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(Control of the Buck Converter Using the Function Control Law)
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Abstract

In order to achieve the zero voltage regulation of the output voltage, the function control law will be
used. In the previous function control law, only the proportional controller is used and the stability of the
closed loop system was not analyzed. In this paper, for the realization of the control law, a new method to
retrieve the low frequency component of the inductor voltage is proposed and analyzed. The large signal
closed loop characteristics are also analyzed to ensure the stable operation of the system disturbances. By
using the function control law in the control system, the effect of the disturbance of the supply voltage is
reduced in 93.3% for the direct duty ratio method. Also, in the effect of the disturbance of the load cur-
rent, the output voltage has a long recovery-time and is changed proportionally in the direct duty ratio
method, but has stable in the function control law. Finally, the analysis shows that the disturbance of the
output voltage being due to the supply voltage variation can be eliminated completely and the closed loop
output voltage is insensitive to the disturbance of the load current. Therefore, it is proved that by using
the function control law, the switching power supply with zero-voltage regulation output voltage can be

realized.
LA =B Fo| g Holof gt 243 K= HYdo] ot
A AHAME 29 Ao WEEo| ol =HE
AT &Y Age e *94’"" AR EE #e Zond 29 Aol A AY Ha AF

deld 33 Aol Hael Weel WEol A= o) SPHY W AojArk Teisel B Wk 2

= At 3 oy A&snonxas_ 23 A W 3 AR A Jus HT PHNE 38 A
of 9L 7NA g Aol

e 1 28] AR AolEe 4 AUl Ao

g gql - ;;;:m%w Ay ofm[1, 2], o) Weld &8 Age AV )

B4R 1997, 5. 9 F A3} MIYD o FB7)9) FHL ANgL

F11¥E F65% 1997F 128 (717) 81



Aolshzd] AHEET. T#u o] Mo Wyom=
Y Ats BaAFe) WSe wE g AA
2 4 gl ohksld 23 Agko] M & o
AR o] A)zd 4= 9ly] ot}

3, £3] ALEE G2 Ao} BEe AR uA

Aol[6~812Md], d714 QAEE AF= 28 At
A ABPY. og ZE7)9 2¥e 297} B
—9THAS u) A= ALY AFo) 3t Alo]
Hyoz A4 AP 3Z gxde] o) A
F 2 Aol7t A Agte) AL AA B 5 ¢
th a2 oL Bl WRAMY e AA &
4 Qlth. 29 Hke] A WESo] Ao 2 &
< A7) YA olml ANE 5 Ao} TYE AN
gth. aeju o] 7He oW 32 WErE wAE
A% Wilo] o}y AYse] YR R, oA L A
2o Y AT 23 AFe) Wssl 4L o
9 Ao R EANT. 1 AAde A Mt
Ba AR WEE0| F Ao By,
2 =RdAME Buck AV EA g &4 alo] 7)
£ FEstT 29 Ao A WEE| Aol 7}
7He ge HAZ 85 Ao 71Ee £987) )
A LA AYE oM BsE Hete) AFH
HES B 98 AZe WS Agkela 24
stk 78 Azge] FHow Faee 2o
7] sy A Ak R Afe) WEd we
Ao A tAlE HFI E4S B,

il

O

2. g+ WO oY

2.1 g4 Hoi 71y

293 AR7NE F N BFHY FROZ o7
old slch. 294 vEY Aojglzz F2 74
Hoixm 29 1o 2913 7AnEle] Uukyel B2
=5 Yehlild

2903 AHEY 28 Ate AYAY v, AuE
a 293 AWEY oj7 Hae 23 x9F EPHo)
t %,

v,=f(v, %, @) (1)

82 (718)

SWITCHING -

Vs > CONVERTER —>Vo
o X
CONTROL Vo
CIRCUIT  je———v,

Tal 1. A%YY Hefele) YiTlol HEE
Fig. 1. Generalized block diagram for the switching con-
verter

Aol 29 2L Al o), e ABE
£ A3 SYFolth 3,

a=g(y, v, V.) (2)

A7I4 V.2 71EA%4el2, yE 294 AES
32 ArEe 2 Uit yo FANRELS
AFA TS0l n AAF o Aok k. 4 (1)} (2)e)A
Ve A BE HFELS AEYgY HFHo)
Yoz g AoitHdA At AHlE o=
a9 13 Zol 4 (2)9 gHog FIFY & Y}
d& &9 Pl Alo712 Apgg AY Aose 7
Fole @2 29 Adkto] HEE.

