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Characteristic Analysis of Multi-Phase Interleaved Buck Converter in
Discontinuous Inductor Current Mode

Eun-Sung Jang and Hwi-Beom Shin

ABSTRACT

This paper presents the generalized and explicit expressions for evaluating the performance of the
multi-phase interleaved buck converter (IBC) operating in discontinuous inductor current mode (DICM). The
full-order averaged model is derived. The generalized transfer functions of interest are presented and the

dynamic characteristics are analyzed. The generalized analysis of converter performance is verified through the
experimental and simulation results.
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Fig. 1 A multi-phase interleaved buck converter
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Fig. 4 Current waveforms of 4—phase IBC in DICM :
(a) inductor current, (b) output current,
(c) input current (r=20)
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Table 1 Small-signal characteristics with increasing &

Increase of V low freq | midde freq | high freq
Control-to—output response fast fast fast
Insensitivity to input variation good good good

Insensitivity to load variation bad bad similar
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Tabie 2 Small-signal characteristics with increasing &

Increase of &

low freq | middle freq | high freq

Control~to-output response

slow slow fast

Insensitivity to input variation

good good similar

Insensitivity to load variation

good good similar
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Table 3 Parameters for simulation

Parameter value Parameter value
v, 12[V] D ppase 0.560
K 0.625 Dy phase 03%5 °
T, 0.02[] Dy phase 0.280
Iy 30[kHz] C 22{uF]
L 6.25[uH] R 0.6[<]

E 4 HE A
Table 4 Parameters for exper iment

Parameter value Parameter value
Mosfet FQPS5N06 C 20[uF]
Tom 0.01[Q] R 0.6[2]
Diode FR307 M 05
v 12[V] M, 0.33
K 0.625 Dy phase 0.560(M=0.5)
Te 04[] Dy phase 0.395(M=0.5)
s 30[kHz] Dy phase 0.280(M=0.5)
A 6.39[1H] T 0.028[2)
L, 6.58[uH] Ty 0.027[<]
L 6.57[uH] T 0.028(9]
L 6.39[uH] Ty 0.028[<]
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Simulation results of 2~phase converter:

(a) phase currents, (b) output current, (c)
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Fig. 8 Simulation results of 4-phase converter
(a) phase currents, (b) output current, (c)
input current, {d) output voltage
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Fig. 9 Control-to-output performance of IBC :
(a) single-phase, (b) twophase, (c)
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Fig. 10 Output impedance performance of 1BC :
{a) single-phase, (b) two-phase, (c)

four-phase  {(upper  trace output
voltage-5[V/div], middle trace inductor
current-10{A/div], lower ftrace input

current-10[A/div], time/div : 20[us])
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