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Abstract— In general, a Quasi-Resonant Converter (QRC) 

shows lower EMI and higher power conversion efficiency 

compared to the conventional hard switched converter. This 

paper is design & development resonant converter using 

planar transformer with high switching frequency. The 

converter switching frequency needs to be increased to 

reduce passive component size and hence miniaturize 

electronic hardware. This can only be implemented with (a) 

soft-switching of power devices (b) Reduction in noise and 

EMI problems, & (c) Reduced heat dissipation of power 

components. Resonant converters fulfill all these 

requirements for realization of a high switching frequency 

converter. This resonant converter is required to operate 

from a low input bus such as 26V to 42V, to maintain 

primary and secondary isolation, to provide multiple 

outputs, and to sustain high efficiency operation. 

Keywords: Resonant Converte;Resonant Tank; Zero 

Volatage Switching(ZVS);Planar Magnetic; Multi-Stage 

EMI Filter. 

I. INTRODUCTION 

Multiple-output DC-DC converters which provide several 

regulated and isolated outputs are widely used in power 

electronics , but the size and weight of the power supply will 

increase considerably if conventional pulse width- 

modulated (PWM) converters are used for this purpose. The 

size and weight of the power supplies will thereby be 

reduced and the associated problems of switching losses, 

radio-frequency interference and electromagnetic 

interference (EMI) and acoustic noise will be solved. The 

output voltage of DC-DC converters may fluctuate because 

of supply variations and load disturbances. The two general 

approaches to control the output voltage fluctuations are 

voltage control mode and  current control mode. The switch 

current is decreased to zero with resonant, and then 

switching signal is off to turn-off the switching device. 

Thus, switching loss could be significantly decreased with 

ZCS. In ZVS technique, the voltage on the switch is forced 

to be zero with resonant before turn-on.(6). Planar 

transformers offer efficient operation at high switching 

frequencies, typically reaching 97% efficiency at switching 

frequencies through 500 kHz. Their maximum operating 

frequency can reach as high as 1 MHz (with low flux 

density). The flat windings are the key to their high 

efficiency and high-frequency operation. The windings also 

greatly improve the device's power-density capabilities. 

planar transformer have other advantages like (a) ) 

Significantly reduced height (low profile), (b) Greater 

surface areas, resulting in improved heat dissipation 

capability, (c) Greater magnetic cross section area, enabling 

fewer turns (d) smaller winding area, (e) lower leakage  

inductance resulting from fewer turns and interleaved 

windings, (e) less AC winding resistance, (f) excellent  

reproducibility,(16) enabled by winding structure. Wide 

proven technology of planar magnetic (PM) is available in 

the standard industry. But designing a planar transformer, 

using PCB as windings in magnetic core, following space 

qualified standards for PCB layout is a challenge.  

This paper introduces ZVS Quasi Resonant Converter using 

planar transformer & also cascade EMI filter at low  output 

voltage, 350khz switching frequency. The topology provides 

Zero power “Lossless” switching transitions, Can 

incorporate parasitic circuit and component L & C, low 

transistor voltage stress, and requires small passive  

components, allowing for small, Reduced EMI / RFI at 

transitions size and very fast transient response. 

II. DESIGN OVERVIEW 

The main function of this converter is to convert the primary 

power input to two conditioned secondary output  rails (one 

positive & one negative). The block diagram is shown in 

Fig. 1. 

 

Fig. 1: Block schematic of a typical Power converter 

Power converter provides main power output 

voltages consisting of input EMI filter, Isolated forward 

converter  and PWM converter at secondary side, Isolated 

MOSFET gate drive. Main power converter uses Quasi 

resonant converter to provide 8V @ 1.5A and -5V @ 

500mA. Tight  regulation with good efficiency achieved by 

the post regulator implemented at secondary side of +8V @ 

1.5A  output and -5V @ 500mA output through voltage 

mode techniques. Forward converter used in power 

converter to provide auxiliary output voltages and 12V @ 

50 mA. Linear post regulator implemented at 12V@50 mA 

output for load regulation and accuracy. 

