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Tom tat

B bién déi DC/DC céch ly Interleaved boost Full bridge tich hop mang céng huéng LLC ( IBFB- LLC) la bo
bién dbéi dan nang lwong 1 chidu, c6 khd néng lam viéc véi nhiing (rng dung cé dai dién ap réng nhw hé
théng bién déi nang lwong mat troi. Tén that chinh ctia bd bién dbi bao gém tén that dong cét trén van va
t6n that trén bién &p xung. Bai bdo dé xuét phuong phép cai thién hiéu suét bo bién déi IBFB duwa trén ky
thuat chuyén mach mém, két hop véi viéc st dung céng nghé van ban dan SiC thay cho van Si thong
thuong. Thém vao dé, céng nghé day Litz dwoc dung dé gidm tén thét trén bién ap céch ly hoat déng & tan
sé cao. M6 hinh mé phéng va hé théng thuc nghiém céng suét dén 2,5kW cho bd bién déi duroc thuc hién
dé kiém chirng tinh kha thi va hiéu qua cta phwong phép dé xuét.

T khéa: IBFB-mang cong hwdng LLC, chuy&n mach mém, SiC Mosfet.

Abstract

Interleaved Boost Full Bridge integrated LLC resonant (IBFB- LLC) is an isolated DC/DC converter with
directional power flow, which can cope with a wide input voltage range of PV applications. The main losses
of the converter are switching losses of the power switches and transformers losses. This paper proposes a
method to improve the efficiency of the IBFB converter due to zero voltage switching technique, in
combination with employing new SiC MOSFET technology instead of the conventional Si MOSFET. In
addition, Litz wire is also adopted to reduce the losses on the high frequency isolation transformer. Both
numerical simulations and experiments with a prototype 2.5kW converter are implemented to verify the

feasibility and effectiveness of the proposed solution.

Keywords: IBFB-LLC resonant, ZVS, SiC Mosfet.

1. Giéi thi¢u

Ngay ndy, cic ngudn ning lugng tai tao nhu
nang luong mat troi, pin nhién liéu... dang duoc quan
tdm nghién ctru. Cac bd blen d6i DC/DC ket n01 voi
cac ngudn ning lwong can dam bao yéu ciu vé tinh
cach ly, kha ning lam viéc véi dai dién ap dau vao
rong, hiéu suat cao... Cau triic Dual active bridge
(DAB) cho phep cac bo DC/DC dap ng nhitng yéu
cau trén trong cac Gmg dung bién ddi nang luong mat
troi PV [1,2]. Tuy nhién, do dac thu cua ung dung la
chi dan nang lugng theo mot chiéu tir PV dén tai nén
nhém van phia thir cap bd DAB c6 thé dugc thay thé
béi cdu diode. Bén canh do, cdu trac interleaved
boost duoc st dung & bén so cip dé giam dap mach
dong dién dau vao [3,4]. Pdng thdi, mang cong
huéng LLC dugce st dung trong cac b DC/DC cach
ly boi cac wu diém nhu chuyén mach mém trén cac
van, giam nhidu dién tir va ting mat do coéng sut.
Mic du vay, b LLC truyén thong diéu ché xung theo
phuong phap PFM ton tai mot nhuoc diém la dai
khuéch dai dién ap nho [5]. DPé khic phuc van dé
trong cac ung dung PV, v6i chu triic mach luc
interleaved boost full-bridge cé tich hgp mang cong
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hudng LLC dch sir dung, bai bao lya ghon ph}rong
phap di¢u ché do rong xung PWM va ¢6 dinh tan s6
cdng hudng bang tan so dong cat cua b bién doi [6].

Nham nang cao hiéu suét bo bién dbi, cong nghé
van SiC mosfet va day quan Litz dugc sir dung trong
hé théng thyc nghiém cua bai bdo. Cong nghé¢ van
SiC ¢6 nhitng wu diém ndi bat so véi van Si thong
thudong: hoat déng & muc di€n ap cao hon voi kha
nang chiu nhiét l6n hon, dién tich mo céng nho hon
dan dén thoi gian dong mod van nho hon, dién tré van
khi dan nhé hon, tir d6 giam t6n hao do dong cit van
va c6 kha niang lam viéc ¢ tan sb cao hon [7-9]. Nhu
vay, ton that tong thé cta van SiC duoc giam dang ké
so voi van Si thuong.

