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Toém tat:

Céc van ban dan st dung vat liéu wide-gap nhu’ SiC va GaN, hién dang rat phd bién vdi cac thiét k&
b bién d6i hidu sudt cao. Trén thuc t&, viéc tich hgp cac van ban dan nay co thé dat dudc mirc mat
dd va hiéu suat ning lugng cao hon nhigu so vdi st dung cac van ban dan cla thé hé trudc theo
cdng nghé silicon. Bai bdo nay danh giad sa d6 VIENNA 3 MUc tan s6 cao diéu khién PWM sir dung
van ban dan SiC va GaN trong d6 MOSFET SiC sé& dudc coi la uu tién. Han nifa, két qua nghién clu
vé kha nang chiu 16i clia mach dién cling nhu giai phap dé bao vé mach dién ciing dugc dé xuét va
trinh bay. Cac tinh todn va mé phong bang phan mém PSIM x&c nhan tinh hiéu qua clia bd bién doi
cling nhu gidi phap bao vé dugc dé xuat.

T khoa:

BO bién d6i da mirc, VIENNA, hiéu chinh hé s§ cong suat, diéu ché do rong xung, kha néng chiu 16i.

Abstract:

The Wide-gap semiconductor materials, such as SiC and GaN, are now very popular with high
efficiency converter designs. In fact, the integration of these semiconductor devices can achieve a
much higher level of density and energy efficiency than using the previous generation of silicon-
based semiconductor devices. This paper evaluates the 3-Level VIENNA high frequency PWM control
using SiC and GaN semiconductor in which MOSFET SiC will be considered as the priority.
Furthermore, research results on fault tolerance of converter as well as solutions to protect circuits
are also proposed and presented. Calculations and simulations using PSIM software confirm the
effectiveness of the converter as well as the proposed protection solution.

Keywords:

Multi-level converter, VIENNA, power factor correction, pulse width modulation, fault tolerant
capability.

1. MO PAU dién 4p phia dau ra tét hon [1-2]. Xu
Cac bo AC/DC tich cyc dd tré nén ndi  hudng chung trong dién tir cong suat la
tiéng trong thap ky qua so véi cac bo  tiang tan sb chuyén mach van ban dan
chinh luu di6t va chinh luu da xung, vi c6  nham giam thiéu song hai va qua d6 giam
chat luong dong dién phia xoay chiéu va  kich thuéc bo loc. Tuy nhién, viéc ting
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tan sé chuyén mach 1am ton that chuyén
mach ting dang ké & muac cdng suat 1on.
Mot s6 phuong phap dé giam ton that
chuyén mach, dong thoi cai thién chat
lwong dién ning, di duoc dé& xuét 13 thiét
ké bo bién d6i cong husong va bo bién doi
da muc. Trong sé do, bd bién doi
VIENNA ba mac da dugc nghién cuu
trong mot sb bai bao va dugc &p dung
rong rdi trong cac nganh cong nghiép
khac nhau nhu UPS (cung cap dién lién
tuc), vién thong [1], hé thdng tuabin gid
[2] [3] va c4c hé thong hiéu chinh hé sé
cong suat [4].

Ca~ Vs

Ca VS

Vs=Vdc

Hinh 2. Bo bién déi AC/DC DOUBLE BOOST
3 murc 1 pha
Trong bai b4o nay, tac gia danh gia vé so
d6 VIENNA 3 muc (hinh 1), tinh toan ton
thit va so sanh ton that khi sir dung cac
van ban dan SiC va GaN khéc nhau va so
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sanh véi so d6 c6 tinh chat twong duong
cu thé 1a so d6 Double- Boost 3 muc
(hinh 2). T&c gia ciing da phan tich kha
nang chiu 15i cia mach, dua ra giai phap
bao vé mach va kiém chung hoat dong
cia so d6 bang phan mém mé phong
PSIM.