Sr.no parameter 

1. Input voltage 26-42 V 

2. Output voltage 8V/1.5A & -5V/500mA 

3. 
Switching 

frequency 
500 KHz 

4. Voltage ripple 20mVpk-pk 

5. Efficiency 70% 

6. Topology Quasi resonant converter with 
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forward topology 

7. Feedback direct feedback 

Table. 1: summarizes the major specifications 

III. RESONANT CONVERTER WITH PLANAR TRANSFORMER 

A. Multi-stage input filter 

Multiple L-C filter sections allow higher attenuation at 

higher frequencies with less volume and weight than single 

section L-C filter, because if the number of single 

components is increased, it allows the use of smaller 

inductance and capacitance values [1]. Fig. 2 shows 

differential mode filter implemented in the EPC. Let us take 

rc1, rc2, rl1, rl2 as equivalent series resistances (ESR) of C1, 

C2, L1, L2 respectively(23). Then Output impedance of the 

input filter is given by: 

Z0 = 
[
   

   
  ]  

   

   
    

            (1) 

Where,           A = 
[         ] [        ]

[       ]         
      

                             B = 
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[         ] [        ]

[       ]         
 

D = 
          

    
 

 

Fig. 2: Differential Mode Filter 

Total theoretically calculated attenuation to be given by I/P 

filter at 300 kHz comes out to 57dB  according to MIL-

STD-461E EMI Standard.The incremental resistance of a 

constant-power load characteristic is negative; connection of 

this negative incremental resistance to an L-C input filter 

can lead to oscillation when the filter is insufficiently 

damped. Hence, damping of each L-C section is required to 

be optimized. Interactions between cascaded L- C sections 

can lead to additional resonances and increased filter output 

impedance. It is required to design a filter such that, the 

output impedance is approximately equal to the output 

impedance of the last stage, and resonances caused by 

interactions between cascaded L_C sections do not lead to 

additional resonances and increased filter output 

impedance.As per middle-brook criterion, the input filter 

does not significantly modify the converter loop gain if the 

output impedance curve of the input filter is far below the 

input impedance curve of the converter. The simulation 

result of the power supply input impedance and filter output 

impedance, meeting middle-brook criterion. 

B. Planar transformer and inductor 

Planar technology has superseded the bulky wire wound 

transformers by low profile ferrite flat cores encapsulated 

within multi-layer printed circuit boards (PCBs) .This leads 

to reduction in size and weight up to 60 %. 

1) Planar transformers 

Planar Magnetics (PM) feature a core with a larger cross 

section and windings that have a fewer number of turns -

compared to traditional magnetic components. PM windings 

are built from pre-tooled parts - copper foils built on PC 

boards or self-supported lead frames. Their unique, magnet-

wire-free structure ensures consistent performance and high 

reliability over long operating lifetimes. 

Four basic options are available for winding the 

planar transformer or inductor [5]: (a) Stacked printed 

circuit boards (b) Stand – alone multi – layer board (c) 

Integrated through – board (d) Wire. 

When using printed circuit windings, there are 

several benefits. Because the winding layout is fixed, and 

cannot vary in the way that convention windings do, the 

repeatability of performance from one unit to the next is 

very good. Leakage inductance and proximity effects are 

quite low. By interleaving windings (P-S-P), typical 

leakages are less than 0.1% of primary inductance.  

While designing the planar device the trade-off 

between copper losses and core losses is necessary to 

achieve the minimal magnetic losses. Planar geometries by 

their nature have smaller windows relative to the total 

device volume, so space for windings is at a premium. 

Using less number of turns allows lower copper losses but 

forces core to operate at higher flux density. High frequency 

core losses are very low because of winding geometry which 

allows high frequency current to spread across the board 

conductor surfaces facing each other.  

Planar geometries have a higher ratio of surface 

area to volume. They are literally spread out over a greater 

area, which is a favorable thermal situation. On average, the 

core and conductor material that is generating heat is closer 

to the surface; and there is much greater surface per unit of 

volume to radiate heat. 

a) Core Shape 

A good core shape for a planar transformer is such that the 

magnetic cross section area should be large in order to 

minimize the number of turns in the windings. Winding 

breadth “BW” should be as large as possible in order to 

minimize leakage inductance and to maximize the width of 

the copper traces (which are limited in effective thickness by 

skin depth and/or PC board plating considerations). The core 

should cover the winding as much as possible. The selected 

core is E-E ferrite core to get greater winding breadth. But 

the elongated rectangular center leg results in increased 

winding length which needs careful routing of winding 

traces and insulation thickness of multilayer PCB to mitigate 

the stray field and EMI effects. 

b) Winding consideration: 

The windings can easily be the greatest design challenge in 

a high frequency planar transformer. 

A wide winding breadth is essential, as it provides 

a wide surface area to minimize AC resistance. A wide 

winding breadth also reduces leakage inductance by 

reducing field intensity (force gradient=magnetizing force/ 

BW). A planar core actually provides less winding breadth 

than a comparable conventional core. However, the 
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windings can be interleaved. Interleaving effectively 

multiplies the winding breadth. Interleaving does have one 

significant adverse effect of inter-winding capacitance 

.Inter-winding capacitance also injects conducted EMI back 

onto the power lines by providing a path for switching 

transients to ground . 

c) Core selection 

Core area product can be calculated using the formula to 

approximate the core size for conventional transformers. 

