I

VV
t 




)(    (6) 

where, CVCC is the capacitance of VCC. 

IV. STANDBY POWER CHARACTERISTICS 

A. Standby power consumption characteristics 

Figure 8 shows experimental results of the power consump-
tion characteristics. The experimental conditions are as follows: 
Input voltage Vin(ac)  = 100V-240V, Output voltage rating VOtyp=24V, 
Output Rating Po(typ.) = 144W, Resonant Capacitor Cr=22nF, Reso-
nant Inductance Lr= 320uH, Magnetizing Inductance Lm=1.8mH, 
Winding ratio of Tr TNP1: TNS1 (=TNS2): TNP2: TNP3:TNP4 = 59: 8: 5: 6: 6, 
Capacitance of the output CCO=2200uF, Capacitance connected to 
VCC winding CVCC =470uF, Capacitance at CS terminal CCS = 
0.56uF – 2uF, Charge and discharge current from CS terminal 
ICS=�100uA 

It is confirmed that the standby power consumption Pin un-
der no load condition i.e. 0 mW of the output power PO is be-
low 60mW at 100V AC input and 150mW at 240V AC input, 
respectively. When the PO is 50mW under the light load condi-
tion, Pin is below 150mW and 250mW at 100V and 240V AC 
input, respectively. 
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Fig. 8 Standby power consumption characteristics 
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B. Acoustic noise characteristics 

Figure 9 shows the switching waveforms in the standby 
mode. In Fig.9 (b), the horizontal axis is enlarged 100 times. It 
is seen in this figure that the peak of ICr is increased gradually 
as VCs is increased in the soft-start and soft-end function. And 
the slope of the resonant current envelope ICrp/t is deter-
mined by the slope of VCs. 

Figure 10 shows experimental result of the sound pressure 
level characteristics, taking frequency of the acoustic noise fA 
as a parameter. The measurement values are adopted the A-
weighted sound pressure level considering the equal loudness 
contour. These frequencies fA are selected from major 3 peaks 
of measured data. The measurement value of acoustic noise is 
represented as LApeak. In Fig.10, it is confirmed that the A-
weighted sound pressure i.e. acoustic noise from this converter 
becomes large with increase in ICrp / t. And the sound pres-
sure level of the acoustic noise below 17dB at 100V AC input 
and 24dB at 240V AC input respectively is achieved.  

V. CONCLUSION 

Considering the acoustic noise compatibility, a novel reduc-
tion strategy of the standby power consumption is proposed 
and examined in the multi-oscillated current resonant DC-DC 
converter. As a result, this paper is conclude as follows, 

(1) This converter is controlled by a combination of self-
oscillation and a separated oscillation. 

(2) This converter has eight states and four operating modes. 

(3) In the novel standby control method, output voltage is con-
trolled indirectly using the winding of the power supply 
for the control IC, which is coupled strongly to the sec-
ondary windings.  

(4) In this converter, the standby power consumption below 
60mW at 100V AC input and 150mW at 240VAC input at 
the no load respectively is achieved. 

(5) The slope of the resonant current envelope ICrp / t at the 
soft start and soft end function affects the A-weighted 
sound pressure i.e. acoustic noise from the converter. 

(6) The sound pressure level of the acoustic noise below 17dB 
at 100V AC input and 24dB at 240V AC input respective-
ly is achieved. 

Optimization and analysis of the characteristics of standby 
mode, and more detail analysis of acoustic noise will be re-
ported in our next paper. 
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