Day quén Litz gan day da tré thanh mot vat liu
tiém ning trong linh vuc dién tir cong suét, cho phép
cudn cam va bién ap hoat dong ¢ dong cao véi dién
trg thap [10], ton that rdt nho roi trén cudn day co thé
dat dugc ¢ tan s6 hoat dong tir hang chuc dén hang
tram kHz [11]. Day litz cling giap giam thiéu hiéu
mg bé mat va tbi thiéu ton that gay ra boi dong dién
xody [12], giam nhiét d6 hoat dong ctia hé thdng, tir
d6 don gian hoa trong viéc thidt ké tan nhiét.



JST:

Engineering and Technology for Sustainable Development

Volume 31, Issue 2, April 2021, 007-014

+

=
N

a. Interleaved boost

Vius

+ S1 S3
- Bt
Z DIE D3
L
T A
il R S
TC s ¢ T
i
52 S4 A D2& D4
|
._

b. Full bridge-LLC

(IB) (FB-LLC)
v s1 $3
_= I
A DI A D3
_ It I, o~
L Ly L L
— Lo 1y L3 wdf ] ~
Iz « G Vou
. Il
L 1
; b2 SZ'_ S4'_ D2 % D4
v L
T J JE%

c. Interleaved boost Full Bridge-
LLC (IBFB-LLC)

Hinh 1. Cu tric mach luc bo IBFB

2. Nguyén ly hoat dong
2.1 Céu triic mach luc

Cu triic mach lyc bg bién d6i IBFB dugc bifu
dién ¢ Hinh 1, bao gém 2 phan 1a phan Interleaved
boost va phan Full Bridge- LLC. O phan Interleaved
boost, ning luong du vao qua 2 cudn cam DC 1a Ly,
va Ly, duoc coi nhu 2 ngudn dong. Cudn cam Ly, két
hop voi cap van S, S> tao thanh mach boost thi nhét,
cudn cam Lp, Kkét hop véi cdp van Ss, Sy tao thanh
mach boost thir hai, hai mach boost dugc thiét ké xen
k& nhau 1éch nhau 180 d6 va dién ap boost V. dugc
giit boi tu kep C.. Phan Full Bridge - LLC gdm
module cau mosfet phia so cip va cau diode ¢ phia
thir cap bién ap, do do nang lwong chi truyén theo 1
chiéu tir so cip sang thir cap. Mang cong huong LLC
dugc tich hop phia so cap gom 3 phan tir: dién cam ro
tong L,, tu cong huong C, va dién cam tir héa so cap
bién &p L. Ti 1¢ bién ap dwoc chon bang 1:1.

2.2 H¢ 56 khuéch dai ciia bj bién déi

Do hé sé khuéch dai ciia mach boost Gpoos v
cia mang cong huong Giic hoan toan doc lap nén
mdi quan h¢ gitra dién ap dau ra Vou va dau vao Vi,
duoc thé hién & Hinh 2. Trong do, hé s6 khuéch dai
bd boost G, =1/D vé&i D 1a hé s diéu ché cho 2

boost
van nhéanh trén S; va S;. Cac hé sb tuong ddi duge
L L
L, k="t m=-"
L L

r r r

quy udc trong bai bao: f, =

DPbi véi cac mang huong cong huéng PFM
truyén thong, hé s6 diéu ché D dugc giit ¢b dinh 6 0,5
va hé s6 khuéch dai Gzc phu thude vao hé sé f;. Tuy
nhién, nhuoc diém cua bo cong huong PFM la dai
khuéch dai dién hep, khong phu hop voi nhiing tng
dung c6 dai dién ap dau vao rong nhu pin mit troi.

Vc '/ ri
7101 Vout

GLLC

Vin Gboost

Hinh 2. Khuéch dai dién 4p bo IBFB

Dé khic phuc van d& nay, bd cong huong LLC
trong bai bao dugc lya chon theo phuong phap PWM
khi thay d6i D va ¢ dinh £, = 1 [6]. Khi do, hé 50
khuéch dai Gire ¢6 do 16n phy thude vao hé s6 diéu
ché D va hé 6 chat luong Q. Hé ) 0 cua mang cong
hudng dugc tinh theo cong thic:

1
27 f.C R

r"r” tac

0= ey
VOi Ree 18 hé s6 tai twong dwong quy ddi tir thir cép.
Khi d6 hé sb khuéch dai dién ap cua ca bo bién dbi:

G

out LLC

G= =G Gric =

boost *
V.