However with the planar magnetics, the area-product (AP) 

calculation does not equally apply .This is primarily because 

of two reasons: The reduced core volume (VE ) and the 

reduced winding area (Aw). The reduced core volume for a 

given magnetic cross section allows for higher flux density 

(B) for the same temperature rise. Another option is to use 

fewer turns for a given temperature rise, which helps to 

result in a compact, low profile transformer design. 

Transformer operating at 300 kHz, maximum ΔB is 

limited by core loss. The operating flux density, 350G, is 

selected for the ferrite core material “R” at 300 Khz and  

core loss of 100mW/cm3 to limit the temperature rise up to 

35°C. For the EC32 core, with a core volume of 5.38 cm3, 

total core loss at that limit is 0.4248W.  

The E32C Core, available from several 

manufacturers, in a variety of ferrite core materials, is used. 

Important characteristics of the E32C core set are: 

Size (Length, Width) 32 × 20 mm 

Overall Height 6.35mm 

Magnetic path length 

(ℓe) 
41.4 mm 

Average core area (AE) 
130mm2 ≈ 130x10-6 

m2 

Core Volume (VE) 5380mm3 ≈ 5.38 cm3 

Winding Breadth (BW) 9.27 mm 

Winding Height (HW) 3.18 mm 

Mean Length of Turn 104 mm 

Table. 2: Characteristics Of The E32C 

d) Primary Number of Turns: 

The required number of primary turns is calculated by 

solving Faraday's Law using the known parameters. For this 

design, VIN = 26V, TON = 2.8µs, f = 350kHz, AE = 130 mm2 

,∆B = 350G 

Primary Turns NPRI = (VIN ×TON×10^8) / (AE ×∆B) = 9 

e) Turns Ratio Calculation: 

The number of turns for each secondary winding is 

calculated knowing the available volt-second product on the 

primary winding and the desired output voltage. The exact 

transformer primary to secondary turns ratio (N) is derived 

from equation (2) . 

VOUT = (VIN (MIN)*DMAX) /(NPRI/ NSEC)                         (2) 

Where, DMAX is the maximum obtainable duty cycle of the 

converter which occurs at the minimum input voltage VIN 

(MIN). Substituting the NPRI= 9 turns in the above equation 

and solving, NSEC= 6 & 4 for the +8V and -5V outputs 

respectively. 

10 layers of FR4 lamination of thickness 0.15mm and 4 oz 

copper weight PCB with 0.2-0.4mm of binding insulation 

the total width of the PCB is 3.6mm. A standard core can be 

adapted to the multi-layer PCB winding package by 

grinding off part of each core half, hence reducing the height 

of the transformer core. 

f) Printed Circuit Board copper winding: 

The appropriate conductor width with sufficient de-rating 

for a given temperature rise is calculated as per the IPC- 

2221A guideline published by the Institute for 

Interconnecting and Packaging of Electronic Circuits (IPC).  

                                                                 (3) 

I= Current in Amperes,  

A=Cross section area in Sq.mills 

T= temperature rise in °C 

K=0.048 for outer layers, K=0.024 for inner layers 

From doc. No. IPC-PWB-CRT-SG-01, for the 10°C rise of 

PCB temperature the resulted trace width for the nominal 

current of 4.2 Irms for 4 oz copper with 50 % current de-

rating is 5.6mm≈ 6mm.  

The resistance of PCB traces is estimated by resistance of 

per square area of copper presented in Table –II. Skin depth 

frequency is the frequency at which the conductor thickness 

equals the skin depth. Skin depth for copper in µm= 2230 / 

(f Khz)
½.

 Skin depth at 270 kHz is 0.12 mm. Using 4oz. 

copper (0.14 mm), thickness is slightly greater than the skin 

depth. 

Copper 

Weight 

Thickness 

(mils/mm) 

mΩ per 

sq. 

(25ᵒC) 

mΩ per 

sq. 

(25ᵒC) 

Skin 

Depth 

Frq.(KHz) 

1 1.4/0.035 0.5 0.6 5700 

2 2.8/0.07 0.25 0.3 1300 

3 4.2/0.1 0.16 0.2 625 

4 5.6/0.14 0.12 0.14 320 

Table. 3: Resistance e of PCB Traces 

Ohms per square area convenient way of calculating 

resistance of PCB traces, or of any conductor in sheet form.. 

