’m Check for updates

Journal of KIIT. Vol. 21, No. 12, pp. 87-98, Dec. 31, 2023. pISSN 1598-8619, elSSN 2093-7571 87
http://dx.dot.org/10.14801/kiit.2023.21.12.87

Ay AEEA WA YA Ao alF ARUEAL]

d4 Z &+«

Digital-Controlled AC Low—Voltage Compensator
with Voltage Series Compensation Method
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This paper presents the digital-controlled AC low-voltage compensator with voltage series compensation method. The
proposed AC low-voltage compensator compensates for the magnitude of the AC load input voltage, which is the final output
voltage, with the voltage series compensation method using a power circuit topology consisting of a pulse-width
modulationPWM) AC-AC power converter and a compensating transformer. To this end, the proposed low-voltage
compensator simply feeds back the magnitude of AC load input voltage through a circuit consisting of a current-type voltage
transformer, a diode full-bridge rectifier, and a resistor/capacitor. Additionally, using a micom, it converts the feedback voltage
to a digital value through A/D conversion and easily controls the entire system. This paper first briefly describes the
operating principle of the power converter applied to the proposed low-voltage compensator and explains the control method
of low-voltage compensation and the feedback method of final output voltage. Then, the driving method of the bidirectional
power semiconductor switch of power converter is explained, and the implementation feasibility and good operating
characteristics of the proposed low-voltage compensator are validated through the experimental results of the prototype.

Keywords
digital-control, AC low-voltage compensator, voltage series compensation method, voltage control and feedback

* LA sty AR W * Received: Sep. 15, 2023, Revised: Oct. 20, 2023, Accepted: Oct. 23, 2023
- ORCID: http://orcid.org/0000-0003-1771-6526 + Corresponding Author: Gang-Youl Jeong
Dept. of Electronic Information Engineering, Soonchunhyang University
22 Soonchunhyang-ro, Shinchang-myun, Asan-si, Choongnam-do, Korea
Tel.: +82-41-530-1337, Email: gangyoul@sch.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2023.21.12.87&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

=A7F £3] ‘%}/‘g?—‘f}q[l IFAAE €7 B A
&2 AL A 2 YL AN M F
g AHFA o5 83 T shfoln A =

A2 03601:% ]z]{:].[ ]-[6]. qE
B ZY 2~ AN Az g3
A%l 2717 s0% IR HolAR clele)
of g 1A Fhsgol e wdm B
F b} g, ol dEAY] © B Alo]Zo]
T E7)AY AstEd, A A AFE
Ao} BLT R4 AUTAAE 12 Yeigtol
ol 112 S %< elulshs Aot
T ARYT 2 BHAY d9Ag ¥
FZ W ASANA B DE(Short)©]
(Faul) 502 Q3] fargch ol
(Trip)olvt A 12jx #d g Y34
o F2 o] HH, Yoyt H&A Astet AH<
29 =7} A& Ay Ao g AAy] 7+
A, 2E T AolE e gule] 7 9 4930
37} 5% 2@ webs AP AHGRA
< e w8 AiMde Sl Aoty
AR ARY 3 Tl thsskr] 2
4 &S Agsked, % M
b el A2 Bxd W ME} :LEM o] ‘ﬂ“ﬂ

(AU =2
pol >
o N
= o
e
AN

e

O{N Lo
o
Y o o (M rlo

o
o2
r
29
2
P

O
o] ok E T HYxA % *ﬂ_i— SCR H”

Aol AHWB1E Ag3IE Bk et of ¥
Mo JPggol W, T 279 A% wx% A
F7h BPHEE 2 D)9 £5BEL Bas,

SCRE| 7% H o] 4(Commutation) &. 2 Q18] F7}2<1
Agedo] WAE= S9 ® g2 EA7} Yot

[9]-[10].

i ZHZ(PWM, Pulse-Width Modulation)
7 HEH37](AC-AC power converter)E %
EFH0E AHESHA, follM Aud o
SES F Aok o] A 52
2 of Aeup mokl A&y AR/

A
Bd= Assid 2He 27

BN
oxl E|

2

N

xo rj

R T [
O

A o[o

4

(3]

it

g

o

R

R

rE

ot

N

Eyorr

18z i
[ A

o

R

S

N

-

rEl

u\l

rot

(i il

=

U

ofr

ol
A T

2 1o o oX & 4 Ml zo El
=
oZ,
o
rr
=L

e
=
N
)
o (="
offt
fu
rO
:<I>L_r’