2. SO PO VIENNA AC/DC 3 MUPC MOT
PHA

So d6 VIENNA 3 mirc mot pha mot chiéu
cong suat nhu thé hién ¢ hinh 1. Trong d6
chi ¢c6 mot van co diéu khién duoc sir
dung chi bang mot nta s van c6 diéu
khién so véi so d6 DOUBLE- BOOST 3
muc. Gia thiét rang ché do dan lién tyc,
dién ap dau vao cua bo chinh luu Vinput
€0 trang thai dinh nghia dugc xac dinh boi
cac trang thai ON / OFF cuia van ban dan
¢6 diéu khién va phan cuc cua dong dién
xoay chiéu tai bat ky thoi diém hoat dong
nao. Vi du, néu dong dién iac (i) duong
va van ban dan c6 diéu khién Tr khoa,
dién ap gitra cuc A cua bo bién doi va
diém gitta O cua bus mot chiéu, twong
duong dién ap van la Vs. Puong di cua
dong dién trong truong hgp nay duoc
minh hoa ¢ hinh 3a. Néu dong dién iac 12
duong va van ban dan Tr la dan, thi dién
4p van bang 0 va trong truong hop do
duong di cua dong dién dugc minh hoa
trong hinh 3b. Twong tu nhu vay, néu
dong dién iac 1a am, dién &p van mang la
-Vs néu van ban dan Tr 1a khoa hoic bang
0 néu van ban dan Tr dan nhu duoc minh
hoa lan luot trong hinh 3c va d. Dé loai bo
s6ng hai tan sb thip (tin sb thip hon tan
s6 chuyén mach) trong dong dién xoay
chiéu, dién ap pha dau vao bo bién doi
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phai khong c6 séng hai tan sé thap, ngoai
trir song hai bac ba, c6 thé xuat hién trong

tin hiéu diéu ché dé tang thanh phan co
ban ma khdng bi qua diéu ché.

Hinh 3. (a) Pwong dan ciia dong dién rng véi dong xoay chiéu dau vao IAC>0 va van ban dan cé
diéu khién OFF; (b) IAC>0 va van ban dan cé diéu khién ON; (c) IAC<0 va van ban dan cé diéu
khién OFF; (d) IAC<0 va van ban dan cé diéu khién ON.

3. CHIEN LUQC PIEU CHE PO RONG
XUNG

Céac phuong phap chuyén mach cho bo
chinh lvu VIENNA dugc dé& xuit trong
[5-6]. Cac phuong phap nay dap tng yéu
cau ddi véi hoat dong binh thuong cua bo
chinh luu VIENNA: dau cua dong dién
phai cting véi dau hiéu cua dién ap [5-6].
Do do6, bo chinh luvu VIENNA c¢6 mot han
ché trong thay ddi hé sé cong suat. Trong
s6 cac phuwong phap chuyén mach nay,
cac phuong phap chuyén mach tré dugc
dé xuat dé kiém soat cac dong dién dau

vao c¢6 dugc dang song hinh sin [3-5]. Cac
tin hiéu chuyén mach duoc tao ra bang
cach so sanh dong dién tham chiéu hinh
sin va dong dién xoay chiéu do dugc. Mic
di céch tiép can nay d& thuc hién, nhung
tan s6 chuyén mach khong phai 1a hing
s6. Do d6, phuong phap nay gy khé khin
cho viéc thiét ké bo loc dau vao. Cac
phuong phap diéu ché do rong xung da
dugc dé& xuit nhu 1a giai phap cho cac
nhugc diém cua cac phuong phap chuyén
mach tré. Phuong phap nay dam bao tan
s6 chuyén mach khong doi.
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Bang 1. Biéu thtrc tinh toan cac gié tri trung binh va hiéu dung
cutia dong dién di qua cac van ban dan [7]

Van ban din  Gia trj trung binh ciia dong  Gia tri hiéu dung ciia dong
dién dién
Transistor T I 1,V 2 ?
<IM(t)>2ﬂ :7M_ MM IzMe‘ﬁ :IL 4IM VM
T 2V 4 3.z¥y
Diét 1.1, I,V 11,5 41V,
1. (t (M _"M M TP ater = — (M Iy Tm
Ds1(Ds2) HarOze =5 20 V| e =5 3V, )
Diot 1.7, 4.1,V
gy (@))2r =2 ey = — 2L M
Dal(Da2) altoam = oy SN2
bi6t Dp(Dn) I I 2
Ly@g = Py =2
Bang 2. Théng s6 co’ ban cha cac van ban dan dwoc lwa chon
Van bin din Rdson (mQ) Vd(V) Rd (mf2)
CoolMosAPT60N60BCS
(AdvancedPowerTechnologie) 1125
600V/38A @ 100°C
CoolMos IPW90R120C3 (Infineon)
260 0.375 89
900V/23A @ 100°C
Jfet SJEP120R063 (SemiSouth)
130
1200V/30A @ 125°C
2 x MOSFET CMF20120D (CREE) 65
1200V/17A @ 100°C méc song song
2 Diode GaN VSD08060 (Velox semiconductor)
) 0.6 125
600V/8A mic song song
Diode SiC IDT16560C ( Infineon)
0.825 62.5
600V/16A
Diode chinh lvu 20ETS12
1.05 7
(International rectifier) 1200V/20A
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Hinh 4. Chién lwgc diéu khién PFC VIENNA
3 mirc

