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Parameter Value Details

fsw 300kHz

Inductor Wire 18 AWG d=1.024mm, R
len = 20.95mΩ

m

Lf 12.3µH RM8 core, N=7, ESR=3.9mΩ, 50V

Cf 20µF film ESR=2.5mΩ

Cd 2×3900µF 50V LXG electrolytic, parallel, ESR=85mΩ

Cd small 1µF film parallel w/ Cd, 500V, ESR=11mΩ

Rd 0.05Ω

MOSFET IRFZ44N HS is SILPAD400, 6100B

Diode 6TQ HS is SILPAD400, 6100B

L 16µF RM8 core, N=8, ESR=4.5mΩ

C 20µF film ESR=2.5mΩ, 50V

System Transfer function Vo

D = Vin

LCs2+Ls+1

Compensator C(s) = Kp + Ki

s Ki = 100, Kp=0

Lowest possible efficiency 92.3% Pout = 150W , Vin = 36V

Table 1: Summary of system
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1 Output filter design

I’ve chosen to design my converter with a switching frequency of 300kHz. The
output filter is going to be an LC low pass filter in the same form as in Figure
1.

Figure 1: Output filter structure

1.1 Inductor selection

First we have to make sure the converter always remains in continuous con-
duction mode (CCM). To do this we must satisfy ∆Ipp = 2 ∗ IL where IL =
Pout/Vout. The smallest possible value of IL is 3.3A, so the smallest possible
value of ∆Ipp is 6.6A. Do reduce device stresses, I’m going to set ∆Ipp to 2A.
Now we can spec a minimum value for L.

L ≥ (Vin − Vout)DT

∆Ipp
(1)

Using the operating conditions, we can solve for a minimum inductor value of
14.6µH.

1.2 Capacitor selection

Next we size the capacitor. The maximum allowable voltage ripple is ∆Vpp =
100mV . I’ll design it for ∆Vpp = 90mV to leave a small cushion. There are two
conditions that the capacitor needs to meet.

C ≥ ∆IppDT

2∆Vpp
(2)

C ≥ 1

L(0.1 × 2πfsw)2
(3)

To satisfy these conditions we get a minimum capacitor value of 15.4µF .
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2 Input filter design

The structure for the input filter can be seen in Figure 2.

Figure 2: Input filter structure

If we set Cd to a very large value, the approximate impedance of the input
filter is

Zf =
1

1
Lfωsi

+ 1
Rd

+ Cfωsi
(4)

In order to make sure the system isn’t underdamped, and so that the addition
of the input filter does not significantly impact the transfer function of the buck
converter, we must make sure Rd satisfies the following condition:

Rf � Pout
I2
in

=
R

D2
(5)

Using our conditions, we determine that Rd � 3.84Ω, so we will set Rd to about
0.05Ω.

To satisfy the 50mA ∆Ipp limit, we must use the transfer function from ix
to io.

io
ix

=
Zf
ZL

=
Zf

Lfωsi
(6)

The input ix to this filter is a square wave from 0 to IL of duty cycle D. I will
approximate this as a sinusoidal input with frequency fsw and a first harmonic
magnitude of 2IL

π . At maximum power, with a capacitor value of 20µF and
inductor of 10µH, the predicted current ripple is 11mA, which is far within the
spec of 50mA maximum.

3 Switch selection

3.1 MOSFET

To maximize efficiency we want to choose the FET that will dissipate the least
power. MOSFET power dissipation is the combination of the switching losses
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Psw and conduction losses Pcond. The total power dissipation is

Ptot =
1

2
VinIL(tr + tf )fsw + I2

LDRon (7)

I used excel to compare the 5 available FETS at the highest power level, as seen
in Figure 3. The FET that dissipates the least total power is IRFZ44N, and the
maximum power it dissipates is 7.27W.

Figure 3: MOSFET power comparison

3.2 Diode

The diode meet the maximum current spec. At maximum power the diode
sources 10A of current for duration (1 − D). This maximum this can be is
Irms = 5.83A. The 6TQ schottky diode can source 6A and withstand the 36V
maximum voltage, so we will choose this diode. At 10A, and 150◦C , the forward
voltage is about 0.65V. The power dissipated in the diode is the conduction loss.

