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Investigation on Analysis of Frequency Characteristics
of Converter Circuits
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(Received April 12, 2013)

It is necessary for a converter design to consider its frequency characteristics which determine its control and system

stabilities. The frequency characteristics of input impedances and/or output impedances are indispensable to analyze stabil-

ities of the system according to the Nyquist or the Middlebrook criterion. However, It is practically impossible to calculate

frequency characteristics analytically except for limited cases because converter behaviors are basically nonlinear due to

switching operations. A new numerical processing method which is based on the perturbation method by a simulator is

proposed. The proposed method is applied to the buck, boost, buck-boost, Cuk, converters for their input frequency analyses.

The results are compared and coincided well with measured characteristics. The proposed method is validated.
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Fig. 1. Impedance condition of POL converter for sta-

bility analysis.
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Fig. 3. Response waveforms (Awv;,, Awv;,) for a per-

turbation at 100Hz.

MHOBITH > TR, ikZ5 D AT EINEES ORI
FiZ2 @ NN, HEORHEZRDZ LM TES.
#%ih g™ B EEEHIENC K BRI O >N — R Fidz
W U7 Fig. 3109, ¥ 2 2 L—4ZI3 Synopsys
#10 Saber Z2 W7z, Fig. 3(a) (& FALRIEKICH T B,
100Hz izl 0.1V OFEIANIIELE S Avi, EZDAT)
JSEBIR Ay, TH5B. Fig. 3(b) &, L TOHEWL
R COFER « BIRIEIE TH 5. ISEERIIEZAS
JWZIRTHOM DI Wed, ThZEIEKUEED Fig.
3(c) TH5.

(56)



3 2oN— 5 [l O PRV R Ot 157

*—W%r{jfﬁj Ci H
RC C RC
(e iy

c
CN(.

(a) Series type

G0
—NW
L R!
_r‘fm__/\/\/\,i
L, ‘R,
o Nm /\/\/\/ o
L, R v
C!

R G:,

Ne * RNc
Che
C.

(b) Parallel type

Fig. 4. Foster type equivalent circuits.

CDIVEE SR EE T —) T2 (FFT) LT, {RiE
BRONMZRD, ESICHEEEICR BB EICKD,
ISP T ORI RO B T e N TED. DN
BURFMELR, T OO e B M B RN R A
ZEE TN L TROBZTENTES.

4. BN A—2ZDREEYZaL—YaVETIV
DIERLE

4.1 ERZEFORRBIFEDAESLITETIVOEK

TAUN—RICEEND AV E TR, T30 %, ]l
FOREIE, MUz BEETOREBEZEZ % LH—0D
FEHEBE T TS, R Z & Do EBnl i
5. LhLInhbznfmeEe UTELET % &
IR TRW2, (BT b E NI EREEF O A
BRI X BHMEEET IV TERT 3. ThbbA
E—HA U RABXUT R 22 A2 2N ZF N Fig. 41
7 LTz Foster JEAIEIC K O, VECTFIT 7% W Tl

(57)

10
—— measured
— ---~-fitted
210
5
5
g B}
g 107+
10"
100
—— measured
500 ---~-fitted
)
i)
=
@ 0
3
=
~
=50+ \
- 1 00 L L L
10° 10* 10°

Frequency [Hz]

Fig. 5. Frequency-characteristics of an inductor of

5004H.

Table 1. Parameters of an inductor of 500uH..

Coo GO
37.24pF | 0.117mS

n L3 R;
1| 8.829mH | 6.92kQ
2 | 8.385mH | 0.239kQ

3 | 0.562mH | 94.35m()
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Fig. 6. Frequency-characteristics of a capacitor of

470uF.

Table 2. Parameters of a capasitor of 470uF..
Lo Ry
35.38nH | 0.142Q
n cs G5,
1| 74.67uF | 80.65S
2 | 2.431mF | 56.75S
3 | 0.44mF | 2.993mS
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Fig. 7. Experimental system setup of a buck converter

with the state feedback control.

RY. AYNN—ZOHKIEEE, dSPACE ZHWI1/0 5
A7 IVIENEN, BET0—7, it Y THD
HIOKI 87 5 > 74 > T a—7 3276 & kid 5 2 & T
dSPACE I 2>/ 3\—2 OHITEEB X UA V27 28
WzmDiAA, PWMESZELTWS. avn—X
DAL F 27 JH NS 20kHz & U7z,