Chién luoc diéu ché dugc chia thanh hai
phan, mot phan cho nira chu ki dwong,
phan con lai danh cho nira chu ki am.

Pay 1a hai song mang dugc xép chong 1én
nhau, cing pha, diéu ché PD (cung pha),
diéu khién van béan dan trén hai nira chu
ki mot cach ddi xang.
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Hinh 5. Cac dang song dong dién, dién ap
ctia mach VIENNA 3 mirc

4. TINH TOAN TON THAT CUA VIENNA
3 MUC

4.1. Tén that khi dan dong

Pé xac dinh ton that dan dién cua so dd
bo bién doi, diéu can thiét 1a xac dinh
dong dién trung binh va hiéu dung cua cac
van ban dan.

Truong hop nghién cau ap dung cho
ngudn 220 VAC va tai 800 VDC, Vs=800
V; Vm=220\2 V, In= ILN2 A; P = 7360 W

d6i véi 1L.=32A RMS / P = 3680 W dbi
voi 1L =16A RMS.

Céac van ban dan SiC va GaN ngay cang
duoc tng dung nhiéu trong dién tir cong
suit do do tac gia lya chon hai loai van
ban dan nay [8-9].

Tir bang 2, ta thdy cac van béan dan
MOSFET SiC ¢6 gia tri Rasony nhé hon
van van dan JFET SiC. Téon that khi dan
cua cac van ban dan duogc xac dinh tir cac
gia tri nay.

To6n that khi dan cua transistor [10].

Prrans = Rcls(on)'[Meff2 )
Ton that khi dan caa diot thé hién bang
biéu thuc dudi day:

- 2
Paior = Vd-(lD)Rd-IDeff 2)

Téng ton that khi dan cua b bién doi:

Peona = Z Pirans + Z Pyiot (3)

Bang 3 thong ké cé4c ton that dan cua so
dd VIENNA 3 muc véi dong di¢n 16 A
RMS.

Bang 3. Két qua tén that khi dan cha so dé
VIENNA 3 mtpc d6i v&i ILRMS=16A

10

1t et CoolMos | CoolMos | Coolbos | Cooos | | A
SIEPLORD | SIEPI20R | APTSONGOB | APTGONGOB | IPWoURI2D | Twsorize | MOSFET | MOSFET
) [ cs s a o o 5
“Tom that
trong 2 )
R B ETE 103 59 59 06 206 51 51
W)
B s s i El s ] si
20ETS12 20ETS12 20ETS12 20ETS12 20ETS12 20ETSI12 20ETS12 20ETS12
1200W20A 1200V/20A 1200V/20A 1200V20A 1200V20A 1200V/20A 1200V/20A | 1200V/20A
Thn thit 1 | |
trong
che diot
«chinh 169 169 169 169 169 169 169 169
r
DpDn
)
SiC 1o Sic To8 SiC TGN SiC TGN
IDT16860C = GVSDOSO60 IDT16860C GVSDOS060 IDT16860C GVSD0B060 | [DT16860C | GVSDOS06
600V/16A G6DOV/BA G00V/16A GO0V/BA GOOV/16A 60DVIZA 600V/16A | 0 600V/BA
Ton that
tromg
cicdibt | 58 56 54 56 ] 56 55 56
DsiD
) I { !
SiC 162 Sic 76 §icC 20N SiC TGN
IDTIGS60C | GVSDOSOSD | IDTIGS0C | GVSDOSOSD | IDTIGSE0C | GVSDOROSO | ITISSEIC | GVSDOSOS
GOOV/IGA | GOOVEA | GOOV/IGA | GOOVA | GOOV/IGA | GOOVISA | GODV/IGA | 0 GOOVAA
Ton it
trong
e diot o . - -
HF 186 176 18.6 a6 15.6 276 186 76
Datmaz
)
Tang . N
o 513 04 499 s 616 0 61 582
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Bang trén phan biét van ban dan
MOSFET SiC vé& ton that khi din, mat
khéc ta c6 thé luu ¥ vu diém vé mat ton
that caa van ban dan SiC so vdi van ban
dan GaN.