in

2

DPuong dic tinh mé phong G va G khi thay ddi cac
gia O va D duoc thé hién 1an Iuot trén Hinh 3 va Hinh
4, V61 Gin, Gumax 1an luot bang 0,77; 2,86 khi dién ap
vao Vi, nhan gia tri 520 V va 140 V, dién ap ra cd
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dinh & 400 V. Piéu d6 cho thiy viéc bo bién dbi c6  cam ro cang co dang sin va D = 0,5 1a diém lam viéc

thé hoat dong & ca ché do tang ap (ché d boost) va
giam ap (che do buck).
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Hinh 3. Hé s6 khuéch dai Grzctheo D va O

G-D

Q=001
Q=02
Q=03
Q=033

2#Q=0.5

Goax = 2.86

Gmin =

Hinh 4. Hé s6 khuéch dai G theo D va Q

2.3 Ludt phdt xung
Vtrl
Xung ring cira > [: 5
M —
Goc dich phoa
=180,

Hinh 5. Luat phat xung cho cac van phia so cap

Goc dich pha giita 2 nhanh van dugc chon bang
180 d6 dé dam bao cong suit truyén qua bo bién dbi
1a 16n nhét, dong thoi dam bao tinh ddi ximg khi phan
tich chuyén mach. Pac tinh hé théng duoc thé hién
trén Hinh 6 ing voi 2 truong hop D > 0,5 va D <0,5.

O thoi diém chuyén mach cua céc van, dong qua
1 trong 2 cudn cam boost s€ thay ddi ché do nap hoac
x4, tuong Ung nhan gia tri nho nhat hodc 1on nhét.
Bén canh d6, khi gia tri D cang gan 0,5, dong qua

t6i wu ctia hé thong [6].
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b)D >0.5
Hinh 6. Db thi dic tinh hé thong

Pién cam L, cong hudong voi tu C. voi tan so
cong hudng f-bang tan s6 dong cat:

1
2r\L xC,

Nhan thays iz, = i, & giai doan [z, 4], do do
khong c6 nang luong truyén tir so cip sang thir cap va
dién cam L,, khong con bi kep boi dién ap Vo Dién
cam L, tham gia vao mang cong hudng & giai doan
nay véi tin sb cong hudng f,, theo cong thirc:

fo=1= 3

Sn = “
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2.4 Dieu ki¢n chuyén mach mém

O mdi thoi diém mé van, can c6 1 dong izys d
16n x4 tu ki sinh cta van trong thoi gian deadtime lya
chon. B dap mach dong qua dién cam boost cang
16n thi cac van cang dé dat dugc ZVS. Bang 1 dua ra
diéu kién chuyén mach ZVS cho cic van ciia bd
IBFB v6i quy wdc chidu duong dong iz cing chidu
voi dong izs;.

Béng 1. Diéu kién ZVS trén cac van

3. Két qua mé phoéng
3.1 Chuyén mach mém trén cdc van

Dé kiém tra kha ning chuyén mach mém cua
cac van ciing nhu danh gi4 hiéu suit ciia hé thong, mo
phong trén phin mém Ltspice dugc tién hanh. B
bién d6i IBFB chay vong ho véi tai du ra thuan tro,
cong suat 2500 W. Pién ap dau vao thay doi trong dai
tir 140 V dén 520 V. Cac théng sb mé phong cho boi
Béang 2.

Van Didu kién Bang 2. Thong s6 mo phong bo IBFB
S; max izp; — iry > izys Thong sd Ki hiéu | Gia tri
S, iLy— Min izp; > izvs Cong suét p 2500 W
S3 max irpr + iz > izvs bién ap vao Vi 140 - 520V
S, max iz + iry < - izvs Dién ap dau ra Vour 400V
Do tinh chat dbi ximg, nén theo [6] chuyén Tu loc dau vao Gi 110 pF
mach mém de dang dat dugc trén cdc van Sy, S3 va Sy, Cudn cam boost Ly Ly, | 500 uH
Van S2 sé€ kho dat duoc ZVS’nhét. be dat duoc ZVS : - ‘ - .
cho toan b cac van phia so cap, cic phan tir thu dong bién cam ro tong L, 67.5 pH
cua bd bién doi can duoc lya chon nhu sau: Pién cam tir hoa L, 337.5 uH
Chon 0 theo G Tu cong hudng C, 150 uF
l Tén s6 dong cit fs 50kHz
Tu kep Ce 4.7 uF
Tinh C; theo Q Tai thudn tro R, 64Q
l Rising time | ¢ 100ns
Van - -
i . Falling time | # 40ns
Tinh L, theo C, SiC :
Deadtime tq 300ns