Mean length of the one turn is 104 mm as per the core 

geometry and layout pattern. The length of the secondary 

trace is 104/6 = 17 squares. Resistance of 4oz. copper is 

0.12 mΩ /square. Secondary resistance is 0.12 x 17 = 2.04 

mΩ / turn and 14.28 mΩ for 7 turns of secondary traces.  

A distance of 0.4mm through PCB material (FR 

2/FR4) for insulation between primary (P) and secondary(S) 

windings and 0.2mm insulation between P-P and S-S 

winding layer is selected. The winding breadth of the E32C 

core is 9.27mm. Allowing 0.5 mm each side leaves a free 
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space of 8.27 mm for windings Number of turns on each 

layer is routed by keeping the space of 0.25mm between the 

turns. Winding arrangement is shown in Table No.3. 

PCB Layer 
Power 

Transformer 

Top S1(3) 

2 P (3) 

3 S3 (5) 

4 P (3) 

5 S3 (4) 

6 P(3) 

7 S2 (4) 

Bottom S1 (3) 

Table. 4: Winding arrangement 

g) DC and AC loss of the windings: 

In forward converter primary and secondary both have AC 

and DC current components. Peak secondary current 

(neglecting ripple) equals DC output current, Io Worst case 

rms current occurs at low VIN, when the duty cycle near 0.5. 

Under this condition, The AC and DC current components 

each equal one-half of Io. Total rms current is 4.2 Arms, 

corresponds to Io=6A. AC and DC current components are 

each 3 A.  

                     DC loss is = 3
2
 * 14.28 mΩ   ≈ 0.128 W 

Since the thickness is very near the skin depth, AC loss is 

approximately the same = 0.128 W. Therefore the total 

secondary losses at 6A output is 0.256 W. Similarly total 

loss in primary winding 1.68 IRMS is 0.035W. Total loss is 

0.829W, Pcore= 0.538W and Pcopp = 0.291W. 

h) Interwinding Capacitance: 

Interwinding capacitance between the two windings is same 

as the capacitance between two parallel conductive plates 

since the windings are parallel flat conductors. Inter-

winding capacitance is 130 pF, which is significantly higher 

because of flat conductors at close distance with the 

combination of  FR4 epoxy . An exchange of leakage 

inductance and inter-winding capacitance can be achieved 

by changing the interleaving configuration of primary and 

secondary windings. The overall product of leakage 

inductance and the inter-winding capacitance which decides 

the high frequency performance is much less in planar as 

compare to the conventional transformers. 

C. DESIGN OF POWER CONTROLLER IC uc1863 

1) The maximum voltage stress across the output diodes 

are: 

VDSmax = VINmax (l + (Ipmax/Ipmin)     (4) 

= 123.5 v 

2) Select a resonant tank frequency, ωR: 

ωR = 2πfR                            (5) 

=3.14 * 10
6
 rad/sec 

3) Resonant inductor & Capacitor Selection 

                 ZR = VIN(max)/ IO(min)                               (6) 

= 280Ω 

               LR = ZR / ωR                                                                         (7) 

       = 89.17µH 

              CR = 1/ ZR * ωR                                                                  (8) 

      = 1137 pf.  

4) Calculate each of the interval durations (t01 to t34)& and 

ranges as they vary with line and load changes. 

t01 =  CR* VIN / Ip                                                                 (9) 

              t12= 
 

   
  

 

  
      [

   

     
]                           (10) 

             t23 = 2 LR* Ip/  VIN                                                                (11) 

              t34 = 
                 

       
                                     (12) 

             Tconv = t01+ t12 + t23 + t34                                                         (13) 

Vin (V) 26 26 42 42 

Io(A) 0.47A 0.23A 0.29A 0.15A 

t0(  0.59 0.118 0.153 0.307 

t12  1.061 0.128 1.167 1.500 

t23(  3.3 1.65 1.27 0.634 

t34(  2.552 1.694 0.767 0.723 

tCONV(  6.913 4.588 3.357 3.164 

fCONV(kHz) 144 217 297 316 

ton (  5.853 3.344 2.037 1.357 

toff(  1.12 1.244 1.32 1.807 

Table. 5:  Value of the interval durations (t01 to t34)& and 

ranges as they vary with line and load change. 

5) Progrmming of Voltage Controlled Oscillator 

Block diagram of Voltage Controlled Oscillator shown in 

figure . The E/A output directly controls the VCO via the 

Irange generator. The VCO has inputs for two resistors, 

Range and Rmin and one capacitor, Cvco. Rmin and Cvco 

determine minimum frequency. The calculated  range 

conversion frequencies spans 125khz to 350khz.  