4.2. Tén that khi chuyén mach

Dé xac dinh ton that chuyén mach trong
van ban dan, datasheet cua van ban dan
cung cap cho chung ta ning luong chuyén
mach trong cac diéu kién cu thé.

Céac nang lugng nay tudn theo cac dac
tinh gan nhu tuyén tinh, phu thudc vao
nhiét do, dién tro cyc cong, dién ap
chuyén mach va dong dién.

T d6, tac gia co thé xac dinh ton that
chuyén mach theo cac diéu kién cua
nghién ctu boi cac phuong trinh dudi day
[10]:

Viax (I (4)
Pron = Vg -E-Eon-fsw
Vmax (1) (5)

Ton that téng khi chuyén mach caa bo
bién dbi:

Pswitching = Ppon* PEoff (6)
Trong do:

Vmax: dién &p chuyén mach ;

Vya: dién ap thur nghiém;

la: dong dién thir nghiém;

fow: tan s chuyén mach;

Dong dién trung binh tai.

(I = \/?i.IL ()
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Luu y rang nhiét 6 va gia trj cua dién tro
cong khong xuét hién trong cac phuong
trinh nay vi dix liéu cho ching ta gia tri toi
wu cua hai tham sé nay.

Bang 4. Cac thong sé cia COOLMOS
APT60NG0BCS 600V/38A

Digu kién thir nghigm : Nang lugng ()

vdd=400V Tj=125°C Rg=4.30Q Id=44A

Eon Cocol Mos 1100

Eoff Cool Mos 635

Theo datasheet thi nang luwong chuyén
mach caa mot van ban dan COOLMOS Si
dugc thi nghiém trong mét nhém chuyén
mach gom mot COOLMOS Si va mot
didt tich dién, nhung trong nghién ctu
cua tac gia, nhdm chuyén mach gébm maot
COOLMOS Si va mot diét nhanh khong
tich dién. Pé quy doi thi mot phép tinh
tich phan da duoc thuc hién va tac gia udc
tinh murc taing nay khoang 1/3.

Bang 5. Céc thong sé cua transistor COOLMOS
IPW90R 120C3 900V/23A

Pidu kién thir nghiém : Ning lugng (pJ)

Vdd=800V Tj=25°C Rg=2.50 Id=20A

Eon Cool Mos 900V 2100

Eoff Cool Mos 900V 1260

Bang 6. CAc théng sé cua transistor JFET SiC
SJEP120R063 1200V/30A

Bigu kién thir nghiém : Nang lugng (pJ)

Vdd=600V Tj=150°C Rg=10Q Id=24A

Eon Jfet 145

Eoff Ifet 229

Bang 7. Cac thong sé cua transistor MOSFET
SiC CMF20120D 1200V/17A

Bigu kién thir nghiém : Niang lugng (JJ)

Vvdd = 800V Tj=125°C Rg=6.8Q 1d=20A

Eon Mosfet 422

Eoff Mosfet 329

S6 30
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- e wJfet SIEP120R063 1200V/30A @
Te=125°C

240

e Cool Mos APTEONEOBCS 600V/38A @
Te=100°C

= 2 MOSFET SIC song song/
CMF20120D 1200W/17A @ Te=100"C

—C 001 M0S IPWI0R120C3 300VI23A @
Te=100"C

Tén thét [W]

\

B

|
\

—

Tén thét cla SD DOUBLE-BOOST 3M
véi CoolMos APT

40

20 40 60 80 100 120 140 160 180 200 220

Tén s6 [kHz]

Hinh 6. Tén thét tdng cua c4u tric VIENNA 3 Mirc véi didt SiC & dong dién higu dung ILeff=16A
S0 sanh véi tdn that trong cau tric DOUBLE-BOOST 3 mirc st dung diét SiC

Hinh 7. Tédng tén thét trong céu tric VIENNA 3 Mirc v&i dibt SiC tai dong dién hiéu dung ILeff = 32A