Pd = (1 −D)ILVf (8)

For the 6TQ diode the maximum power dissipation is 3.79W.

4 Thermal modeling

4.1 MOSFET

The thermal model for the MOSFET can be seen in Figure 4. The thermal resis-
tances can be found in the spec sheet, and the dissipated power is as calculated
above (7.27W). The maximum operational junction temperature is 150◦C and
the maximum ambient temperature is 50◦C . Using these values we can solve
the thermal circuit model for the maximum RΘSA = 15.68◦C/W . The power
through the heat sink would be 5.66W, and the corresponding max temperature
drop through the heat sink would be 88.8◦C/W .

4.2 Diode

The thermal model for the diode can be seen in Figure 5. The thermal resis-
tances are in the spec sheet, and the dissipated power was previously calculated
to be 3.79W. The maximum juntion temperature is 150◦C and the maximum
ambient temperature is 50◦C . Using these values we can solve the thermal cir-
cuit model for the maximum RΘSA = 23.7◦C/W . With the power through this
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Figure 4: IRFZ44N thermal model

heat sink of 3.79W, the corresponding max temperature drop through the heat
sink would be 89◦C/W .

5 Heat sink selection

In the Thermal Model section I already calculated the maximum thermal re-
sistivity the heat sink can have and still keep the junction temperature below
150◦C . For both the Diode and the MOSFET I will choose a SIL-PAD/heatsink
combo with a total thermal resistance below this number. The SIL-PAD 400
has a thermal conductivity of 0.9W/mK and thickness of 0.23mm. The thermal
conductivity of the SIL-PAD 400 is 0.9−1 × 0.23× 10−3 = 2.56× 10−4, which is
negligibly small compared to heat sink values. The calculated maximum ther-
mal resistance of the sink from the previous section was 15.68◦C/W so we must
find a heat sink that is less than this value. To simplify the BOM and calcula-
tions, I also want the heatsink to match the requirement for the diode and be
smaller than its max thermal resistance of 23.7◦C/W . The 6100B heatsink has
a value of RΘSA = 9.0◦C/W , which is well within the limit for both diode and
MOSFET, even when combined with the SILI-PAD.

6 Passive component selection

6.1 Capacitors

First I’ll spec the Cf . The value I chose when specing the input filter was at
least 15µF. I need this cap to have a very small ESR and take a large ripple
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Figure 5: 6TQ thermal model

current. For this I will probably use the 20µF film capacitor, but first I need to
make sure it meets the voltage ripple spec. This cap will have ILf

− IL, which
is 6.25A − 10A = −3.75A at a maximum (Pout = 150WF , Vin = 24V ), across
it when the fet is closed. It will have ILf

= 6.25A when the switch is off (D-1).
This means the Irms is about 4.8A. The CS4 20µF film dcap can handle up to
17.8 Irms so we are well within spec. This cap will have DC 44V across it max,
so that is within the 50V spec. It has a small ESR of 0.0025Ω.

Cd doesn’t need to carry the same large ripple current or have a small ESR.
Because it needs to be so large I will use an aluminum electrolytic capacitor. It
doesn’t matter exactly which value I use as long as it’s huge and can handle the
ripple current. The Irms across this large capacitor according to the simulation
is 2.9A. This is too large a ripple current for the electrolytic capacitors provided
to handle. Instead I will put two equivalent value large electrolytic capacitors in
parallel to cut the current through each cap in half, as well as decrease effective
ESR of the system. The cap will have about 36V across it with maximum
transient voltage input with a surge voltage of up to 44V. I will choose the
50V rated LXG series aluminum caps to make sure the voltage range is not
exceeded. I will put two of the 3900µF caps in parallel because they have small
series resistances (0.085Ω each)and can handle the new Irms current of 1.44A.
To make sure the caps still operate as capacitors at the high switching frequency
of 300kHz I will also put a 1µF film capacitor in parallel with these electrolytic
caps.