Lo
o %% i
O E‘%
N ol
= re ==
ri
ax, Fd
=2
>
r{r
=
O
rl
M=
O
2 5
{0 —

oy 1T

ol -
X

i

™

O>-

d2d Aste B4
b Al Wl S| xﬂ

mlm
:()é

Bl o
ofr
N

u
© ©0 o u2

X2
=

rim
JErEo:_N_‘zi

ﬂ'rl\.loxarszréd

ko
>,
U

=
o
o
1>
4t o
2
[ §
2
2 Kl
:Ilm
ng Rl

I i
o
r >
1 o
L ol
(o3
© 2
F% (R
l o
€
ox
N
rr
N
ofN
o e

4 2
it
(=

b X

i K
o
to
(n
ol
1y
N2
MY
o

e

[

o
ol

ol

o
o

SIS
a
~
e

Ty

15 o oo
QL

ot
Ky
&
o
ki
o
iC)

=
>
0
o

=]
=)
i)

e 3]
A=)
A/D(Analog-to-Digital) 32
Aot 1A ARt
9 ;L]cuﬂ_ﬂ]. A o]akal o
He HHsA AAE F glomg %
= Zﬂoiﬂi o]-g-gitt.

2 =22 AR g5 o] 7449t |
, Al ARYEAZ7] AEH PWM W F-3L 7
gHgr]e s s s dwdith dga
ok AHSFRA7I] AR WA At »

=
4 A AWsta dEnsy)o e dYns

rol' R
r-
ol
-

b AR

:'."é
o
L
L
&
El -
=
A‘—‘G
>~

1. Metst

a8 lae AL 27 APUGEG7]e] thA A
)l 79} Aloje] Ade Hols Al A= 7id
200 AR AxqfRAg7|e) HEHg 3=



Journal of KIIT. Vol. 21, No. 12, pp. 87-98, Dec. 31, 2023, pISSN 1598-8619, elSSN 2093-7571 89

He T8 (b Hols 74d PWM nF-nF
Aeisy|ol RAPERQly] 7, 0 Z o|FojFt) 1

com

1t

=

1(b)9] DF-2F AEH7= I8 1)
*& PWM A7-2 7 Aguigr]|o
2| 27E e Ao
A wF AHLEZ

JE o p
=
oft |
)
oy

Jott
fu
o
offt
X
3

+ =t
. - o
Vs Power Conversion Circuit 2 Vout
- + Vcom - -
)
ns

AC-AC Power Tout
Converter - Fig. 1(b)

Controller & <
Switch Driver <

(@) Motst MMALAT|o| MA| A|AH JHE E8E
(a) Overall system conceptual block-diagram of the
proposed low-voltage compensator

(b) Zets PWM mF-uF M5
(b) Buck-type PWM AC-AC power converter

V. -
+l—|fa—l Ly i
N

i 12l :(;Sa * Ve -
in Sa .
Vin Df —

Vpe Co:_
T Ipf

0 MEX Zetd PWM AF-2F MHHED|
(c) Conventional Buck-type PWM DC-DC power converter
a8 1. Merst mF MHMEAT el =t Mool Y
Fig. 1. Concept of the structure and control of the
proposed AC low-voltage compensator

.
R, 2V,

O3 1b)olA, AEHEY] d8Ege] Lo -,

deete] 1xvk AR

g -c,v 29A% 0,9 gEE A
=9ZHoltt. 183 5,9 S+ 47 MOSFET 2
N AFd 28 ddste] 743 FLEF 294
ojty. Zt 29X le AFH AWANHE AE H&
g R-C UMY 32E WE AZste] 294 He
3L

Vin N T=1/f
T/2
>
v, 4 HRBnRY — -
> t
it PN AT
s =\ >t
VLOA
t
Vesdt
»
Vst
t
—»
T=1/1

(@) MM Fo 2

(a) Source voltage frequency scale

A
vln
»
VOA DVm
» t
. A 4 4
Io / \ / \
»
Vm“ Vin~ Vo L
» t
= _vo
Vesal T.=1/f, i+
ar, ot
Vasrd! At [+ > Al
At o

b) A& T AHY
(b) Switching frequency scale
ol 2 et PWM WR-uF MHED| 5
FR&o o|2X uty
Fig. 2. Theoretical waveforms of the key parts in the

buck-type AC-AC power converter circuit

o
Hu



B FEH|(Tumn-on duty ratio) DO o3 FEZA
(A, D=1-D) PWM WAog 2933}
T 28R A 29 T3 Adle 29149
24 AR 3 e ks WAsy] & b
ZEF)(Dead-time)= At 2 297 bdst
A AFEloldst e s g
a9 1(b)e] B4E

o] F4& AW ted 2t ol
4, WA ALAY v, d

¢, 7HEE At v, & A
o2 Ft aga 29357 1, ¢
HE] H(Active), Z2]¥ F(Freewheeling) 2 El
T WM SARER FEITH

a9 2% b 18 109 HEd
TREC 0|24 FAWRY S UMY Fore ~

J4RFTE 2A9% 247 Bl Aol o714 A
/.