Higu suét [%]

600

400

£ —
z e / =
£
- i
c : -— =
. : — — =
" 200 / i e — — e e ST TS
-
o —omfe-mra=maEeT
-,_——-__I'E‘_--“"’._- =S T
_-——-f—’-—— -
L R e e e T T
o :
] 20 40 60 80 100 120 140 160 180 200

=== wJiol SJEP120R063 1200V/304
@Te=125'C

. Co0l Mos APTEONGOBCS
600VI28A @ Te=100°C

= 2 MOSFET SiC seng seng
CMF201200 1200174 @
Te=100°C

e Co0l Mos [PWEOR120C3
900VI23A @ Te=100"C

,,,,, ——— Tén thit SO DOUBLE-B0OST
3 mire ven Coolhlos APT

Tén sb [kHz]

220

so sanh véi tdn that trong cau tric DOUBLE-BOOST 3 mirc st dung diét SiC

99.0% —
98.5% s —
98.0% -
975% h—
97.0% -
96.5% -
96.0% o
95.5% ; ; ; ;
0 20 40 60 80 100 120 140 160 180 200 220

Tan sd [kHz]

JFET SiC+ Didt SiC+ tidu thu
cong suét cla driver

JFET SiC+ Bidt GaN +tiéu thu
cdng suét cha driver
CoolMos Si+ Didt SiC+ tiéu
thu edng suit cha driver
CoolMos Si+ Didt GaN+ tiéu
thu edng sudt cha driver
Mosfet SiC+ Didt SiC+ tiéu thu
cong suit cla driver
Mosfet SiC+ Didt GaN + tiéu
thu cdng suat cla driver
DOUBLE-BOOST 3 MUC+
COOLMOS APT+ Didt SiC+
Tiéu thy cong suat cua
driver

Hinh 8: Hiéu suét cta cau tric VIENNA 3 Mrc v&i cac van ban dan khac nhau

cho dong dién hiéu dung IL = 16A RMS

12
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Bang 8. Tén that khi chuyén mach twong (rng véi méi transistor déi véi dong hiéu dung IL=16A RSM

Tan s3 (kHz)

Transistor

89

COOLMOS APT60NGOBCS (W)

26.9 67.2

JFET SJEP120R063 (W) 39

1.7 293 39

MOSFET CMF20120D (W) 5.4

16.2 40.5 54

COOLMOS IPW90R 120C3 (W) 17.8

538 134.4 179.2

Transistor JFET SiC t6i vu hon ca vé mat
té6n hao khi chuyén mach tir tin sb 80
kHz, vi thé n6 rat phi hop cho cac ung
dung tan sé rit cao. MOSFET SiC phu
hop cho tan sé chuyén mach trung binh tir
30 dén 40 kHz. Pdi véi tan s6 mot vai
chuc kHz, COOLMOS tré nén co tinh
canh tranh so véi cac van ban dan khac.
Bay gid tac gia s& tinh toan ton that tong
thé cua bo bién ddi dé xac dinh hiéu suét
ctia cac van ban dan khéac nhau ¢ cac dong
dién va tan sb khac nhau.

Tur két qua caa hinh vé 6, tac gia suy ra tai
maot ton that nhat dinh, vi du 90 W thi
MOSFET SiC lam viéc & tan sé 160 kHz
con COOLMOS Si IPW s& lam viéc ¢ tan
s6 38 kHz, nhu vay tan sb lam viéc cua
MOSFET SiC gap bén COOLMOS Si
IPW tir 6 s& lam giam thiét ké tu cam
dau vao di 4 1an va & mot tan sb nhat dinh
(du6i 80 kHz), thi so d6 st dung
MOSFET SiC c6 ton that thip nhat nén
giam dugc kich thudc caa bo tan nhiét voi
MOSFET SiC.

O tan sb 80 kHz, ton that 140 W ddi voi
van ban dan COOLMOS IPW va chi

70 W d6i vai van ban dan SiC MOSFET,
ty I& giam mot nira ton that.

O tong ton that trong bo bién ddi 100 W,
tan s6 lam viéc nén la 40 kHz véi
COOLMOS IPW va 180 kHz ddi véi
MOSFET SiC, ty I& 1a bbn lan.

Do d6, ta can phai lya chon gitra cuon
cam va b tan nhiét.

