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Thesis Title : Analysis and Design of Paralleling Synchronous Buck for Low Voltage
High Current DC-DC Converter
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Abstract

This thesis presents the analysis and design of a paralleling synchronous buck for low
voltage high current dc-dc converter. This low voltage high current power supply is applicable in
switching power supply for microprocessor, communication or distributed power supply system.
The advantage of synchronous buck topology is low power loss in power switching and high
efficiency. Each converter operates in continuous conduction mode. Assumption for designing
this converter is that each converter is identical. The objectives are to keep output voltage to be
constant, high output current and current sharing in each converter is equal, high efficiency and
reliability.

The prototype system of a four paralleling module synchronous buck converter has been
designed to operate at 12 V input voltage, 1.5 V output voltage and 90 W maximum output power
are given. The experimental results showed that the proposed converter gave a 60 A maximum
output current, less than 3.45% ripple factor of the output voltage, 72.5% maximum efficiency
and 1.33% output voltage regulation and even one module defect, the system can continuing to
supply power for the existing load.

(Total 87 pages)

Keywords : Synchronous buck converter, Current sharing
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=V, +rds, (i, )+ L a(lLl )+1 () +Vo =0 (3-2)

d . :
L a(|L1)+(rdS1 +1,)0,) =V, =V (3-3)
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1 1

d‘ a Y
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d Y/
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il =— (i —-2 3-22
ot Veo) C. (I, Ro) (3-22)

1 ] V
V. =—|(@( ——2)dt 3-23
. Cojul R (3-23)
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i, =% [V, —Vo)dt - Li(rdsl+rLl)j i, dt (3-28)
1 1

.1 1 .

=T [V —Vo)dt - L—(rds3+rLz)j i, dt (3-29)
2 2

o1 1 :

IL3 =—J.(Vin _Vo)dt - —(I’dSS + r|_3 )jludt (3_30)
L, L

.1 1 .

i, :L—I(Vin -Vy)dt — r(rds7 +r, )I|L4dt (3-31)
4 4

NATINVBINTLLAN Iarm UG Tl ldanaums
I, =1+l +1 (3-32)

UNUANNITN (3-28), (3-29), (3-30) wag (3-31) adluaunsn (3-32)

. 1 1 1 1 1 . 1 .
= ——+—+— - —V.)dt—| —(rds, +r dt || —(rds, +r, dt
ILT (L +L2+L3+L4].[(\/In 0) (Ll( 1+ Ll)IILl j (Lz( 3+ L2).[IL2 ]

1

1 . 1 .
_ (—(rds5 + rL3)j|L3dtj— (—(rds7 +1, )I|L4dt] (3-33)
Ly L,
! v A 1 = Y
dyuussiuiianasoudunulszgrn ldoninaums
L ¢. V
Ve =— (i, —=2) dt (3-34)
s
uazussnueIdNavesulasdum Idninaumsae lai
VO

. V 1 ¢..
Vo = I (i, —=>)+—| (i, —=>) dt (3-35)
° - RO CO '[ - RO



22

322 ¥1amsinun 2 (DT, <t <Ty)

m3havesrsulasduluge 2 Suduiieadad Q,,Q,,Q, uaz Q, 1Wlavs uaz

a 4 a ] o
a710% Q,,Q,,Q,naz Q, 1UA2395 pavarINIAl DT, <t <T, 19TAUYAVDINITNINY

Tua299 1 uaasluaini 3-7

+
<

|
—
i |

a
£
o
»
=

I

1M
+

o

g
£

+
<
-
|

ol
£

o
&

IH FL— -
i [;

MU 3-7 2ITAUYAV0IN I TUr9N 2

A a 4 A Il o { o Y 1
NNINN 3-7 ﬁ1ﬂ1ﬁﬂﬁlﬂ'ﬂ$°ﬁﬁ1ﬂ‘i$uﬁ‘ﬂhl?iaPﬂu@]’JH’i’ﬁEJ'JHT’II’E)\?'N%?!UJﬁQWU!WIﬂ%

Y
1995 ldnnaumsae T
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HasIuveINIzuan lvamudtienim lannaums
i, =i+ +ip +i (3-40)

UNUANNITN (3-36), (3-37), (3-38) wag (3-39) adluaun1sn (3-40)

. 1 : 1 - 1 i
i, = —[fl(rds2 +1, )J.I,_l dt] —(L—z(rds4 +r, )J.ledt]—[E(rds6 +1, )Il;ﬂt}

1 . 1 1 1 1
——(rdsy +r )i dt —| —+—+—+— ||V, dt (3-41)
L4( 8 T 1L, )_[ L, (Ll L L L4]'[ o}

I o A 1 v 3 Y
ﬁﬁullﬁﬂﬂuﬂ@ﬂﬂﬁﬂuﬂﬁllﬂﬂﬂig@‘W"I"lﬂinﬂﬁﬂﬂ15
1 ¢,. V
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@ J o 9y J dy
LlagLL?Q@HL@W@W@%@Q?Q%?LUJ@QNu’ﬂ’lulﬂi]'lﬂﬁﬂﬂ'li@ﬂllﬂu
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1 [ { 4 @
(Error Amp Voltage; V., ) ABUTIAUIRAIAIUITIVDINDTNTOINNA WD IANA AIAUN1T