 

Fig. 3: Block Diagram of VCO 
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Numerous values of Rmin, and CVCO, will satisfy the 

equations. The procedure can be simplified by letting  

Rmin  equal 100K,        Cvco = 288pf 

Rrang (kΩ) = Rmin /{ [f(CONVmax)  / f(CONVmin)]-1}                

(14) 

= 55.55 KΩ 

The VCO gain in frequency per volt from the error amplifier 

output is approximated by: 

  

  
 =  1 / Rrang* Cvco                                                                 (15) 

= 61.57 KHz/V 

6) Loop Compensation 

2-pole, 2-zero compensation is intended for voltage-mode 

controlled forward converters which exhibit a second order 

output filter pole characteristic. This type compensation 

network shapes the profile of the gain with respect to 

frequency in a similar fashion to the pole-zero compensation 

networks, but utilizes two zeroes to give a phase boost of 

180°. This boost is necessary to counteract the effects of an 

under damped resonance of the output filter at the double 

pole. This type compensation circuit has two poles, with two 

zeros and a pole at its origin providing an integration 

function for better DC accuracy. Optimal selection of the 

compensation circuit depends on the power-stage frequency 

response. 

 

Fig. 4: Error Amplifier circuit 

a) Error amplifier compensation characteristics 

The zero dB crossing point is desired at 2 KHz. From this an 

estimate of the error amplifier required compensation 

network is made. The two amplifier zeroes are put at 500Hz 

& 800Hz and the two poles are put at 20 KHz and 30 KHz. 

The gain required from error amplifier is 21dB at 2 KHz. 

The circuit parameters are selected for full load conditions 

and it is verified that it is sufficiently stabilizing the system 

at light load. The two compensating zeroes are put at 500Hz 

& 800Hz and the two compensating poles at 20 KHz and 30 

KHz. 

G1 = G2 + 20 Log(fz2/ fp1) = -2.47dB                          (16) 

Fz1 =  1/2πR1*C3                                                         (17) 

Fz2 = 1/2πR2*C2                                                          (18) 

Fp1 =    1/2πR2*C1                                                       (19)   

Fp2 = 1/2πR3*C3                                                          (20) 

Since R1 = 24 Kohms, the above five equations can be 

solved to get the five variables as 

          R2 = 48 Kohms,    R3 = 957 Ohms,  C1 = 1.6nF, 

         C2 = 4.14nF,   C3 = 8.2 nF 

b) Overall characteristics 

Obtained by addition of both control to output and error amp

lifier characteriscs and observed 

Band width  is 1.66 kHz. 

 

Fig. 5: Overall characteristics 

D. LDO as a post regulator 

+5V line is post regulated by UC1834, a programmable 

linear regulator control IC, with an external pass device (P-

channel MOSFET). The circuit has achieved high efficiency 

by maintaining output regulation with an input-to-output 

voltage differential of 0.5V. Stability analysis also done for 

closed loop performance of LDO. Gain-phase measurements 

with AP200 frequency response analyzer showed stable 

behavior with 20 KHz bandwidth and sufficient gain-phase 

margins. 

IV. EXPERIMENT RESULTS 

 

Fig. 6: photo of PCB with resonant converter circuit 

 

Fig. 7: wave form of resonant capacitor current 
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Fig. 8: Waveform of drain current at 26volt. 

 

Fig. 9: wave form of switching losses at 42V 

V. CONCLUSION 

From This project, it is concluded that, Quasi-resonant ZVS 

converter with 8W output power and 64% efficiency has 

been designed, developed and tested. Input to the converter 

is unregulated power supply bus of 32 to 42V. Two-stage 

EMI input filter provides necessary attenuation of 94 dB at 

300 KHz switching frequency. The filter design has been 

simulated and tested with actual hardware in EPC. 

Low profile planar transformer has been studied 

and realized through E32C type core. Detailed analysis and 

calculations carried out for turn’s ratio and optimum losses. 

PCB layout routing as well as hardwiring technique learned 

and implemented. 

Programming of Resonant controller UC1863, gave 

targeted ZVS operation and regulation of house-keeping 

supply. 150 KHz to 300 KHz frequency variation observed 

depending on line/load variations. Due to Low dropout 

regulators (UC1834) implemented on major outputs, very 

tight line/load regulation of 0.5% has been achieved. In all, 

Quasi-resonant zero voltage switching converter, cascaded 

EMI filter, planar transformer, Resonant controller and  low 

dropout post regulator circuits are thoroughly studied, 

designed and tested on hardware. 
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