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Voltage Mode Control of Buck Converter
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The plant for a buck converter in continuous conduction mode is shown below.
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The parameters of the buck converter are shown below.

Vin = 30, Vo = 15, L = 200µH, C = 400µF, r = 0.1, R = 5 (2)

Note, the plant has a complex pole pair and one zero.
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Design the controller below, find the zero, pole and gain for a bandwidth of fc = 5kHz and phase margin
of 60 degrees.

Gc(s) =
k
s

(
1 + s

ωz

)2

(
1 + s

ωp

)2 (3)

Evaluate the gain of phase of the plant at the desired bandwidth

|GP(s)|s=jω (4)

∠GP(s)|s=jω (5)

φboost = −90◦ + φPM −∠GPS(s)|s=jω (6)

kboost = tan
(

45◦ +
φboost

4

)
(7)

k =
1

|GPS(s)|s=jω
(8)

ωz =
2π fc

kboost
(9)

ωp = 2π fckboost (10)

1 clear

2
3 s=tf('s')

4 opts = bodeoptions('cstprefs ');

5 opts.FreqUnits = 'Hz';

6 Vin = 30

7 L = 200e-6

8 C = 400e-6

9 r = 0.1

10 R = 5

11 Gps = Vin/(L*C) * (1+s*C*r) / (s^2 + s*(r/L + 1/(R*C)) + 1/(L *C) )

12
13 fc = 5e3 % select bandwidth

14 pm = 60 % select phase margin

15 kfb = 1 % gain in feedback voltage measurement

16 Gpwm = 1 % gain of the modulator

17
18 [gain phase] = bode(Gps ,2*pi*fc)

19 phiboost = -90 + pm - phase

20 kboost = tand (45 + phiboost /4)

21 gaincontroller = 1 / (kfb * Gpwm * gain)

22 fz = fc/kboost

23 fp = fc*kboost

24 kc = gaincontroller * 2*pi*fz/kboost

25 wz = 2*pi*fz

26 wp = 2*pi*fp
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ωz = 11954 ωp = 82556 k = 7364 (11)
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