_I

d

2

El

u

El

4

g2

)

> > i ot

% dle z¢ T o N

Ao
:og
e
1%
il
o W Lo
N

o
(M ot it &
)

Ruf

A} FE f=1/TE 29T £ =1/T,
of vlef mi¢- ===, Id 20)14 dHAY v,

B FHAY o= AT HFoE A =AY
o O9 32 AEEe] 3z 74 $AREY F

= | Y
we} AR E, o] RE Bk Y AR WE

Aij, = —" " A (1)

T8y REE I8 2b)e FFAA A, Az
EQF E2to] o] ZojTh o] REMAE 18 3(b)

g Zol, 294 5,5 Hox 293 5= ©He &
glojth. 1™ JAYE HF i, 7t 29A 5F F
o SYe Hoz sawx AH HEHH RooA

=
o

o} ol JIYY AR i, o TFES AHH dHE B
= =

Cna . Rna
|_|+ EwWw—l
> v ILo NL'OY\ /o
n + +c

S nf +
+ a s
Vm@ Vest|[+ =l Vg C— Ro:: v,
- R 9 _

4, ST J| <

(@) HEIE 2=
(@) Active mode

na na
. - i, Lo i
S — Y Y,
. Vv, -
ImA o o_o . Lo
Vv, + C
GSa,
SR e g
c— <
Vin S, Vesi+ - e R Vo
' - :
f l= »

() =2|gd 2=
(b) Freewheeling mode

na Rna
+ f v, -
I sa i, Lo i
J oo / 'V Y\
i Vesa .t Lo ~
+ + C
nf
+ S, [ *
Vm@ Vst |+ Vsr c==R, 2V,
R S b3
- nf -
L S i J <

(0 2%1%| S.of HRE A| HIEEIY 2E

(c) Dead-time mode when the switch S, is tumed off

vy
o< +

d) 29x| S HR= Al HEER] 2E
(d) Dead-time mode when the switch S is turned off
O3 3 MHHED|e 2t FREES ST =
Fig. 3. Equivalent circuits of each operation mode of the
power converter



Journal of KIIT. Vol. 21, No. 12, pp. 87-98, Dec. 31, 2023. pISSN 1598-8619, elSSN 2093-7571 91

7_}0
iy = — At )

HEelY Zos I8 209 29 3() T (d)
oA B vie} o], 2913 5 EE §7F X
g 2904 5, =2 57 44 2L griA 9
- g AL A, BT A, B olFoAE
FHolt. olgf 2 o] Ff AHHXE Qle) ~
A "Hexz Xuolg ouiz7h ARG W
o] A e 2913 Fee] ¥E Add 429 gr-
C AE 2w ﬂEA 7AWAE ¢, EE O,
Fran ol@A 9 AU I™ 3@ (b)
AN EAE Hpe} o], JEH B 2]y RE
AN d == 247 294 s, EE{— SE o}

2o AL £
&

Fig. 4. AC analysis equivalent circuit of buck-type PWM
AC-AC power converter

Al Y A ULO(t)% 2R T,

S

Far

[V, (8) —v,(¢) | = (1= D), (¢) 3)
t

A7NA v, () o, () T, B 22 A% 7
ZHE T LAY} FEAYNT, D= AL/ T,
L oople 2907 g9 Be FEHoln, £ «
A AEE A v, (09 #A AL o, (0)E

di;, (t)

v[,o(t) = L;t (4)

Uo(t) :io(t)Zo (5)
A7IA i, ()9 i, () A4 A J8H A/
=9rFoly, zv AT A C-r Y W
g 571 298 Yudzolt) =3 7, B9 fA]
2947 4, () <Al A998 A/ i, (1) 2 TA
YT i, (v BT ZAHCE E}%A HAL
AgEd

i, (t) =i, (t) (6)
i, (£) =Dy, (t) ()

agjsted A B(NEFE theol o] =&Hh

di, (t)
Dvm(t) =L 7 Z()Z()( t) ®)

