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TOM TAT

Bai b4o nay trinh bay phan tich t6n hao cong suat va hi¢u suat cia bo nghich luu ba
bac (3L-NPC). Tinh toan ton hao cong suit trén cac linh kién ban dan SiC 3L-NPC sir
dung k¥ thuat diéu ché song mang (PD PWM) Céu thuc trén dugc md hinh hoa trén phan
mém md phong PLECS dé xac dinh tong ton hao va hiéu suat ctia SiC 3L-NPC. Cac két
qua md phong dugc phan tich danh gia va so sanh véi cau trac Si IGBT truyén thong.
Hon ntra, SiC MOSFET duogc str dung dé dat duoc hiéu suét ciia hé théng & tan s6 chuyén
mach cao. Két qua s€ xac minh cac tinh nang cua bd nghich luu SiC 3L-NPC, k¥ thuat
diéu ché twong tmg duoc st dung va tac dung cua ching dbi voi viée giam va cai thién
t6n hao cong suét trong bo nghich luu sir dung ban dan cong nghé SiC.

Tir khoa: Bo nghich luu diode kep ba bac (3L-NPC), K¥ thuat diéu ché song mang
(PD_PWM), ban dan cacbua silic (SiC), ban dan silic (Si).

ABSTRACT

This paper presents the power loss and performance analysis of a three-level inverter
(3L-NPC). Calculation of power loss on SiC 3L-NPC semiconductor devices using carrier
modulation (PD _PWM) technique. The above structure is modeled on PLECS simulation
software to determine the total loss and performance of the SiC 3L-NPC inverter. The
simulation results are analyzed, evaluated, and compared with the Si IGBT 3L-NPC structure
using traditional IGBT semiconductors. Furthermore, SiC MOSFETs are used to achieve
system performance at high switching frequencies. The results will verify the features of
the SiC 3L-NPC inverter, the respective modulation techniques used, and their effect on
reducing and improving the power loss in the inverter using SiC technology semiconductor:

Keyword: Three-level neutral-point clamped inverter (3L-NPC), Carrier modulation
technique (PD_PWM), Silicon Carbide (SiC), silicon (Si)
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1. GIOI THIEU

Su pho bién cuia ning luong quang dién
mit trdi (PV) da dan dén cac nghién ctru
quy mo 16n trong cac linh vuc dién nang
lugng mat troi. bé tang hi¢u suit, céc linh
kién chuyén ddi cong suat str dung chit ban
dan cacbua silic dang dong vai tro thiét yéu
trong cong nghé dién tir cong suat vi linh
kién nay co6 dac tinh vat liéu dac bi¢t khi so
sanh v6i ban dan truyén thong silicon. Bo
nghich luu PV 1a mét trong nhitng thanh
phan chinh ciia chuyén d6i quang dién mat
troi hé théng ¢ hiéu suat phu thudc vao
cau trac lién két hiéu qua va ky thuat diéu
ché duoc ap dung. T6n hao cong suat trong
hé théng chuyén doi dugc giam thiéu bang
cach Iwa chon cac thiét bi ban dan tién tién
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dién 4p cao, tan s hoat dong cao va nhiét
do cao vat liéu ban dan, chfmg han nhu ban
dan SiC dé dat duge mot higu sut cao va
cong suét cuc dai. Cac cai tién hiéu suit
dua trén vé cac dic tinh vat liéu cao cép cua
SiC nhu d6 dan nhiét, 6 rong ving cAm
rong, van tdc bdo hoa va téi han truong sy
c¢b [1], [2]. Cong nghé SiC dugc coi 1a mot
giai phap moi day hira hen dé ché tao cac
thiét bj chuyén mach ngudn. Pidu nay 1a
do kha nang ciia SiC MOSFET dé day 1én
mtc t6i da.

2. MO HINH TOAN BQ NGHICH
LUU SiC 3L-NPC

2.1. Nguyén ly diéu khién b nghich
Iuu 3 bac NPC diode kep 3 pha
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Hinh 1: So dé bé nghich luu 3 bdc NPC diode kep 3 pha.

