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DIGITAL CONTROL OF POWER ELECTRONICS

Current Mode Control of Buck Converter

clear

Vin = 30

L = 200e-6

C = 400e-6

r = 0.1

R =5

fc = 1000 % select bandwidth
pm = 60 7 select phase margin
w = 2xpixfc

T = 1/100e3

gain_gps = abs(R*(1+j*wxr*C)/(1+j*wxR*C))
angle_gps = angle(R*(1+j*w*xr*C)/(1+j*w*R*C))*180/pi

phiboost = -90 +pm-angle_gps
gain_need = 1/gain_gps

Kboost = tand (45+phiboost/2)
fz = fc/Kboost

fp = Kboostx*xfc

kc = 2xpixfz/gain_gps

wz = 2xpixfz
wp = 2xpixfp

s=tf('s"');
Gc = kc/s * (1+s/(2*xpixfz)) / ((1+s/(2*pixfp)));

Gps = R*(1+s*xr*C)/(1+s*R*C);
Gol = Gps*Gc;
Gcl = Gol/(1+Gol)
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Z = tf('z',T)

Gc_dig_backward = minreal(kc/((Z-1)/(Z*T)) * (1+((Z-1)/(Z*T))/(2xpix*xfz)) /
((1+((Z-1)/(Z*T)) /(2*pi*fp))))

Gp_dig_backward = minreal (R*(1+((Z-1)/(Z*T))*r*C)/(1+((Z-1)/(Z*T))*R*C))

Gc_dig_zoh = ¢2d(Gc,T, 'zoh')

Gc_dig_tustin = ¢2d(Gc,T, 'tustin')

Gcl_dig_backward = minreal (Gc_dig_backward*Gp_dig_backward/(1+
Gc_dig_backward*Gp_dig_backward))

Gcl_dig_zoh = c2d(minreal(Gecl),T,'zoh"')

Gcl_dig_tustin = c2d(minreal (Gcl),T,'tustin')

pole(Gcl_dig_backward)
zero(Gcl_dig_backward)
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The digital closed loop transfer function is as follows.
0.03676z% — 0.06515z% + 0.02859z
Gcl(z) -3 2 )
z° — 2.833z% + 2.674z — 0.8415
1 Pole-Zero Map
0.8
0.6
0.4
%)
< 0.2
<
g 0
£
g
£ 0.2
-0.4
-0.6
-0.8
-1
Real Axis
The poles are located at
p1 = 0.9622 +0.0280i p, = 0.9622 —0.0280; p3 = 0.9082 3)
The zeros are located at
z1 = 09724 2z, =0.8000 z3 =0 4)
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CURRENT MODE CONTROL OF BUCK CONVERTER
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_0.1611z% + 0.004513z — 0.1566
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The digital closed loop transfer function is as follows.
0.01776z% — 0.01332z> — 0.01765z + 0.01343
Ger (Z) = (6)

z3 — 2.82822 + 2.665z — 0.8369

PoIeZqo Map

Imaginary Axis

-0.4

Real Axis
The poles are located at
p1 = 0.9619 4+ 0.0290i py = 0.9619 —0.0290i p3 = 0.9037 7)
The zeros are located at
z1=—1 2z, =09720 z3=0.7778 (8)
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CURRENT MODE CONTROL OF BUCK CONVERTER
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