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Design and Implementation of a Current Controller for Boost Converters
Using a DSP

Kwang-Woon LeeT

Abstract - This paper introduces a method for design and implementation of a current controller for boost
converter operating in continuous conduction mode (CCM) using a digital signal processor (DSP). A
Proportional-Integral (PI) type current controller outputs an average voltage command for inductor, used in the
input side of the boost converter, and the duty-ratio of PWM (pulse width modulation) signal for switching
device is directly calculated from the average voltage command. The gains of the PI current controller are
selected such that the current response characteristics are the same as those of a first-order low-pass filter.
The proposed current control scheme is implemented using a DSP based on fixed—point math operations and an
experimental study has been performed to validate the proposed method.
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Fig. 3 Bode diagram of the transfer function of current
controller
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Simulation results (a)Current response, (b)Inductor
voltage command, (c)PWM duty ratio, (d)Output
voltage, (e)Power of load resistor and capacitor

5t RoE AWH Y] AdAE 2 P
727} 4700F, 120090 740l sl Qe A
O0A° A 25AZ, thA] 25A04 5AZ 73

tlo

o] ANEeolAd Aztolty,
a9 62 19 5olA] AR AEo] 25A004 HAR
HE % e Fg Aotk AlEg el A

H > &

v 10kHz2 AASF L, & 19 AA =
A AL 7Iake] Alo] o]5 FhE AMESEom,
C &% 7S &8s 14 A5d At 7]

wro 2 Y Ao AR{ Ao7]E CAol= Fdsted
o F2E AuEe 4 x4°1° 60V AAstach
F A7l WY ES 2000rad/secE A5 0 E P

He AT E 05ms7F drh 19 6olA AR SH
ANAGE 05ms= AAE AF Ao %‘%Eﬂr U3
SEE HYS & 4 Uk

a9 72 LY RY #& 47 15mH, 01Qe2 4A
atal, AF Ael7]e vl 2 H7 o5& ek d A}
5= 13 RO #S 247 2mH, 00500 W*;R%
ujo] Alggold Axfolty, 1 63 ] HWH 2

SH AIAF7E 05msel Al 0.3Tms® Eo1E0 S "é

Fig. 6 Simulation results (a)Current response, (b)Inductor
voltage command, (¢)PWM duty ratio

!
@ & ---mmmd-- 4A—>—W5¢¥—\i
ﬁf\;\:"‘u’&;\f\f\f\ﬁh T L

: WY VIVIVIVVE -

(b) 10

T
I
08 [——————~ ———— - I TR ——
I I I
06 f-——————- : ——————— e ‘L ———————
(©) 04 : t,_,‘}:::
I I I
02 F———=——- |——— === e L
I I I
0 . . .
0.019 0.0195 0.02 0.0205 0.021
Time (s)

Fig. 7 Simulation results (a)Current response, (b)Inductor
voltage command, (¢)PWM duty ratio

T oem, ozl 7 39 HE MEE FI 5%
AYH AFF wEe 9F It

MBS Bl ke AR Aol 54 AFH
o A% BHom 19 8y £ AY AzEgS T
Astel AEHol Y} U 2how Hds WPse]



264 DSPZ ol g3 e ZAvee] A7 Alofr] 47 2 74

Digital
Oscilloscope

t}. ESRe] 0.05Q%1 2mHe] JEHE ARSIy, H3)
2o 120Q9] A F-3ke} 470uFe] A& AAEE W
Hg Fasieich DSPe Thike] TMS320F283355 ©]-&
sh1al, PSIMS o] 83k Al & o] doA ALEH 14 &
FH Azl 7]Eke] C o2 FEE AF A7E A
ST 293 &A= 600V, 100A+<2] IPM(Intelligent
Power Module)S AHE3F1aL, LEMiite] AHF  AlA
HX-03PE AH&3te] 19 dAFE AEs9oh =93
T 10kHzZ A3, PWM 2l 57]38k
AYHe A AFE AEHYsI o, Ao
ojgsto] #AT HHow D/A ZMEHE
DSPell $123H3

a9 9% F2E 7MY Q1YY AR Aol 25A
oA AR WAEE A= 1o digh A3 gPo=
AR S99 A E 05mse #e 7HS
AT ol AL 17 69 AlEHo|M Ao} LS
o, AfHos B =oA Ad FAE AWE
F Alo] Aol aAHoR FAFS I9l
O 9o A AF AH 2 PWM AlH[&Z AA <
H Abolel= 100use] Aol A& Hl, oA DSP
PWM L& MZE duty #el AAEHAS ul PWM
3k F7vhE AAF o] Zd(loading)F| =% PWM 52t
= AAso7] wi otk 29 108 AF Alolr] o]
P AdY"A(D)9] e 25mHE A
18 AdE g 9o Hla] AlARFTE Aol
olgk = itk o] AL HE A = AJE oA
o 53t JYH AT Wse] dF dAgit