Thay dbi duty D va
tai diu ra

Chon L;, L,, sao cho
van S, dat ZVS

Hinh 7. Luu d6 tinh chon cac phﬁn tur thu dong

- Budc 1: Véi dai dién ap dau vao tir 140 V dén
520 V va dién 4p dau ra 400 V, dai khuéch dai dién
ap duoc xac dinh tir 0,77 dén 2,86. Tir d6, hé s chit
luwong O dugc lya chon theo hé sb6 khuéch dai G theo
Hinh 4

- Bu6c 2: Tu cong huong C. dugce tinh theo Q va hé
s0 tai twong duong R, tir phuong trinh (1)

- Budc 3: Dién cam ro L, dugc tinh theo C. tr phuong
trinh (3)

- Budce 4: Gia tri dién cam tir hoa bién ap L, va dién
cam boost dugce lya chon dé dam bdo c6 dong izys du
16n dé xa tu ki sinh cho van S»

- Budc 5: Thay déi dién ap du vao, duty, tai va kiém
tra lai chuyén mach mém trén van S, Néu S, khong
con dat ZVS thi quay lai budce 4.

10

Ca 4 van déu chuyén mach mém véi dién cam
boost bang 500pH (k =7) va dién cam tir hoa bing
337,5 uH (m = 5). Két qua ZVS trén cac van dugc
quan sat & truong hop Vi, = 165 V, D = 0, 4, céc
truong hop khac cho két qua hoan toan tuong tu.

Dang dong dién trén cam ro, dong trén cam
boost va dién ap mang cong hudng trén md phong
giong vai ly thuyet phén tich chuyén mach cua bd
bién doi.

3.2 So sanh van SiC va Si

Mo phong kiém chimg wu diém cta van SiC
mosfet trén phan mém Ltspice duoc tién hanh véi van
SiC C3M0065090D va van Si SPAI1IN60C3 véi
thong s6 & Bang 3. Cac thong s6 cho mach driver mo
phong 2 van dugc chon gidng nhau: tan s6 dong cat
bang 50kHz, dién ap mo van Vs on = 15 V, dién tro
driver cuc gate Ry, = 10 Q, Ry =5 Q. Pién cam ki
sinh dugc gia thiét thém vao cuc D khi md phong véi
gia tri 100nH.
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Béng 3. Thong s6 van SiC va van Si

o x SiC Si
Thong so
C3M0065090D | SPAIIN60C3
bién tich Q, | 30,4n C 45nC
Rus 65mQ 340m Q
Vdsﬁmax 900 V 650V
360V VDS1 ’ N ’
400V 1\
350V F
300V i i
250V ! ' VGS1*10
200V ! “
150V | i
100v-{ \ !
50V-{ zvs |
-E;.‘!;Mms 5.08‘811\5 5.09‘21!\5 5.09'5ms 5.10‘0ms
a) Van S,
540Vv—
480V . VDS2 N
420v-| —-
360V 1 \
300v-{ ! |
240v-] ! | VGS2*10
180V~ | T
120v— zv \ !’
] —
4.990ms 4.99‘4ms 4.99‘8ms 5.00‘2ms S.DO'Sms
b) Van S,
450V VDS3 o~
4ouv—\y—,‘— \
350V / \
300V ! \
250V i ! VGS3*10
200V I .
150v-] \ !
100V zvs\ |
50V \ /)

T T T T T T T
4.994ms 4.996ms 4.998ms 5.000ms 5.002ms 5.004ms 5.006ms 5.008ms

c) Van S;

540V
480v-] -
a20v-] VDs4 2N
360V i
300V {
240V !
180V |
120V \
60V

\
\

.
j VGS4*10
i
1

zvs\ || |
\

/

T T T T T T T
4.981ms 4.983ms 4.985ms 4.987ms 4.989ms 4.991ms 4.993ms 4.995ms

d) Van S,
Hinh 8. Cac van dat ZVS voi D =0.4

1.0KV- 18A
- . . - 15A
0.8KV Vtank ILr 1Lb1 L
0.6KV- _132
0.4KV~ L 6A
0.2KV+ - 3A
0.0KV~ - 0A
-0.2KVH - -3A
-0.4KV - -6A
- -9A
-0.6KV- L 128
-0.8KV -15A
1.0KV- I I r r . 18A
1.408ms  1.424ms  1.440ms 1.456ms 1.472ms 1.488ms  1.504ms

Hinh 9. Dang dong dién, dién ap v6i D =0,4

Theo Hinh 10, do dién tich mé cong gate O, ctia
van SiC nho hon van Si, nén védi cung dién ap md
cOng Vs on va dién trg dong/ma cuc G, thoi gian dong
va m& cuc gate van SiC nhanh hon van Si. Vi viy,
thoi gian deadtime va tén that truyén dan trong
khoang thoi gian nay s& nhé hon dbi véi van SiC.

