
ELEC-E8417 Switched-Mode Power Supplies Exercises 6

Exercise 1

The Series load resonant (SLR) DC-DC converter of figure 1 works in discontinuous con-
duction mode (DCM) at a switching frequency ωs smaller than the resonant frequency
ω0 = 1

√
LrCr of the LC-circuit. The switching frequency is set to be ωs < ω0/2.

Figure 1: SLR DC-DC converter.

a) Show that the choke maximal current ratio is

ILr,peak

Ib
= 1 + 2

Vo

Vd

, with Ib =
Vd

2Z0

and Z0 =

√
Lr

Cr

(1)

b) Show that the voltage ratio of the peak value over the capacitor Cr is

VCr,peak

Vb

= 2 with Vb =
Vd

2
(2)

c) Show that the SLR-converter can only work as a voltage step-down.

The instantaneous voltage over Cr and current in the resonant circuit can be expressed as

vCr(t) = Vin − (Vin − VC0)cos(ω0t) + Z0IL0sin(ω0t) (3)

and

iLr(t) = IL0cos(ω0t) +
Vin − VC0

Z0

sin(ω0t) (4)

where VAB′ is the input voltage of the resonant circuit (figure 2), VC0 is the initial voltage
over Cr, and IL0 the initial current of Lr.

Friday 31st March, 2017 1/ 3



ELEC-E8417 Switched-Mode Power Supplies Exercises 6

Figure 2: SLR DC-DC converter; discontinuous-conduction mode with ωs <
1
2
ω0.

Exercise 2

In the figure, a ZCS (Zero current switch) DC-DC converter is represented.

Figure 3: ZCS resonant switch DC-DC converter.

The characteristics of the circuit are as follow:
-the resonance frequency f0 = 1MHz
-The characteristic impedance Z0 = 10Ω
-the input voltage is Vd = 15V
-the output voltage is Vo = 10V
-the output power Po = 10W

Obtain the instantaneous current iT (t) and voltage uCr(t) over the capacitor Cr, and the
time intervals t1 − t0, t

′
1 − t1, t

′′
1 − t1, t2 − t1, t3 − t2, t3 − t4. Calculate the maximal and

minimal value of iT (t) and uCr(t). What is the switching frequency fs?
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Figure 4: ZCS resonant-switch DC-DC converter waveforms.

The resonant circuit with a parallel load has the following equations: the current in the
choke Lr is

iLr(t) = Io + (IL0 − Io)cos(ω0t) +
Vd − VC0

Z0

sin(ω0t) (5)

and the voltage over the capacitor Cr

vCr(t) = Vd − (Vd − VC0)cos(ω0t) + Z0(IL0 − Io)sin(ω0t) (6)

The initial values are VC0 for the capacitor Cr and IL0 for the inductance Lr.
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