Mat khac, tac gia ciing so sanh cAu trlc
VIENNA 3 muc voi cdu tric DOUBLE
BOOST 3 mirc vé mat ton that. Két qua
cho thiy mach VIENNA 3 muc tuy loi
thé vi c6 sb van diéu khién bang mot nira
so v&i mach DOUBLE BOOST 3 muc,
tuy nhién lai c6 s luong didt nhiéu hon,
phan chénh léch ton that 1a do ton that
trén nhitng diot mac néi tiép (Ds1, Ds2).

Céc dic diém sau day cho ta thay loi thé
cua van ban dan MOSFET SiC trén mot
dai tan rong. Tai cAc ton that nhat dinh,
dién cam dau vao duoc giam theo ty 18 5
véi MOSFET SiC. O mét tan s nhat
dinh, bo tan nhiét nhé di vai van ban dan
MOSFET SiC (theo ty Ié ton that ¢ nhiét
do cho trudc).

Cong suat tiéu thu caa driver [11]:
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Pariver=| Vgsn Q) + Wgst: Q)] fow ()
Trong do:

Vgsh: dién 4p moi mo ;

Vgsi: dién ap khoa ;

Qc: dién tich tai (Coulomb).

Hiéu suat duoc tinh theo cong thuc :

Pi - Pcond - Pswitching - Pdriver
= ; ©

Trong d6: Pin 12 cOng suat dau vao cua
mach.

Téc gia thay rang hiéu suat tét nhat duoc
tim thay trong cau tric VIENNA 3 muc
véi viéc s dung van ban dan MOSFET
SiC 1én dén tan s6 80 kHz. Pién tro caa
MOSFET SiC thap nén d6 1a van ban dan
t6t nhat trén dai tan sb rong.

Céu trdic véi JFET phi hop cho céc tan sé
hoat dong cao hon. Van ban dan silicon
van canh tranh déi vai tan sb thap.

Cac két qua cho thay hiéu suat rat tot caa
ciu tric VIENNA so vé&i céu tric
DOUBLE-BOOST ¢ dai tan s rong. Cau
tric VIENNA 3 muc duge diéu khién boi
MOSFET SiC ¢ tan s6 dudi 80 kHz
duong nhu 14 lya chon tét nhat. Cac két
qua nay tinh dén mirc tiéu thy cua driver
diéu khién caa ting van ban dan, driver
diéu khién MOSFET SiC la driver diéu
khién tiéu thu it cdng suat.

Can phai tinh d&n viéc thuc hién cac
driver diéu khién, mach diéu khién cua
MOSFET SiC la mach khd thuc hién
nhat.

O day, tac gia danh gia tong thé ton that

cia so d6 VIENNA 3 muc véi cac van
ban dan khac nhau, dong dién khac nhau
va tan sé khac nhau. Diéu nay gilp xéc
dinh viéc dua ra cac giai phap lya chon
van ban dan khac nhau theo diéu kién lam
viéc cua bo bién doi, dong dién va tan sb,
sao cho hiéu qua nhit c6 thé vé mat hiéu
SUAt.

5. NGHIEN CU’U HOAT PONG CHIU
LOI CUA SO DO VIENNA 3 MUC

5.1. Nguyén nhan hinh thanh 18i cta
van ban dan

Cac dac tinh dong cua MOSFET phu hop
v6i co ché chuyén mach cia mot nhom
chuyén mach thuc c6 thé tac dong lén
hoat dong cua van ban dan. Bé xac dinh
su anh huong dén van, ta can nghién ctu
nhitng han ché cua vat ly cia van ban dan.
Phan tich nady din dén dinh nghia cac
nguyén nhéan va cac dang hu hong cua van
ban dan cong suat.

Nhitng &p luc dit 1én van ban dan thuoc
hai dang:

» Cé&c &p luc tinh: xay ra khi dién ap dat
lén van ban dan rat 16n hoic dong dién
chay qua van rat Ion. Cac bién d6 nay
phai dugc gidi han.

» Cé&c &p luc dong: xay ra khi van ban
dan chiu dong dién va dién 4p qua do
hodc cong suat rat I6n. Diéu nay thuong
twong @ng cac ché do6 van hanh sy ¢
(ngdn mach) hodc van hanh thiéu kiém
soat (m¢ trén mot tai cam...).