11

V(gs_sic) V(gs_si)

16‘\"
13V

10V
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600V
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360V o }_

240V Wl

V(ds_si)

120V

0V — T T T T T T T T
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Hinh 10. Dac tinh chuyén mach van SiC va van Si

Voi gia thiét ton tai cung mot gia tri cam do ki
sinh trén cuc D khi thiét ké mach driver, két qua mo
phong cho thay gai dién ap Vi khi khoa van van Si
16n hon nhiéu so véi van SiC. Do d6 néu thiét ké
driver hop 1y cho van SiC, ¢6 thé khong can dung dén
mach snubber, trinh anh huong dén thoi gian dong
mé cua Vg, Vg cling nhu viée chuyén mach mém
ZVS trén van.

Bén canh d6, dién ap mo phong Vi khi dan cua
van Si 16n hon nhiéu so véi van SiC do dién tr¢ din
Ras ctia van Si 16n gap khoang 4 lan van SiC. Diéu
nay dan dén ton hao truyén dan 16n hon trén van Si.

Hiéu suit bo bién ddi IBFB duoc so sanh giita
khi sir dung 2 loai van véi kich ban mo phong: cb
dinh cong suat tai & 2500 W va thay doi dién ap dau
vao tir 140 V dén 520 V.

Hiéu suat mé phéng b IBFB

T~

——Sij

29

98

—o—SiC

140 170 205 300

Vin(V)

400 520

Hinh 11. So sanh hiéu suét giira van SiC va Si

Hinh 11 cho thay hiéu suit mé phong bo IBFB
khi sit dung van SiC Mosfet cao hon so v6i van Si
thong thudng. Hidu suit cao nhit véi van SiC dat xép
xi 98% khi dién 4p dau vao ¢ 200 V. Pay ciing la
diém lam viéc t6i uu cua bd bién ddi véi D =0,5.
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4. H¢ th("')ng thuc nghiém

Dé kiém tra co so 1y thuyét chuyén mach mém
cling nhu nguyén 1y hoat dong cia bo bién ddi, hé
théng thuc nghiém dugc xay dung cho bd IBFB véi
thong s thuc nghiém cho boi Bang 4. Hé thong hoat
dong vong hd véi cong sudt tai ¢d dinh ¢ 2500 W, dai
dién ap vao tir 140 V dén 520 V, dién ap daura mong
mudn 14 400 V. Nhu vdy c6 thé thiy bo bién ddi co
kha nang hoat dong & ca 2 ché do tang va giam ap.

Bang 4. Thong s6 thuc nghiém by IBFB

Phan tir Thong sb
Mosfet phia so cép C3MO0065090D, 900V, 36A,
S]— S4 Rdst: 65mQ

IDWD20G120C5, 1200 V,
20 A, Q- =106 nC

Diode phia thtr cip
D-Dy

Loi ferrite EESS, ti 1€ 1:1,
So cip:sd vong day N; = 29,
cam tr hoa L, = 337,5 pH,
cam ro bién ap Ly =10 pH.

Bién ap xung T

Cudn cam phu L Loi ferrit EC42, 24 vong,

Ly=57,5uH
Pién camro L, L.=Li+L;=67,5puH
Pién cam boost Ly 500 uH, 15 A

Tu cong huong C, 150 nF, 500VAC,tu film

Tukep C. 4,7 uF, 920VDC, tu film

Tu déu vao Cj, 220 puF, 400V

Nguon vao

Hinh 12. Hé thong thuc nghiém bo IBFB

12

Y ‘!‘psz 22‘3
kx.". s C

Driver + MOSFET c

Hinh 13. Mach luc bd IBFB

Déi v6i bo IBFB, dién cam ro téng phia so cép
L. la1 phan to trong mang cong huong LLC. Tuy
nhién, néu chon gia tri cam ro cua bién 4p bang cam
10 L, thi tdn hao trén bién ap s& rat 16n. Do d6, cam ro
bién 4p chinh L; s& duoc thiét ké nho nhat c6 thé,
phan con lai s& duoc b boi cudn cam rd phu L. Toén
hao trén cam ro phu chii yéu 1a ton hao trén day dan,
nén khong déng ké vi gid tri dién tro trén day dan rat
nho. Day Litz dung dé quén bién ap chinh va cam ro
phu nhiam néng cao hiéu sut. Do tan sé déng cit cho
bd bién d6i 1a 50kHz, duong kinh day Litz duoc lya
chon bang 0,1 mm.