Geoun =20 log(\\//—s) (3-45)

ea

a @ 4 1 1 1T o o { {
TaglnAudiussdue1nnaveasasvetsnania (V,,) Ianmnuussauaiumagui

q

@ 1

wwwegaa (Vo) 1I9insaugega 100% daunsaumasaud1ue91993n0509n194 11

ri
F4

J v v W v
©IANA A0 12 V ANIUOATIV10U999TN0QEANINANNNTIURIRA (G, ) 1114010
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Gy ~ 20log(—>) (3-46)

VTri
unuaagluaumsiG-46) 914 20log(V, /Vy, ) =20l0g(12/4)=9.54 dB AaWU
HATINVBIBATIVYIIVDINITNTINNAUDIANA (G, ) (1 BRAT1VE1BUDIIITUOAAA N

v § [ a\ @ Y {
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HAZANHAULNTADUAUDIANNDAAA TUAINN 3-11

Gop = Gpwm + Gy e, (3-47)

p

Bode Diagram

Magnitude (dB)

A
al

Phase (deg)
©
o

Frequency (rad/sec)

MW 3-11 Ba31veerulavesrasulasiuazyuma



27

(Ge)

[

@

3.3.1.3 0T 198VBIAIAIUAVLITIAY

a

=
y

(f,=10kHz)

(G,p) MUNHANWD
il laa

AR

Yaveargsuilag

a

Lﬁ’E)Wﬁnim"léJ@iﬁlﬂ"lfJ’Nl

¢
U

am a
ADNI1TUAT

@
@

[

VNI UALA

9y

£
KN

[

ANUFUVDIDAT VNN -40 dB/Decade

v

Y
o

Y 1
FADIND VT

=

vy

9y

VUNEDITNINAINITATV 1A Y

= =
[
[

s

¥R (Compensate Circuit ) w1 Tl sarse]

I dniuNosaLYe

Tun

IADYTNINVD

=
B\

IU UINNIT 45 BIA LA

Wi

[

Q

NIAAINATINL

v

FAIN LAY

a5 (Total Slope Gain) 1911071 -20 dB/Decade laa]

[

ANUFUVDITAT IV

q

Tuaind 3-

UAN 3 AN

12

C

uuui Tl

2

vy e A
1o wiiah 3

MNA 3-12 299IAIVANUVUA

q

'w o"Q'/
Tagnflansu Toudeyearasnruaumi laanaums

q

(3-48)

)

C.GC,
C +C

(1+SR,C)[1+5(R, +R,)C,]

V., (s
(8) sRl(Cl+Cz)(l+sR3C3){l+sR2(

_Vo(9)

G (8)

Bode Diagram

Frequency (rad/sec)

~ A A
To wilah 3

3-13 MIADUTUBDIANUDWNITAIUANLUUN

q

a
HMNN



28

i 3-11 iefinsaniiaad f, wuhisasverslase (DC Gain) iy -
142 dB azinMuF NN -40 dB/Decade ﬁ'ﬂ1‘1?14’5@éf@Wimq%3muqmnjqﬁ’m%’1"lﬂzﬁa
a1 I8N 1ve1829A590 (Total  Open Loop Gain) 191181 0 dB HaziinnuFuves
§a319818 1Y 20 dB/Decade iiloMnTANIMAVRITZLY NUTTAINE T, 1sdealim

11NN 45 938 A9TiuyUaVE93Z VD (Phase Shift Around the Loop; 6 ) 1118910
0 =360°-45°=315° (3-49)

uazyuNadIMaa( Phase Lag) Nnwd f, dwiloawnn f, mildninaums

6

lag

=180°—tan"' (£] =180°—tan™"' (36101k7k j =164.54° (3-50)

esr

Y
ATIUI9ITAIUANIZADIT 095 U UW 11 AS (Offer Phase Lag) (A1

0,, =315°—164.54° =150.45° (3-51)

A a =\ A A 9y
Lll@Wilﬁm”I?:‘I?JL‘V\IE‘YEU@Q’NﬂiFITJ‘]JﬂﬂJLL‘]J‘]JWul?JGD"L!ﬂ‘VI 3 WWhlﬂmﬂﬁllﬂﬁ

co co

f f
0,, =270°—tan™ % —tan”' % +tan”™' (f—"‘jﬂanl [f—pzj (3-52)

Z 5]

~ Y [ Y 9 A A
INAUNITN (3-52) HNW\Iﬁﬁ"I‘HﬂQLTnﬂ‘U 270 93N ‘]Jigﬂi’)‘]Jﬂ’JEJl!NW\lﬁTllﬂﬂiﬂﬂ

g . v 9y =Y
299598 UNA U (Inverting Amp) ﬂlmmuﬂmm@uiﬂﬂhaaﬂuauﬂ UININD 180 BIA

=

a { A gy 1w { o Y
Llﬁglﬂﬂﬂ']ﬂTWﬁﬂﬂﬂ!im@uﬂﬂ’lﬂ'ﬂ 90 8371 Llﬁgﬂ'lﬂﬁuﬂ'lﬁﬁ (3-52) ﬂ’l‘ﬂu@iﬁﬁﬁﬂiﬂﬂﬂﬂu
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Wlwanazdlsdniufe f, = f, uaz f, = f_awddu azldd
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