O3 4= 4 @)l g8l EAF 29 1)) BF
aF AEW ?}7]«] JJ_TrOH’H 73| 2otk O]ET

— (o] 9
Vi.(s) L CR +sL +R, ©)
. ®Mokst wF MAMALHAT|9| o]

3.1 MU LE 2| Hojgh4

% 55 ARKE wF AAQRA7 S AA F4
< Hole HA| A28 EFtoloa



~

d
) z;] 2 & h

TS(VG

Sa(vGSG)T

Voltage feedback &€
MOSFET driving circuit - Current feedback comparator circuits
Fig. 8(a) & (b) circuit - Fig. 6(a) - Fig. 6(b)
A | |
[ v A 2
| PWM output port | | A/D converter |
| PWM turn-on duty (D)) | | i, FB. AID value | | V. FB. AID value |
<—| OC/OV protection | Change interrupt [
Pl Voltage controller Vv, discharge [T
il
Ll
*OC : Over Current, OV : Over Voltage Micom

J8 5 Meotst IR MMAEAV|o] MA AlAH
=ECio|o{ I
Fig. 5. Overall system block—diagram of proposed AC
low-voltage compenstor

T8 nF AR e, AL} o, B
WRES e WS o, AEAF ALHL]
377t (Nominal voltage) A &X|Q v, Ho} 2&
HE ujgth & AdSd BF AMGRAT A
01—:“4% TR} J v, PE% wFtet dEd A

4957 T, %O&ﬂ oma HFagol kAT
o

TEH A (volt-second balance rule)= THEdh= AR

3 2 3)CZRE T 47 o] ALkd
U()(t) = Dvin(t) (10)

oA7|M D ¥EEF 294 5,9 "2 FERE,

El
&= 1]
z
ol
o |
JE
mus
>
2
lo
N
>
2
oxl
oo
é
RS
AU
rE
2 T

v (= v)% WFFEEE Y

2
H @AM p=nN/N Y B T

com

Vout = Vin + Veom = Vin + nv, = Uz’n(l + nD) (1 1)

0:17]}\1 me% ]- OHL7] ]’wmq ZX]‘{ ]E]-

Jejetel wRRel etk o] EA v,

Aoy71e] F& oJsf Ax ALHYY FHAY

AEA 1, A E, = V,). 1EE B

pAGle AR n e AA PAY Vinmin ™

AA 4YAY A9 FH de KMl o, 9 A

AP ZHE Thgo Al ofs) szt
Yoo Vinsmi 12)

om Vin,min

A Foixl AT A nel is) u
ot dEee] AsF v, 01 WAl 2 A
Al =AY, AEwsy] 2904 5,9 ©
TEIR D A= T3t Zo] Fojzin

I/nom - I/iTI
p=—nem in (13)

AAE BF AAYEAZE 21 54 HRo]
no] A o] gste] HAE oz Ao
a9 6@ wREs dHAR 9 ARAE

Al Btk o714 A& R, F R,E A7F AR
ZOH(R,=R,), C.T 173 xo|= IH A
Aot I8 6(a)9] A=2HE, i, ol 4
I o), A= v, /2 WEe fAANE AL A
A3 = Y, (=5V) JE deld A A ow
29ehs AFRAG V2 HE2AYY Fr13).



Journal of KIIT. Vol. 21, No. 12, pp. 87-98, Dec. 31, 2023. pISSN 1598-8619, eISSN 2093-7571 93
o A7 n=N/N S BAHATIS dARo| 1
Nype 15 AFAA ACCTAC current transducer)
o] 22 Ao,

A (149 V.= 19 59} 6@olH BEo), njol
7] AD W E YYE o] i AFHEe A
g FAE W3k a8a o] Al FAlHSt

AD (= V,/2)°l sigst= AD W8 HAE AK=full-

AcCT 2 o digitnumber/2)E W %, 29 HFH(2’s complement)
AV of o3 wRRI YHAF 4,9 AN 1S
s Fetal o] F o] gste AHF AFE A=A
Fig=