B nghich luu 3 bac NPC diode kep 3
pha duoc két ndi véi tai. Piém N 1a diém
trung tinh cia tai, diém O 1a trung tinh
ngudn cia bd nghich luu:

Véi ciu tric nay co thé tao ra ba dién
ap dau ra V. 1a khic nhau:

- Khi khoéa Sal va Sa2 dong dién ap
dauralaE.

- Khi khoa Sa2 dong dién ap dau ra la
Ov.
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- Khi khoa Sal va Sa2 mo dién ap dau
rala —E.

Bangl: Trang thai chuyén mach trén
cac khoa

Trang thai chuyén doi

; ’ Dién 4p
Chuyén thiet bi ngd ra
mach
Sal | Sa2 |Sal’|sa2’| U,

P 1 1 0 0 E
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. | Trang thai chuyén d6i Dién 4p
Chuyén thiét bi ngd ra
mach
Sal | Sa2 [Sal’|Sa2’| U
0 0 1 0 0
N 0] 0 1 1 -E

2.2. Cac ky thuat diéu khién bd
nghich luu

a. Nguyén Iy kj thudt diéu ché dp
rong xung song mang (PWM)

K¥ thuat diéu ché do rong xung song
mang mo ta ¢ hinh 2 gdm hai séng mang
dang tam gidc so sanh véi ap diéu khién
V., dé tao cdc trang thai dong ngat cua cac
khoa S1, S2, S3, S4.

n'n'l, ) rdle
y _Vak -
Vearl s1 = -
M= o >
Vear2 ; ~ |52 T =
'§§,‘|,.,I'

Hinh 2: So dé phuong phdp séng mang.

b. Ky thudt PWM cho by nghich luu
ba pha NPC-3L.

- K¥ thuat song mang PD_PWM la k¥§
thuat s dung 2 song mang U_, U_, dugc
bd tri 1an luot cung pha, cing tan s6 nhu
hinh 3.

- Séng mang U_, s€ dugc so sanh vai
dién 4p diéu khién 1 < U, < 2 tao xung
kich cho khoa Sal, Sal’ nhu hinh 4.

- Séng mang U_, s€ dugc so sanh véi

dién ap diéu khién 0 < U, < 1 tao xung
kich cho khoa Sa2, Sa2’nhu hinh 4.
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Hinh 4: Mé phdng tao xung PWM ky thudt PD

2.3. Tinh toan ton hao cong suit cia
bo nghich luu SiC 3L-NPC

Trong phan ndy md ta mo hinh va tinh
toan trén bd nghich luu SiC 3L-NPC. Tinh
toan ton hao cong sudt quan trong nhat
trong bat ky phép tinh hiéu suit cua bod
chuyén d6i niang luong. Cac t6n hao tiéu
tan nang lugng cao trong Sic MOSFET xay
ra vi linh kién ban dan nay xu 1y cac qua
trinh déng / ngit chuyén doi ctia bo nghich
lru. Bén canh hiéu suét, diéu quan trong 1a
phai biét ton hao cong suat va nhiét lugng
tiéu hao dé thiét ké bo tan nhiét thich hop
néu can thiét.
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a) Phén tich tén hao cong sudt trén
ban din SiC

T6n hao dién ning trong cac khoa ban
dan cong suét 1a duoc chia thanh hai nhém,
cu thé 1a: Ton hao tinh va tén hao dong.
T6n hao tinh bao gém suy hao dan dién
(Nguén dién trén trang thai ton that) va
ton hao dong ngit, trong khi ton hao dong
bao gom ton hao luan chuyen va ton hao
do mat nguén DC. Nhiing ton hao co ban
nhit dugc tinh toan trong SiC MOSFET la
ton hao chuyén mach va ton hao dan. Tuy
nhién, tén hao din bi bé qua do dong ro
thiét bi SiC khong dang ké. Hinh 5 cho
thdy cac dang song chuyén mach ton hao
cong suit cua SiC - MOSFET, bao gom suy
hao dén (Pc), va tén hao chuyén mach Psw