AAvF, FIATHRHNTBOTIE, T2/N—2DA
V=R VAGHINHNTH B 12D AA v F, BAA+—
FICBIL Tidhi) ON HHIAVNE W MOSFET D2
2SK2391, .28 5GLZAT Z V2. MOSFET DN
P, 66mQ TH%. MOSFET:25K2391 1&, AAvF
DLEMNRERENCEE LT, 77—k, V—AMIC 10V 2L E
DFEEDEARARTHS. ZDTz8, DS1103 5 HITT
TNz PWM 55 OIES X CWEHROM 2z e L,
RZ 4 7l HCNW3120 Z V7. 20 HCNW3120
&, 15~30V & o eI EE PR 21> T3 D
T, 18V HiRBFEZ BT PWM 55 % low LX) 0V,
high L)L 18V ICHiilE & ¥ 72155 % MOSFET O —
MZE->TWVW5. TORE, MOSFET IZAJIAENKE
Wi, BRCEENTA VBT 2 A5 & ORI
X% A ZXAA FENEDORIWEDER & 75 % vlHENE
Wb, 2T, FIATMHEKE MOSFET fic /A R
WRDIzDDT— MEFIZFAL TV 5.

AVE—H VAT F T AP oF 1D ZGA5920 %
AWz, AV E—Z VAT I AN HIE N5 5
BAERE ST, FESEANTICB W TERZEEEES
TEMTERNED, FIERICEINCHIMEE S &R



3 2oN— 5 [l O PRV R Ot 159

DA\ C= R

——
I

Original circuit
Vin +4 Vin ’ I+A4i r L

(b) Perturbed averaged circuit
Vin ' 1 r L

Ji* Rc
V.
" in ¢ f R
Z, %] i DI <> <>D Vin® T C
Il

DC component circuit

Aviy” Ai r L
4 Vin RC
+
7 DA lG> <>DAV,,, C T :

AC component

Fig. 8. Input impedance calculation of buck converter

with open-loop control.

AlREL 2%, £ T T, FHEFRTDH S nF (DS A HR—
Z &R BP4610 IC IE5LIERIER S 2 AL, EFENTHE
MBEICHEEXIE2 2 THREE LTz, AV E—H VR
7S AYO AT 1ICEBETO—7, AT 2
I HIOKI 87 5 > 74 > ra—7 3276 D&/t Y
ikt LTz,

(59)

Table 3. Parameters of buck converter with open-loop

control.
Parameter value
Input voltage V;, 6V
Output voltage v, 3V
Inductance L 500pH
Capacitance C 330uF
Load resistance R 3092
Switching frequency fs | 20kHz
Duty ratio D 0.5
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Fig. 11. Input impedance calculation of buck con-

verter with the state feedback control.

Table 4. Parameters of buck converter with the state

feedback control.

Parameter Value
Input voltage Vi, 6V
Reference voltage V. 3V
Inductance L 500pH
Capacitance C 330uF
Load resistance R 3092

Switching frequency fs | 20kHz

Propotional gain k; 1.5221

Propotional gain k,, -0.357
285.0276

Integral gain k;
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S
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Fig. 12. Input impedance characteristics of buck con-

verter with the state feedback control.
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Table 5. Parameters of buck converter with PI control. Table 6. Parameters of boost converter with PI con-

trol.
Parameter Value
Input voltage Vi, 6V Parameter Value
Reference voltage V. 3V Input voltage Viy, 4V
Inductance L 500uH Reference voltage V. 8V
Capacitance C 330uF Inductance L 500uH
Load resistance R 3092 Capacitance C' 330uF
Switching frequency fs | 20kHz Load resistance R 3002
Propotional gain k,, 0.05 Switching frequency fs | 20kHz
Integral gain k; 30 Propotional gain k,, 0.05
Integral gain k; 20
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Fig. 14. Input impedance characteristics of buck con- Fig. 16. Input impedance characteristics of boost con-
verter with PI control. verter with PI control.
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Fig. 17. Input impedance calculation of buckboost

converter with PI control.
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Table 7. Parameters of buckboost converter with PI

control.
Parameter Value
Input voltage Vi, 9V
Reference voltage V. 3V
Inductance L 500uH
Capacitance C' 330uF
Load resistance R 3002
Switching frequency fs | 20kHz
Propotional gain k,, 0.05
Integral gain k; 30

70
60
50
L2 4

401

30r \\} Y

201

Magnitude[dB]

10

100

501

=501

Phase[Degree]

-1001

150y

-200 '
10' 10 10° 10*
Frequency[Hz]

Fig. 18. Input impedance characteristic of buckboost

converter with PI control.
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Fig. 19. Input impedance calculation of Cuk converter

with PI control.

Table 8. Parameters of Cuk converter with PI control.

Parameter Value
Input voltage Vi, 30V
Reference voltage V. 6V
Inductance L 1mH
Inductance Lo 1mH
Capacitance Cy 220uF
Capacitance Cy 470uF
Load resistance R 3092
Switching frequency fs | 20kHz
Propotional gain &, 0.05
Integral gain k; 30
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Fig. 20. Input impedance characteristics of Cuk con-

verter with PI control.
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