Dong thoi, voi nhimng wu diém vuot troi da duoc
phan tich va so sanh, van SiC Mosfet C3M0065090D
duoc su dung cho mach luc cua bd bién doi.

Hinh 14. ZVS trén cac van khi D = 0,4
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lLb ;  (83A/div) iLbl (10A/ div) iLb 4 (10A/ div)

e N //\\ P Nt e S P D/'\W‘TW’M
5 A Ly - 1 A A
VAR AN LI;/ L ’f VAR ™\ A\ Llj‘/\\ ~ N\ /A / \ Ll‘ Al A

vl / \‘\ ‘ o \ “”,' ~\‘ “_/ \‘\ ’ﬂ.,r ~.\\ ] oy \\ // \ / - / \\ /‘_/ \ = H\\ J \ ™ ” . \ ’ . \.\ p

\J \J \J \J A ~/ / % ~ ‘W" \/ \/ J
- —
L e o= e e L I — s

a) Vin = 140V ( D = 0.3)

b) Vin = 200V ( D = 0.5)

c) Vin =520V ( D = 0.83)

Hinh 15. ZVS trén S; va dang dong iz, iz khi thay ddi dién ap vao

Tuong tu voi kich ban md phong, trong truong
hop dién ap dau vao 165 V (D =04), két qua thye
nghiém trén Hinh 14 cho thdy c4 4 van phia so cap
déu dat duge ZVS. Thém vao do, kha nang chuyén
mach mém véi van kho dat ZVS nhéat S2 va dang
dong dién qua cac cudn cdm dugc quan sat khi thay
dbi dién ap dau vao trong dai 140 V — 520 V. Tai cac
dién &p vao 140 V, 200 V, 520 V tuong tng véi D
bang 0,3, 0,5, 0,83 khi dién 4p ra ¢ dinh bang 400V,
van S2 van dat dugc ZVS thé hién trén Hinh 15.
Dong qua cam ro c¢6 dang sin khi D = 0,5 va bi méo
dang khi gia tri D léch dan so vdi 0,5, ding nhu theo
1y thuyét vé mang cong hudng ciia bo bién dbi.

Hiéu suit cua bg bién doi dat dinh xap xi 96,2%
tai diém lam viéc tdi wu cua hé théng D = 0,5, tuong
g v&i Vi, = 200 V. Ddng thoi, hiéu sudt bo bién doi
giam déan & cac dai dién ap bién.

Hiéu sudt thuc nghiém bé IBFB
0.970

0.960
0.950
0.940

Hiéu suat

0.930

0.920

140 164 214 226 252 335 405 520
Piénap vao (V)

Hinh 16. Hiéu suit thuc nghiém bo IBFB
5. Két luan

Vi myc tiéu cai thién higu sudt bo bién doi
DC/DC cach ly ing dung trong hé thong PV, bai bao
da dé xuat mot loat cac giai phap ky thut bao gom
ing dung cau trac interleaved boost full bridge ket
hop mang cong huong LLC phia so cap, ky thuat
chuyén mach mém véi cong nghé van ban dan moi

SiC mosfet va day quan'thz. Tinh dtng dan va hiéu
qua cua giai phap dé xuat dugc chung minh chat ché
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dua trén co sé phén tich 1y thuyét, mo phong va thyc
nghiém véi nguyén mau bd bién doi cong suat
2,5 kW. Keét qua thyc nghjém cho th‘ély cac van bép
dan deu co6 kha nang chuyén mach mém va hiéu suat
bd bién do6i dugc cai thién, dat tdi 96,2%.
Loi cAm on

Nhém tac gia xin duge gui 101 cdm on chan
thanh dén Dé tai cap Khoa hoc cap Nha nudc ma so
KC.05.22/16-20 da tao dicu kién cho chung t6i thyc
hién bai viét nay
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