» OoxN

Ves

OFF

Hinh 5: Tén hao chuyén mach trén SIC MOSFET

Tuy nhién, tan s6 anh hudng dén ton
hao dan, do d6 su ton hao dan c6 thé duoc
nhan voi tan so:

dt (1)

c(MosFET) f;wJ‘ rms DS(on)
Tén hao dan cua mot diode Schottky
SiC Pc (diode) cling c6 theé dugc tinh toan

dua trén dong hoc cua chung trén dién trd
(Ron (Diode) nhu sau:

C(Dmd@) f:VWJ- rms on (Dmde)dt (2)

Trong do:
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I la gia tri dong hiéu dung dan SiC
MOSFET

f 1atan s6 chuyén mach.
SW

Trong ban dan SiC MOSFET va SiC
Diode, cac tr¢ khang RDS (on) va Ron
(Diode) 12 can thiét dé tim suy hao dan.

b) Tinh todn tén hao déng ngit.

Tén hao do chuyén mach cia cac linh
kién ban din SiC thé hién sy ton hao cong
suat va dugc phan loai 1a t6n hao dong luc
hoc. Mét chuyén mach xay ra khi chuyén
mach cua linh kién ban dan SiC déng va
ngit (chuyén d6i tam thoi). Nhitng tén hao
nay phu thudc vé tin s chuyén mach, dong
dién qua khoa ban dan va dién ap dat trén
khoa [3]. Chuyén d6i giam ton hao cong
sudt trong linh kién SiC st dung k¥ thuét
chuyén mach méi duoc trinh bay trong [4].
Kich thuéc vat Iy cuia MOSFET mét vai tro
trong viéc tinh toan ton hao dong ngit. Kich
thuédc MOSFET tang 1én s€ tang dién dung
ky sinh trén ndi trd cta linh kién va diéu
nay sé gay ra sy gia tang ton hao khi chuyén
mach [5]. Nang luong chuyén d6i cho SiC
MOSFET c¢6 thé dugc tim thdy bing cach
tong hop ca dong va ngét nhu trong (3).

P

sw(MOSFET) Eon(MOSFET) +Eoﬁ(M0SFET) 3)

Trong d6 Eoff (MOSFET) va Eon
(MOSFET) dai dién cho nang luong dong
va ngat cita MOSFET SiC, tuong ing

53

Eon(MOSFET) = f.;w_[ VDS(on)[D(an)dt (4)
4
Eoﬁ"(MOSFET) = fst‘ VDS(QmID(qff)dt Q)

t5
Sau d6, thé phuong trinh (4) va (5)
vao phuong trinh (3), Phuong trinh toan
hoc dugc su dung dé danh gia SiC Téng
t6n hao chuyén mach cia MOSFET c6 thé
dugc biéu thi bang:

TAP CHi KHOA HOC | s 3css
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2 lg
PSW(MOSFET) = ‘f:vw (J- VDS(on)ID(on)dt + J' VDS(oﬂ)ID(off)dt

4

Dong dign 1 (on) va I (off) 1a dong
dién chay qua SiC MOSFET trong qua
trinh dong va ‘ngét; Vs (on) va V¢ (off)
la dién ap nguon xa SiC MOSFET dugc ap
dung trong trudng hop dong va ngit, tuong
ung trong khoang thoi gian t , t,, t. va t,

Tong ton hao cong sudt cla SIC
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(6)

Is

MOSFET Ploss (MOSFET) c¢6 thé duoc
tinh nhu sau:

Ploss(MOSFET) = Pc(MOSFET) +P sw(MOSFET) (7)

Thay phuong trinh (2) va (6) vao (7),
tong ton hao coéng sut thu duoc nhu trong
phuong trinh (8):

15} le
I)loss(MOSFET) st. rms DS(an)dt + f:ij VDS(on)ID(an)dt + j VDS(oﬁ’)ID(oﬁ") (8)
4 Is
’ ts
Thong thuong, cong sudt dong ngat _ 2
5 . . 5 A A Ploss(Diode) - f;w _[ I,,m. Ron(Diade)dt (l 0)
ctua diodes SiC str dung trong bd chuyén

dbi cong suit khong duoc xem nhu tinh
toan ton hao. Piéu nay 1a do cong suat
chuyén doi cua diode SiC rat nho so véi
cong suat chuyén mach SiC MOSFET, do
do thuong s€ bi bd qua trong mo hinh tinh
t6n hao cua linh kién cong suat SiC Diode
Schottky nhu sau:

5}

3. MO HINH HOA MO PHONG
CUA BQO NGHICH LU SiC 3L-NPC

T6n hao cong suat cia bd nghich luu
nay dugc xac dinh béng thuc trang lam viée
cua cac MOSFETs SiC trong mach nghich
lwu . Tén hao chuyén mach trung binh va
t6n hao dan duoc tinh bang sir dung thu

rp . =P _  +P 9 . . .
loss(Diode) — * e(Diode) " sw(Diode) vién PLECS cua linh ki¢n nhu hinh 6.
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Hinh 6: Mé hinh héa mé phéng bé nghich luu SiC 3L-NPC

Tén hao cong suét chuyén mach duoc
coi la mot ham cua nhi¢t do moi truong
xung quanh cta linh kién ban dan, dong
dién qua linh kién, tin hiéu diéu khién cuc
cong va dién ap trén linh kién (Vblock)

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG

dugc thé hién trong bang tra ctru 3D, nhu
trong Hinh 7. Viéc chuyén d6i ton hao cong
suat duge do & cac dién ap va dong dién
khac nhau. Hinh 8 cho thay didc tuyén ton
hao dan cuia MOSFET SiC 1,2 kV / 19 A.
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Hinh 7: Tén hao chuyén mach trén SiC MOSFET (C2M0160120D). (a) Tén hao khi khoa déng; (b) Tén hao khi
khéa ngat

Ven [V]

40 30 25 20 -5 10 5 -2biz §
A

10 15 20 25272

Hinh 8: Ddc tuyén tén hao dén cia SiC MOSFET

Hinh 9 cho thay dién va dong dién ap ha
ngd ra ctia bd nghich lwu SiC 3L NPC. Tén
hao chuyén mach gy ra boi cac khoa ban
dan trong bo nghich luu SiC 3L NPC ba pha
anh huong dén dién 4p dau ra va dong dién.

Sion ap asy NoS ra

Bono dien ba pha Nes ra

XK XK KKK

Yo X XX
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Hinh 9: Dién dp va dong dién ngé ra bé nghich luu SiC
3L NPC

3.1 Két qua ciia md hinh mé phéng
PLECS dva trén mé hinh toan ly
thuyét

Bang cach sir dung cac tham sd thu
vién nhiét tir phan mém PLECS nhu hinh
7 va hinh 8 va céc cong thirc rut ra trong
phan 2.3, tinh toan 1y thuyét két qua cua
tong hao dan va ton hao chuyén mach cua
linh kién ban dan SiC dugc st dung trong
bd nghich luu SiC 3L-NPC da duogc tinh
toan. Hon nira, tong cong suit ton hao cua
mosfet SiC(C2M0160120D) trén m6 hinh
md phong dua trén dir li¢u trén va thong
sO tir hing Wolfspeed (SiC). Thu dugc két
qua nhu Bang 3 cho thiy cac gia tri so sanh
giita cdu trac SiC 3L-NPC IGBT 3L-NPC
va dua trén dir liéu tén hao dién dua trén
thu vién PLECS phan tich ton hao cia 2 bo
nghich luu.

Bing 3: Két qua phan tich cdc gid tri ton hao.

o SiC MOSFET 3L-NPC Si IGBT 3L-NPC
?;nvzg Tonhao | Tong |Nhi¢t| Higu | Tonhao | Tong |Nhi¢t | Hi¢u
chuyén mach|ton hao| d¢ | suat |chuyén mach|ton hao| d¢ | suat
1000(V) 0.77 47.64 |21.69|99.07 11.6 51.71 | 24.82 | 99.11
800(V) 0.54 32.64 | 21.4 |99.01 8.26 38.55 | 24.81 | 98.97
118 TAP CHi KHOA HOC | r1ins oz




JOUPI’ICII o]( Science - V L U T E

Theo bang nay, cac gia tri mo phong
trén bd nghich luu Si IGBT 3L-NPC la l6n
hon cac gia tri SiC MOSFET 3L-NPC. Do
do, tong ton hao cong suit trong két qua
md phong cua Si IGBT déu cao hon SiC
MOSFET khi thay dbi chi s6 diéu ché tir
0.4 dén 0.5 & tan s6 song mang 1a 5kHz nhu
hinh 10 .