4 1% (28 2@ge=H AT 29 A v,
T sz ENH0 A4AtT 13 ARAA
9 WFol 29 Al J¥L AL & 4 U
S, A WEEo] go] H7] A AgsEE NE
5] HFIZ 29 AUgto] AYHYo] HauFfs &
HHo2 WA @A) 7IE Aol s AY
Ho|A =g 2H3| desofof it}

add AeisjzeMe] A EYAlel A
A dake 4o AT AY J3E Mo
e 2 HLE A vl AFEct F, 4
(18] A& e O 715 o2 T9HA v, x9
vo.d #Fo2 FAFTE ojAe HE £93 ¢
F o F,

,=h(v, x, v,) (3)

A (3} v, x9 v,o g3 s E TN
29% AWE7t 98B gl Aulgg Ao,
o|Z 9] AlojF| 2= o] AlH] &S TEY] HsA 7

RREA - B BT



Vs SWITCHING >V
CONVERTER - Yo
o X
Vv function control Vo
s circuit -V,

a = hfvs, X, k(%-\o)]

38 2. 8 Mol o2 M2 Yo #8T
Fig. 2. Block diagram for the new strategy of func-
tion control

Aol HI Aoj2|2 Y} 29 Alo]d] FANLE
A (4)s} 2o] "t

dc:h[Vs, X, K(Vr—vo)] (4)

2 (42 AotEE BAF Rolgh. o7IM, ae
Aoz 2eA wrEol Al &S vehls, Ke o
8 2Z7)9 Aol (V,—v,) & BHAS%E Yehd
th 293 FH719 HFL 54 4 Q) WER
g thedt 22 A4S 42 5+ Aok

h(vsr X, Vo)=h[vs’ X, K(Vr'—vo)] (5)

9 Hezny 29 Age st 2ol Urk
vo=K(V,—v,)

V=g V. ®

Ho3| 2ol A gHEol AulgL HPHE ABE
o 53 Y2 A vekd & 7] Wl olzl@
F579 Aol 71WE g Alof 7ol ¥t 19
29 ol2|g Ao} WP EEEE Yehhsd-

2.2 % WO{7I&& OB Buck UHE Hoi

Fold Aol EZ2Ad diEll & Ao} 7Y
g Ao} & T3] AAE A DAZE Ao

(a) g A 24 AY v.& AHE o BEAY
vel B2 o 32 WsE x2 4 ()3 2] ¥
g

(b) 2ol AN E oA BIsd A& o7}

F 1L FE65% 1997 128

ER0 JifE 0|88 Buck ZH{E R0

Lo + VO
. fa'aal

TR
s
V. DN va) C <R SVolt)
@
al + VL
Y,
+ L i +

Vs

(b)

38 3. (a) Bouk HHE] EFSX|
(b) XFu} 7} &2
Fig. 3. (a) Buck converter topology
(b) Equivalent circuit in low frequency

Ve Voot x2 4 (3)3} Zo] FHHEE 3]

(c) ()DAINA B WA A vl K(V,—v,)
£ diddsto Ao} 74, F 2 48 ded. o] ¥
2 Aol #HFE 27 AL AYALely B3
AFe WrozRey Jgs x| et

19 3(a)¢} Buck 7AWEE £33 o] 329
A%t 57 028 29 3(b)ol et
7123|329 AYYF 2R, L3 72 WA
4 FE¥ 4+ Ut

v,,=(1—a)v,——L% (7)
g Ao W 3 Ao g5 FEF7] Y3
T oA AT A (T25E AulE ool B3t Bd
Ag dE Aol

di
B Vot La

a= (8)

Vs

Aojzize] AdHH 282 4 @M viid K
(Vr_vo)—g. EH%}SI:}‘—Q-EM‘ ?'_1‘017\(_]_;}'.

(719) 83



K(V,—vo)+Lg—i
azf (9)
2 (8)3 (9)28E HR2E 59 Hge vpe 7
o] dojAry.

.o K
"TK+1

A 02} 4] (6)& 2t

U 28 AHYE Y3e FEIRAME TE
M V2 gAY wEkA 24 102 Ay (9)
o 9] HFEXL H Y HAYL 7IEHY v
gHoz Q7HAFE »lY. o] A HFZY
HaEy Mool AAAYT FaAfe HEol A
2 o= A ¥ BFE gulEiy. netd &
& Agte] MEFo] 9 (zero) 22 Hr}. Ao} 7
w3 A (9)2 vl Ho|r) A& AYES] F
TG g F 7ie) 8] ol vjsta dY
Agtel whajagich. E1o|A BEupet o] 2 v
A8 9] Buck ZIHEISL Z3ho] d u]dE Ao
F7h ZEE ol A2 AY HIFZ AlAgo]
g &, HFZ YgEy AL 7lEAtelwt v
gtch, APAQto] WE o Au gL FA] w3}
A 2 Aolx o] HY At WY JgS A
YA Axe F7HEUE ¥ Aotk ugtA &
g Agke WskA ¢ A

AYH ] HEAgy AT F3AFY HE
o] gs Foled AHEEAT. AYHAA HAE =
AL Y z2& HAF Wl vdsly,
o] Afe HatdFet ANAH HF I P
Fatdfrt Wetaz @ W & Faf AR7F A4
2 AslEy] dolA £}, Ao 32 B ZLo]
o] oIt A" AH| &L FE3 FE3q AF
ol i3 FEEd AL WA et

ag4d g4 Aol 7S AHE-3 Buck zwE{S}
EE5EE Jehligith ddE gt WE AEL
BAEAA L o7 Ao] F3(9)E W3] A
A, Aol7]e] 2 Kz o BN FE
& Ao thA] PAPTOZ BMo| 7M53nE AE

V, (10)

84 (720)

WEo| Atk AL Baglon weby 9o B4
& & Ysugd daiE $Ea.