For the output filter, I speced a cap of size at least 14µF and I want a small
ESR, and the ability to handle a 2A peak to peak current, which is 1.15 Irms.
The same 20µF film capacitor as Cf should work, with an ESR of 0.0025Ω.
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6.2 Inductors

We need to choose an inductor core for both L and Lf . The formula for number
of turns for a desired inductor value L is

N =

√
L

AL
(9)

rounded up to the nearest integer value. We must make sure that we can fit
enough loops into the core, and for this we need to know the AWG of necessary
for the current spec. The max DC current through the output filter L is about
10A, and the max DC current through the input filter Lf is about 6.5A. Us-
ing the AWG chart from Wikipedia, 18 AWG solid wire should work for both
instances, which has a diameter of 1.024mm. For the RM8/I core, with a dimen-
sion of 10.8×4.22mm for the cross sectional winding to fit in, we can fit about
40 turns with this 18AWG wire. Next we must compare the different aL values
of the different cores and the number of turns necessary to reach the desired
inductor value. I also calculated the actual inductor value after rounding up to
the next integer turn. I’ve compared the different RM8 cores in Figure 6. In this

Figure 6: Comparison of RM8 cores

Figure, I’ve also used the spec sheet to determine the length of wire necessary
to reach this inductor value (based on center core diameter), which along with
the resistance per length of the 18AWG wire allows me to calculate the ESR of
the inductor. These values for both desired inductances can be found in Figure
6. To reduce the ESR of both inductors to below 0.005Ω for both inductors but
choose the same cores to simplify the BOM, I’ve decided to use the aL = 200nH
inductor core. With this core, we need N=8 turns for the output filter L, and
Nf=7 turns for the input filter Lf . You can look up the corresponding ESR
and actual L values in Figure 6.

7 Control

7.1 State space model

We designed the input filter such that it will have a negligible effect on the
transfer function of the overall system. We can use a simple buck converter
model to make the averaged state space model.

dvo
dt

=
iL
C

− vo
RC

(10)
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diL
dt

=
Dvin
L

− vo
L

(11)

Putting these equations in the Laplace domain and converting it to a transfer
function we get

Vo
D

=
Vin

LCs2 + Ls+ 1
(12)

To control this plant we need to use a closed loop feedback controller with a
compensator. To eliminate steady state error from a step input, I decided to use
a PI controller. Using Matlab, I created a controller with the transfer function

C(s) = Kp +
Ki

s
(13)

I tried a few different values for Kp and Ki on Matlab and looked at the step
response and root locus plots of the closed loop compensated systems, which
can be seen in Figues 7 and 8 respectively. I eventually settled on a compensator
with Kp = 0 and Ki = 100 because this system converged monotonically and
quickly, and only had poles in the left hand plane of the root locus plot. Because

Figure 7: Step response of closed loop compensated system

there’s no overshoot on the step response and integration control had no steady
state error, the system should stay within the transient response voltage error
limit with a step input.

8



Figure 8: Root locus of closed loop compensated system

8 Spice model simulations

Figure 9 shows the LTspice model of the complete circuit. I substituted a diode
of a similar Vf for the simulation. All the component values and ESRs should
match the chosen values. I ran transient analysis on the system to make sure
it met the desired specs. The plots and measurements I will display will all be
for the Vin = 36V , Pout = 150W case, as this has the most extreme values for
power dissipation and ripple. First I made sure the input filter current ripple
spec of below 50mA was met. The simulated measurement can be seen in Figure
10. Figure As you can see, it is well within the 50mA peak to peak spec. Next I
measured the output voltage ripple in Figure 11. The simulation shows that the
converter is well within the 100mV peak to peak spec. Finally I measured the
overall efficiency of the system at maximum power and input voltage in Figure
12 The lowest efficiency this converter achieves is at worst 92.3%, which is above
the 90% requirement. This is at the worst operation point. If we were to operate
at different input voltage or power levels, it would have better efficiency.

Once you add the compensator to the system, it should meet the transient
specs. The components are rated high enough to take the increase to 45V for
1ms input impulse value, and much of this will be filtered out by the input filter
anyway.
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Figure 9: Spice model of circuit

Figure 10: Input filter current ripple

Figure 11: Output filter voltage ripple
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Figure 12: Overall efficiency of circuit at 36V, 150W
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