~= O
%T’E—E

rREE

al

—

e

s
=

Hu %0, o, NS e
o B 2y

<
T
s

£}
)

Ll

¢

[

ol

tlo s o 4 g
[e]

o tlo 5 =2
2 1o lo px
>

5.2 =
B ERAE A% EF REdd BAs: e
AvEle] A% Ao7|E DSPE olgaiel tAE w
o= F@s= Yol sl Aksach AR Ao
Ae AR Aolrle 28 AUE Bt A Agow
s, md-AE gB5e] AgE AR U A
FrolA FHE FHARED o5e HYFoEA 14
A Bt B FAF $F SHS 25 AR Ao

(a) —12.5A

(b)  AMAAAAAAAAA AR AWAYAWARAAAVVY 5-0A
A AAA ’I\ Y

2.5A
«—>
0.5ms
S5 0A
(© ol 2.5A
- : 1.0
(d P — 0.5
0.5ms/div.
Fig. 9 Experimental results (a)Current  command,

(b)Inductor current, (c)Sampled inductor current,
(d)PWM duty ratio

5.0A
(a) 1 T 25A

45— AANAVAAVAAAAANANY 5.0A
() MARAAAAAAAAAAAAAMAMMAMAANY T 2.5A

0.4ms

— e 5.0
(© B ——2.5A

D 1.0
(d e e 0.5
0.5ms/div.
Fig. 10  Experimental results (a)Current command,
(b)Inductor current, (c)Sampled inductor current,
(dPWM duty ratio
EAE A& 7 don, dF Aoy ol AA #HA
o] g AE EAo] Q) w3k dAlE Ao} o5 It
58 174 257 92 Jiew Wase THsE U
Holl oisl AlRtatdar, AlEdoldy AES Fal At
8 949 135 d5adn
AtE AF Aol WA QYE e Hyr M-S Ao
Guoz Agath me oddee] B A3kl 0o
= 894 &% 7 (discontinuous conduction mode)
o E2E AWEI FAste FFde AddE AF
Aol Aoz fa Ao 4L AL & g vl
o] glow, gox ool t# F7H4 Ak Bas
=3

[1] P. Mattavelli "Digital Control of DC-DC Boost
Converters with Inductor Current Estimation,” [EEE



The Transactions of the Korean Institute of Power Electronics, Vol. 17, No. 3, June 2012 265

Applied Power Electronics Conference 2004, pp. 74-80,
2004.

[2] D.S. Padimiti and M. Ferdowsi, "Review of Digital
Control Techniques for ~ Automotive = DC-DC
Converters,” [EEE Vehicle Power and Propulsion
Conterence, pp. 653-657, 2005.

[3] Jingquan Chen, A. Prodic,
Maksimovic,

R.W. Eriokson, and D.

"Predictive digital current programmed
control,” IEEE Transactions on Power Electronics, Vol.
18, No. 1, pp. 411-419, Jan. 2003.

[4 S. Choudhury, '"Digital Control Design and
Implementation of a DSP Based High-Frequency
DC-DC  Switching
Instruments Inc., 2004.

[5] Jung-Im Lee, Jong-Hyun Lee, An-Yeol Jung, Choon-Ho

Power  Converter,” Texas

Lee, Joung-Hu Park, Hee-Jong Jeon, “Bidirectional
Charging/Discharging  Digital Control System for
Eco—friendly = Capacitor  Energy  Storage  Device

Implemented by TMS320F28335 chip”, 7ransactions of
the KIPE, Vol. 15, No. 3, pp. 188-198, 2010.

[6] Byeong Cheol Hyeon, Jae Ho Lee, Bo H. Cho, “Design
and Implementation of the LLC resonant converter
using digital controller”, Proceeding of the KIPE
Annual Autumn Conférence, pp. 74-76, 2008.

[71 O. Ellabban, O. Hegazy, J.V. Mierlo, and P. Lataire,
"Dual Loop Digital Control Design and Implementation
of a DSP Based High Power Boost Converter in Fuel
Cell Electric Vehicle,” 12th International Conference on
Optimization of Electrical and Electronic Equipment
2010, pp. 610-617, 2010.

[8] Seung-Ki Sul, Control of Electric Machine Drive
Systems, John Wiley & Sons, New Jersey, 2011.

[9] Fixed—point Arithmetic, http://en.wikipedia.org/wiki/
Fixed—point_arithmetic.

JETIEE
H

1971 é 624, 1993 Da{ch B M

o h JI3Em Y 1969 & ofste Y3
= 3} 59 (A4AH 1099 = chstel T3,
A\ A 200014 ~20071 APMTAL & Qlod el 2007
A A opsd Tain) B @T@A 20084

~BA SZxofttf MASstnt zug G ofE HELY.