50 fc=5kHz
45 41.26

47.45

43.04

36.65
30 24.15 307

25.09
19.79

Téng tén hao (W)
&

0.4 0.5 0.6 0.7 0.8
e SiC MOSFET 19.79 25.09 30.7 36.65 43.04
e Si IGBT 24.15 29.6 35.3 41.26 47.45

Hinh 10: Bdc tuyén ddnh gid téng tén hao céng sudt

3.2 Panh gia hiéu suat by nghich hru
SiC 3L-NPC

Hiéu suit cua bd nghich luu SiC
3L-NPC dat duoc khi st dung tong cong
suét ton hao & dién ap dau vao 1000V, hiéu
suét cta bod nghich luu duogc tinh toan véi
biéu thire (11):

B
VIS Y o

Hiéu sudt bo nghich luu duoc suy ra
theo biéu thuc (11). Cac két qua mo phong
duoc thé hién trong Hinh 11 voi chi s6 diéu
ché (m) thay doi va tan s0 song mang co
dinh 1a 5kHz . Hiéu suat cao nhat thu duoc
la ¢ dién 4p 1000V.

99.2
99.1

99
98.9
98.8
98.7
98.6

98.5

98.4
m 0.4 0.5 0.6 0.7 038

e §iC MOSFET 98.77 98.89 98.96 99.02 99.05
e §i IGBT 98.68 98.84 98.95 99.03 99.08

fc=5KHz 99.05

Hiéu suat (%)

Hinh 11: Bdc tuyén ddnh gid hiéu sudt
ctia bé nghich luu
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Hi¢u suét cuc dai thu duge ddi voi chi
s0 diéu ché ¢ 0.8 14 99.05% va 99.08V va
cong suit dau ra trong khoang 5 - 12kW.
Céc tong ton hao cong suat ciia bo nghich
lwu SiC 3L-NPC thu dugc cho thiy rang hé
théng chuyén doi da dat tong ton hao cong
suat khoang 1a rat thip so v6i cong suit dau
ra cia bg nghich luu.

4. Két Luan

Bai b4o nay trinh bay phan tich ton hao
cong suit cua linh kién ban dan SiC trén bd
nghich luu 3L-NPC va hiéu sudt cua cac
khoa ban dan. Tinh toan ton hao cong sut
chinh xac va chi tiét ham toan cho céc khoa
ban dan duoc sir dung trong bd nghich luu.
Hon nira, di xdy dung mo phong tong
ton hao cong suat cta bo nghich luu SiC
3L-NPC dua trén co so 1y thuyét. Suy hao
do chuyén mach va suy giam truyén dan
ctia cac linh kién ban dan SiC duoc str dung
trong bd nghich luu. Dya trén ddc tinh cua
SiC MOSFET, so sanh gitra phan tich ly
thuyét va phan tich mo6 phong ctia bd nghich
luu SiC 3L-NPC duoc dua ra va ddi sanh
v6i bo nghich luu truyén théng Si IGBT
3L-NPC. Té6n hao cong suat SiC MOSFET
thu dugc & dién &p va dong dién khac nhau
v6i tan s6 chuyén mach cao. Theo tinh toan
hiéu suat, két qua cho thay hiéu sudt luon
& mic cao mic du trong ving chi sé diéu
ché thip tir 0.4 dén 0.6, & cong suat dau
ra cua bo nghich luu va hi¢u suét cao nhat
thu duoc khi dién ap mot chiéu ngd vao 1a
1000V. Tém lai, thu dugc rang tong ton
hao cong suit va cong suat dau ra cua bd
nghich luu NPC 3L c6 thé dugc cai thién
bang cach str dung linh kién ban dan SiC.
Do d6, bo nghich luu 3L-NPC str dung SiC
MOSFET véi tan sb chuyén mach cao st
dung phuong phap diéu ché séng mang
(DP_PWM) 1a mot giai phap hi¢u qua cho
cac tng dung vé nghich luu SiC PV.
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