Ve = ;( V.t R, (14

tout N
cT

a9 eb)y= At uF ARGRA7Y HAFE
quel meReh g A v, ) A Hew
5 AD -
A % "arsare 3zon, I8 6= MY & 3o Fie
e . 3R Holt o2 wFolt), o] 2t AFY A
- E %}7] CTVT(current-type voltage transformer)[14] & &
e x % A By folet FE3 H|W7|(comparator) FO
T = 2 749 o] =AM ARAE C e AR
Ry Ry Cp ange palels LS. 7lo] AAIE]
AN ] 5 i(rirerrugpt T H V:l[;7}‘ ]:]-UJ’]- E ] (E o \_.]:]-
M (g)
Rd3
% %C P / ﬁl |— V| dt (15)
—L— de R{]( CY{][ T RQ Vout de
(b) T Vou
(b) Voltage Vou
Vour A . , o714 wFFEsE JHEY] A o, BEASG
Voul ou2 out out ~
8 U2 Viewr® 2 37 1,3 st 2e 247} 9ok
4 - d - > t
\\\~~--/”I’ \\\\~~- 2 N 2
Vrec:%llva'”l I/d(’.out = ; I/out = 7 T ‘ Uout | dt (16)
A _ V,, B = . 2
V::C // \\\ // N // \\\ //
f NN NS w4 a9l v mRe e A 2
chA 7] I/oufE }‘Oﬂb‘]-]:]-
>t g, 19 6 AAE ¢, 9 Ak v, A
v is“
by | | . QAL W)= T/2)Rhe Ak A5
o A71Q1 wlolz e AD WE7|oA TIAE 4]

‘ Change Interrupt Generation ‘

2 wgEn 283 AFAY VE v AT
() Mgt m=el o] 2% Tty o e AR Vf’c Vosa: A2

(c) Theoretical waveforms of the voltage feedback f3 MOSFET 2914 5 dis = TH - AT st He

a2l 6, mEEsle oM Ee} XMool m =l 7| ste] AR AEH Cdcoﬂ Ha#dg A4% #3-MOSFET

Fig. 6. Feedback methods of the input current and voltage €322 Eslo] wAgtoz g 1:} AYA
of AC-load

] WRTlh oled A AL WBSHHA



94 A HAWY A A

g
=

W dEd Ak v, o FHE AANTAHR
A& degin ol AYHYY] F7] Ee wE
7Ie 19 609 vl =S o83t s
ANRA 7 YRty & aRtet dEdde 2
7]V, 2A} XY 2 2k 2 Aol wn
719 EGAE o o s WSk vlole w3}
QAEI P E(change interrupt) 71%5-S ©]-&3te] ALAL
o whEzimitte] g AR Aty o]k
Y g5 A aRAYY] 7] EBE P
A& A AY Axke] Y8 BRe sed 32
U Ak daejgo] sk ¢ar, £ AlojE s

Alef71e] EpolrE HE

O
e
o
ot
o3
ox

2 o]83kA &7] wzol v
Jo] ot Ejste] AN wF AR

HEA7I= Ao712 A7H vlol & o] 83T

Fault :

A/D conversion of AC-load
input current (ni,,) =% i,/

—>

ALL SWITCHES turn-OFF

N

A/D conversion of AC-load
input voltage (V) =V, .

OV_Check :
Vieour > OV level?
N

}

Disable Change Interrupt

>

Y

Initiallize all variables &
Enable Chage Interrupt

|

Change Interrupt

A/D conversion of AC-load
output voltage (V)

Pl controller of output voltage v,
using V,, (Eq. 18) —» v,

v

S, operation —» V,_discharge

PWM turn-on duty upload
using v, and D, (Eq. 20)

T8 7. Metet WF MELtEAT

=P
Fig. 7. Software control algorithm of proposed AC
low-voltage compensator

aga 4 (159 A
o] Agx

V:l(

*OC : Over Current
OV : Over Voltage

of AZEQ 0 Hof

b4

ol

o )% wFH

Z(:]_CQ— V:)'ut = V:)'ut/ \/5%
Proportional-Integral)-| ]

*

v(: = [(p( I/o'uzf - I/o'ut) +](L/( I/(jut - I/o'uzf) dt (17)

*

2 FHV,, = V) A (179 PLAIY)Z]E HA
g Ao Althe] &R (trapezoidal rule)oll 28] TA|
g ojibglate] thEol o' Ao7]Ql mjolxd
2 L= TH15]-{16].

