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DC to Single-Phase AC Grid Connected Inverter

with Boost Type Active Buffer Circuit Operated inddontinuous Current Mode

Jun-ichi ItoH®, Senior Member, Tomokazu Sakurdb®dember, Hoai Nam L& Student member,
Hiroki Watanabé&, Student member, Keisuke Kusé@k&lember

(20XX 2@ H @ H3ZAF, 20XX 4@ H @ H H31t)

A novel circuit topology for a single-phase invendth a power decoupling capability operated iscdintinuous
current mode (DCM) is proposed in this paper. Aveiter connected to a single-phase grid requirgewaer
decoupling capability to compensate for a powepléwith twice the grid frequency. Bulky capaciterg used as
DC-link capacitors in conventional systems. In cast, the proposed circuit topology can use ceramapacitors
instead of electrolytic capacitors by reducing ribguired capacitance based on the active bufferegginMoreover,
this active buffer requires no additional indudb@cause it uses DCM for the power decoupling céipabin this
paper, a control method for the active buffer diroperated in DCM is introduced. An experimentatification of a
1-kW prototype shows that the proposed circuit cedithe input current ripple at twice the grid reqcy by 96.8%,
with a maximum efficiency of 95.2%. In additiongtRPareto optimization of power density and efficiers used to
clarify the maximum power density points. It is folthat the maximum power density of the proposexit is 1.6
times higher than that of a conventional boost-ygtive buffer.
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Fig. 1. DC to single-phase AC converter with pasdiuffer.
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Fig. 5. Single-phase power pulsation compensation.

WIS

4

Vbuf| Vde

Chu) Cr

vblg/ Vde
Chuf| Cf
. Mode 3
Avoid short—
connection
S,

i, J9%

Lm —
C; Lboosl

in

Mode 2

BT
Mode 4

Vbuf | Ve

il
-lghu A Cr

Boost chopper operation

Power decoupling operation

Fig. 6. Operation modes.

A
& Ts‘\r

o |
= | Average current; i it H
E | ir_aveconstant peak peak 4 :
£ y H Current zero :
= H period \ H
Q . .
= C — —— . V— e o . —p =
] H H .
£0 i AR
5 e i > < e Y
S [€ > i€ > < P > vt
S |, Model ‘Mode2 ! i Mode3 'Moded o
DC-link voltage control ' 1 Buffer capacitor voltage :
control (Charge mode)
(a) Charge mode for buffer capacitor

‘\‘ T\'H' .
.~ | Average current __A Ipeak
é i ave(constant H
@ : Mode4 Mode3
= A =\ — - — - — —_ .
20 : < >t L
8 >
12 < > > t
g Model ! Mode2
£ it

DC-link voltage control

“Buffer capacitor volta'ge
control (Discharge mode)

(b) Discharge mode for buffer capacitor

Fig. 7. Boost inductor current waveform in DCM.

WCBITDHEV 77 bIVOEIEENR iL_aveld

Fﬁ*ﬁ%%ﬂﬁﬂ?‘éﬂﬂ’:Iﬂﬂ
BEZHIET 57

| L_ave =1 L_ave_dc +1 L_ave_ buf

ZTHEEE—F

iL_ave dc&/\‘/77:\;f’/\

B
v H

EICEIE L ave uDFNE T2 D, ThHRDD,

T DT 2—T 4 & th~ta & TFT
5, ma = D IRENAHE R 28 A L2 niga, (Do hE

IEEJ Trans. @@, Vo.0@®, No.®, 000



DCM 7 77 4 7 /3y 7 7 BfA L8 —%  (FHiE—, fil)

HEANENIZE LN s, FEFa v iICBITHE
it HR P R 2 i A9 2 R B

i|_ avedc peak (d +d ):_[1 Coiza()u[ )] ---------------- (4),
ZIT, PIXERES, VinlZATIEE, ipeaclTIEHiE TR D
JEREIC BT HE) 727 PV OBRE— 27 THD, L
73 o C, HARE I RE A E S 28 L 22vigd, AJF
PIFEH IR A D 2 (5 EW R TIREN S5, € 2T, AN
FBROEEE —ELTHDIT, Ny T 77Xy XD
%E%%%Eﬁﬁ®2%ﬁﬁﬁ?%@éﬁ IR & W9

o RXE@AKXDBFNE, Ny T 7Fy X DEEL
ﬁ@?é B AEZ B THIE 5, ZOfR, ()X
iL_aveZ —TEMEICHIEITE D,

i 2“(d +d ):§7—c042 0 B ().