2.3 2EH U9 JFI 2 DY

UYE Ak AFa 4R ABES T4 Al
718& AHg3te Alojsherl Bkt 9714 QY
H g AFs RS & 293 FU18¢ 3T
#eol 9 2943 Fo AR Fez wddo
of ZEAME AFT HJES BAE F A1, 29
A FIHF RS AU F Y YRS A
T 27 49 3= AAY g Ao T]Hol
g E25E Yehhid

A5HA =% EEolA Buck TnEe AYE
£ A9 o3 2g.

vi(t) =k(t)v,—v, Y

A7), k(DE 2907 B4olT T3t 2o F
slgi}

k() _{1 when S Is on 0
10 when Sis off

299 §5 k()E AT 4R oot 297 Fo
o nz}E2 F4EG. 3,

k(t)=a+ksin(wt+¢)
+ 3. =%k sin(nwt+@,) {19

A7, g 29X Aulgeln w=2d, {2
2917 Figolm,

k=2 | sin nar |
m

¢=‘275—7ran, n=1, 2,---0|t},

Buck >Vo
Converter \

Divider X

a8 4. g5 Hojd @8k
Fig. 4. Block diagram of function control

Vs

~>

-
ac-—vg

Vo

Vs Controller Ve

L

fRH - BRRHBEER



i Voltage-Current] Ve
Conversion L

Sample and {—>v
Hold z

Vow

Tl

38 5. Qie| MelolMel XFEm Mo S 2
Fig. 5. Circuit to retrieve the low frequency component
of the inductor voltage

AWE 9] 8 Y9 YA Fagrt 293 F
Serg 848 927 gigc A3 Fieadg 2
FAE AEE FA) A & Yn AE AL

2 (19} Zo] "t}
vit) =av,+kvsin(od+ 72— ) (14)

AYAY vt AFste} sd & A9 Fr)5d
AL 7] Wil 4 e 4 (59 2ol .

vilty=av,—v,+ Asin(wt+r2—¢) {15)

A7)M, A=k xv,E & 293 F7]5 W)
etk 4 (e AGE AL vt)7h 2717 wat
£ AZT RS QRS 271 27 @ 2909 A
VE<H AFA 4 299 25 JRoT 74
9 uol 2o Ady W) AFH Jre 17
59 320 o8 wARITH

o) 329 U vio] T AY, T HE v,
AZE AE AR v, 02 olFold Sitkn 7y
3. 2,

vi=Aisinet+ Asin(wt+¢)
= Ss'lg“i' Viw (16)

A71M, ot A3 FAFIL e 2943 Fae
oitt. dF Mgt vid HHAAFE ABHT v,E A&
AA F7ivith A e ] ALE AEAF grold).
o] AWAEE MEY Fo| A 27|35o] e
g F715¢te] ARE FAHA ged 4EY 7)
et 1539 A2 v HEHE Foly| fEd)
28 v,& 94 948 43 V.9 AFa e A
Brhs ¥38 ok 19 6& 19 59 A¥AY
}E & ATt o714, 1F YR A7) A=

=115 B65% 19974 128

EHI0| JIHE 0188t Buck ZHHE X O

20(V]eln 4% 42 27 A=1(V]e|Z |3
& Al @A 5% E3sich. 294 Fass 50
(KHz)o|2 A% F35 5(kHz)eleh. 19 6914
U Azt 27 FRoENE By A &
e ¢ + Utk FBY He ¥ 293 715
o, FY AG .o 7EFHE 4RE g A,
294 77 T=10(m)lH olgHd Az A
H(s)=e-nt 19 59 320 tja 9E 429 ¢
A% Y WAE 2oz ged) Pol 2
% gtk

H(s)=\\//—_2((ss)7=e'ﬂ' )
AN F9A 4 (118 28 AU vyl A% A
Ve BT 3 293 7] THHE AEEe Yehd).

S

=

vo(t) =vg(t—T,) 19

(b) vag and v2

g 6. O 59f NYHL 1Y (a)v: (b) v (c) vy

and v,
Fig. 6. Typical waveforms of Fig.5 (a)v, (b) v. (¢) vy
and v,
(721) 85



38 7. Buck #u{E{e] §7}3|2
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