*

o[+ )T =K (V. — V... (kT)] (18)

pLtlo ou c

+ K - xt[(k;+1)T[j
A7IA k=0, 1, 2, - )& HAE Ao] AlY o]4HA
Fola, T.& AoF7Iol, z[(k+1)7]v et
2.

el(k+1)T)=V,, T.— ?"[Vout(kTC) (19)
+ V (k=1 TN+ 2 (kT,)

a8 4 (18)9] AAAY v ' th=e ol &
sto] wlolA o] PWM Bl wH HAXH A5 D,
= $HgE = mlolA Ao PWM H2 wE #HAX
B JZT3i}

D.=K -vl[(k+1)T)] (20)

A7 KE A% DE AT A% Bakgel
o olgl sl WA PWM Bt P 2
A s, o Zolm, ol ofstel YT 291X
5,5 5,8 A% JRHOE Aojsty FEFOE
A LF ARAT A% 2
3 QEwe A% o, & Aofsin 1A
3% 78 ALY AHYGRA7IS A}71el A7
vlolze] Hgw 2TEG O] Ao} LuEEL



Journal of KIIT. Vol. 21, No. 12, pp.

= ol =
33 ek AQx[e 7F
PWM 4 Voo
ouT
> t
Ay
7
e = Vir
> t
A (ta,
VGSa on-aj P
ON ON ON
> t
H OFF OFF HR
-V
Ver “— Vcc off-a > ¢tad y
LT
> t
A > it
Vasr| | Vot t |
ON ON
> t
OFF OFF OFF!
-V

off-f
(@) o|2d ==ztuy
(a) Theoretical operation waveforms
@ @

Ba»1 Ba-z

Do Dol
R, A,
C

PWM OUT -
from the Micom =
Rf
Dy R

v,
cf B,

_N J_+ >O__MA,_>Af

b A2H AF Moot HEEY MM 3|2

(b) Circuit of the complement switching signals and
dead-time generation

UX
NC|1 __ 8 Voox
! v,
o TR
A I v + on-x
Fig. 8(b)>—14>— | e R, +1C,
K Yi i v
il x| 3 I 6 VGSxL Sx
i} ; e + R
| outx \ -] ™
TRoff-x S
NC|4 | 5 Vorrx x
SHIELD Ve,

) 2%x F=32
(c) Switch driving circuit
J%l 8 M ohsh afdlsk AQX| bl
Fig. 8. Driving method of proposed bi-directional switch

8(3)11: 001"%:} g 2~ -?’]7?] TE329] o224 %3].

87-98, Dec. 31, 2023. pISSN 1598-8619, eISSN 2093-7571 95

yu )
=

& 290A 5o tigk PWM A2l 1712 d=
Ao ARF A& TH 2719 4EA PWM Al
E A= 3| ZoltH13).

a9 8 DolAe 7 32 94E o] &atd
=2 EE AU (logic threshold-voltage) 1V, 3]
HEgd g Aol e 2709 PWM HEX2E
At a8a olgA AP 2719 PWM Ex
g I9 80b)Y @A HHHNOT) WY AlClEE
o] g3ate] JrRA pWM B2AE W3]

I8 19 59 HY3|EoA HFo] 7k oFF
g 2929 5 Ve A9 BeE FE HEH
MOSFET®] 42 T A€HSy] 329 AA 7]
= A9 sl E=H(floating) o] ot =
2 7} e MOSFET 29149 5 7% AAE

A ZE(level shift)ste] MEA AAHT FQU}
A, o5 Y3 1 8(c)2] MOSFET 5 ZEF
1 U, oﬂ ,]6]- o]:lﬂsl: MOSFET /\‘r];(] :FLEgli

o] &gttH17]. 3 19 8(c)% I =7} FE3te
WeF 29X e 9udeR Ad A" iY
MOSFETO.2 FAHRZ ZR3 TEHF7} e
sty 1HEE o2 $3le] NPNI PNPH O €3
g EARA=E TR, % TR, & °l&st] 74
29JA8 5 AR o5 MG A7 74
QA0 ol JlA v 7 FLF 29A S,
© 5.9 oklEA o Ee 7t HH, 4 Fras
e it 2970 LT FeE HEHT

L

u)

of?‘. ﬂllﬂl rUl

Fo

rir

W& ZAZ 7 Ay 3z Y 29A 9
TEIEE 7Y, 19 79 Ao dagES A
7FE whol Aol AZEoFow xE sty
o715 F&sATE. 1eja oA A&t AAF
ARGRAA7E o) 8dt] APe ek B 4
Jol AH8E SAHAH = LeCroyAHe] TAE A=
23X LT264(350MHz, 1GS/s)°]th.




96 At ABEAY L4 HdAE Ao wF ARFEAY]

E 1.AME CXE Mo 1F
Zt 5|2 mz2jolE

Table 1. Each circuit parameter of the power circuit of
prototype digital-controlled AC low-voltage compensator
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Fig. 9. Static operation characteristic of proposed AC
low-voltage compensator
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