n

L_ave | buf

ZZTC,ipeaklI/ Ny 7 7 F v XU X OEEFEIC L EE
V77 MVOERE—Z7ETH D,

(2) [ER LI AR Il

M 82BN T, B HEEFRE DM vod 13 R B R A ME
LV LFICELSRET D, £, EREPHEELEOEE T
X=X HJEFE THD Z#EBL S ¥ 5720, §IC—EMDOEGR
LB X 0ICHIET 5, £2C, £TIE, BHMELE Vo & A
UR—HZHAER oL, BETDHIETA =4
HAENZFET D, RIC, B LICERPEEETA N
— 2 WHENERE L2fE, BERIEO PIHI#EEE L 5
m74—F7¢7~P¢50_ﬂ X0, RbEEWEED 2 f5
JEEE DA ELEE T D, ERPEICEER Lo % v v 4
WX, A N—=FDAA v F o T RS DI Z WIS 5
T, INEBEOF v U H EWAT S, ZOR, BT
EEE —EICHIETE D,

) Ry 77 Xy v X OBEFIE

Ry 77 %X RV X OB vourld, HAHE ﬁ%%%ﬁﬁ#
2 1= OISR AR D 2 5 AR TR ¢ 5, 22T, &
EAR ST v XU A BEOEWMEOLE 5 25, %L
T, ERESEIC TR EERESE wE 7 A — 7+ T —
R3T52LT, Ny 77Xy XU FOFRKEET) & HIEHT
%o ZHUC KDY, BERERITERB IS L TOR P
B CHIIT UL LWz, HEORFHEE A RIS /2 5,
FeAEENAT DM Mour 1%, FEV 727 MVERNG)A L 7
528912, B)RTEHRD, &#%EIZ, M7 OEEE— FDJE
Fh R 5720, BERLET 2—T7 4 di~th D, O Z
FVEX Y VT EHELT, F— MEE S-S 2 BT 2,

P 0$2t) o ().

o
Ibuf
buf

4. DCM 79T« Fs\y 77 REIEKHRET
4-1) RBEVT7Y FILERET 712\, KEfE

DC-link capacitor voltage control

‘fuzu‘
Tout

. di
v d; Gate
Vde V_dc iLﬁaveﬁdu ! > Z Slgnal
in Vo ~Vin 2| S-S
Buffer capacitor voltage control sH>
Vit ave I bup "L ave buf 4 g 4

” g
i —Tn__ —

Vouf ILiuveibuf
bf \/in buf _\/in

Carrier (l) /I/I—>

Fig. 8. Control block for DC link voltage and buffeoltage.

FT— DT 2—T 4 DOFN 1LY KRELRD5HE, 2o0E
Fﬁ@#¥ﬁ¢é ZZT, NIBELEBHOLEEZEEL
THAICRBNTY,

I S — @,

DEMZRTTBERD D, (NROFN 1 &Rt HGE
DCM 7 77 4 78y 7 7 BIRRIZERN T — R CEMET 2, B
RE—RTIIANBIRY ZABNRNERY, HEEKE LD
ESRIBRDN /N 72572, FHEV 77 bV EEKE IR

WZEE R E— R CEIET 2 L 9 ICfEHT 5, AT — N2
54/§75/Xﬁi @XEB)N, FEVTZ MLroE
JE & EROEE ORRN B @)L D,

Vin2 (adi - l)

2
af Pad,[1+ Ay Ay -1 ] ................... ®).
sw I l

boost

2 a4ty -

ZIZT, fwld A A v F U TR, aoa | REGE F
THNY T 7 XX N HOREEBEOFIE, ag 1IZATIE

JEICKk T 2R REEOHELTH S,

4.2) Ny I77xv/R 8% ABEETE, 13y
U7 AN CERTEEBLEE ANy 77Xy XU XDOELEE
HIET 2 728, WL O L AR/ @BH A HIR S 112, (7)=X
X0, HFMEEE NNy 77 Xy U HEEOFARUL
(C) R AN

B
Vout_ave = ma—vdc ............................................. 9)(
di
ZZT,
2
ﬁ:—%ﬁL 2”[} ;LJ—l ........................... (10),
as —1 | 4o, ay

ThHY, anlTEMAMKOAET a v/ XOAT)A =4
VARZKHTDEHREVT I P ADOAL L E—F U ADWETH
b, LTERoT, EWEIENY T 7 X ¥ U ZOEEDOH
RED, Ny T 7Ry U FORERRIT,

IEEJ Trans. @@, Vo.0@®, No.®, 000



DCM 7 77 4 7 /3y 7 7 BfA L8 —%  (FHiE—, fil)

P
ot = T e (11).

oul buf aveAV
ZIT, MNIFNY T Xy N OEBELERTH D,
5. SRR

DCM 7 277 4 7y 7 7 OFAMEERT 272012, &
BIC L DBMERGEZ T o7, R 1 ICEED /T A—F EoR
T, ZIT, ¥ UK Cou, GIZIFET I v ars oy
EHERAL, SHEAELMEBELEOSLME 2T L 5 ICEIES]
BERE L, RLIZBWT, 3SIX3ES, 6P 6155
HT 5, %72, DCM % A\ =Bk R O s 7
AW, Bt kHz HIZBWT—EL b 2 2FALT,
B A A — 7 N —F THEBREIT - 7207, ¥ 9|2 DCM
TIT A TNy TP IR HIMERE AR T, K 9 OREIE
EnsEnNEN, FEV T VRN DER, by AT
JEBEH 2kHz O 7 4 VZ Z@iaE OFHIEY 7 7 M VEN(A

TERR), N7 7 XY XU XOEILE, A N —F HIER
Th 2, X 9(a)k v, HIRE S IRENHE I 21722V 54,
7 4V Z @G DO NT)ETEIEA //\“—ﬁ Hjjj'%{m@ 2 f&JA
WHCHREI LT\ 5 2 & Rbins, % 9(b) L v, 2%

iz @A 52 & T, /\/77%?/\‘/5’0) BIENA

N—Z ) EWRO 2 (EEEBCIRET 5, 2T XD, Ny
77Xy A RNEREBERINT S Z & f, J\jjﬂimm
WRENZMEIR TE TWD Z & il Lz, 7z, #EHIE 4
HAL7ZHATH, DCU V7 EFEEZ —TEICHIETE TV AZ
LHER L=, T T 473y 77 OEEIC @%ﬁ%
AR TECWDZ MR LT,

X 10@y Ny 7 7 ¥y X Z OFEE— NEE, X 10(b)Z
BT — FREOILREFE 273, K10(b)LY, Ny 7 7%
Y RXUEDFBIZLVFIEY 77 MVERIZITAOHIRE A
ELDZENDND, 2O LD, BHEENIRENICR LT
\777%%’/\“/5'75‘3%7?&&5 1752 T T 7 MAVERD
FREDVMEIR SN CWA Z L 2R LT, &I, Bt el

Table 1. Circuit parameters of 1-kW prototype.

Rated power P 1 kW
Input voltage Vin 150V
DC-link voltage Ve 300V
Buffer capacitor Vhuf ave 600 V
voltage Av, 1700 V

DC-DC converter : 20 kHz
Inverter : 10 kHz

Chyr 54 pF (27 pF, 3S6P), Ceramic

Switching frequency fow

Capacitance

Cr 54 uF (27 pF, 2P), Ceramic
Inductance Lioost 56.5 uH, Ferrite core
Lgyia 1.6 mH (%Z=1.5%)
SiC-MOSFET
S1~Sy Rohm, SCH2080KE
Switching device (S1:3P, 53 :2P, $4: 2P)
SupNSWn IGBT

Fuji electric, FGW30N60VD

" Buffer capamtor Voltage [250V/d1v] : : :
Inverter output current [10 A/le] Sl [dms/div] c ]

Buffer capacitor voltage [250 V/dlv] : +AvL; 100 V
- Inverter output current [10 A/div] =il

[4 ms/fiiv]

(b) With power decoupling control.
Fig. 9. Experimental waveforms.
(Cutoff frequency of low pass filter : 2kHz)

!

(a) Buffer capacitor in charge mode.

. :Boost :inducté)r curr:ent [20 A/div:] .. AU AU R

Buffef capacitor Voltage [250 VZdiV] ; ; ;

(b) Buffer capacitor in discharge mode.
Fig. 10. Enlarged operation waveforms when poweodpling
control is applied.
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Fig. 13. Designing flow for active buffer circuit.
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Table 2. Selected components for 3 kW system.

Circuit | Part Marking Maximum rating
Passive c Nippon Chemi-Con 450V, 1.0 Arms
buffer de EKMZ451VSN181MP30S 180 pF
C Murata Manufacturing 400 V
W EVS2032982G306MS09 30 pF
li}(]);)gt c Murata Manufacturing 450V
active ! KC355WD72E225MHO01 1 pF
buffer g | ROHM 1200 V
Stz | SiC-MOSFET, SCH2080KE 40 A
Buck | Sy ROHM 650 V
type Stz | SiC-MOSFET, SCT2120AF 29 A
Boost | S, ROHM 650 V
chopper | S, | SiC-MOSFET, SCT2120AF 29 A
Proposed| S; CREE 1200 V
circuit | -S4 | SiC-MOSFET,C2M0025120D 60 A
99.5[ " "TTTTITITTTTTTTTTTTTTTToooooooommoooooooooe
< - Jow increases Rated power : 3 kW
z 99 _/-f: ----- B DCM active buffer
5 . (40 kHz)
QE’ 1 kHz
Rl S me——to '
= onventional boost-type Passive
=} .
% N active buffer (45 kHz) , /, (65 kHz)
S ggf---mom i LT -
§ 100 kHz , /,/ 100 kHz
Q
ol et el GUERRER
Q Conventional buck-type
A active buffer (50 kHz) 100 kHz
P S e N R

0 1 2 3 4 5 6 7 8
Power density [kW/dm?]

Fig. 15. Pareto-front of DC-DC conversion stagehvpibwer
decoupling capability.
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Fig. 16. Volume distribution at maximum power déngioint.
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Fig. 17. Loss distribution at maximum power dengitynt.
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