Pé dam bao su van hanh tét cia van ban
dan, nhiét do trong van céng suat khdng
duoc vuot quéa nhiét d6 noi tai cua silic
((250-300°C), tuy theo mat do pha tap
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chat). Bé co duoc diéu do, bt buoc phai
gidi han ton that khi chuyén mach va khi
dan dong trong ché do6 1am viéc binh
thuong. Hon thé nita, dong nhiét ning
phai dé dang chay giira cac l6p cua van
ban dan.

Dic tinh nhiét cia moé dun cong suat phu
thugc vao téng tré nhiét caa cac 1op khac
nhau bao gém giira cac chip silic va bo
tan nhiét gan trén van ban dan. Trong qué
trinh thiét ké bo bién ddi, viéc thiét ké
mach luc phai tinh dén nhiét d6 cua van
ban din trong ché do van hanh binh
thuodng va chic chin né khéng bao gio
duoc vuot qua gia tri 150°C dé dam bao
su an toan van hanh. Ngoai viéc lua chon
van béan din, d& dam bao tiéu chuan nay,
can phai can nhic dén toéc do chuyen
mach, tin sé chuyén mach, va lya chon
phuong 4n lam mat. D6i véi van dé tan
nhiét, cong suit cho phép trong chip silic
khoang tam 60 W/cm? d6i véi tan nhiét
khong khi va tam 100 W/cm? dbi véi tan
nhiét nudc.

5.2. Dau hiéu 16i cta so dé VIENNA 3
muprc

a. Mé hinh dic tinh bgo vé va |éi trong
cac van ban dan

Piéu quan trong la phai c6 cac md hinh
thé hién dic tinh cua su ¢d trong cac van
ban dan dé co cac dic tinh dai dién cua
dong dién va dién ap sau cac hu hong céd
thé xay ra bat ky lic nao trong két ciu
(qua ap, 15i diéu khién).

Su cb cua mot diot ¢ trang thai ngan mach
duogc dac trung boi su hién dién cua mot
dién tro gié tri thap (hinh 9).

(ISSN: 1859 - 4557) I

Hinh 9. M6 hinh 16i vat ly trong mét diét
Ddi véi transistor mo hinh dién thé hién ¢
hinh 10, bd ngit mach bao vé do dién ap
Vds moi lic, né dam bao rang khi co
lénh, dién &p tai cac cyuc cua van ban dan
nhé hon 100 V, néu khong dung nhu vay,
bo ngat mach s& kich hoat tin hiéu cat
diéu khién, do d6 1am cho van ban dan bi
chan.

Mb hinh diénicha

Hinh 10. M6 hinh dién cia mét MOSFET
v&i mé hinh 16i va bé ngat mach bao vé

Hinh 11. M& hinh cau chi

S6 30
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b. Swcé trong van ban dén diét

Hinh v& duéi day cho thay phan Gng cua
cau truc khi c6 su co diot tan so6 cao Dh.

Ta quan séat thdy khi xay ra su cb diot,
nguon vao bi ngan mach, tao ra dong
ngan mach manh va lam dut transistor.

Bao vé bang thiét bi cit hoat dong ngay
khi su ¢6 nay xay ra, nhu trong cac dudng
cong & hinh V& trén, sy c6 dat van bén
dan khong xay ra, linh kién khong con
dugc diéu khién, do d6 khong con cit
nira, bd bién ddi van hanh nhu ciu trdc
chinh luu.

Sy c8 dist

0.60 Ther diém bat dau sy cd
0.40 clia diét

Vinput (Vienna 3 mire sy c8 v&i didt khang cé bio vé) Vinput [Vienna 3 mire sir 3 véi didt véi bao vé)

0 ve cis transistor . Van hanh ché 6 chinh luu

0.60K 5.1/ Tdc dong cha thigt bingdt

iL (Vienna 3 mirc sy ¢8 véi d\ét:khéng 6 bdo vé) iL (Vienna 3 mire sy c8 véi didt véi bao vé)

m‘%a f Dx‘:_ps dién R K\éryua( ngén%
I ngdn mach |
0o 200 .00 600 .00

Time {ms)

Hinh 12. Cac dwéng cong mé phéng 16i vat ly
cua diét Dh c6 va khéng c6 bao vé (tan sé
nguén fAC = 400 Hz, tan sé chuyén mach

fsw= 40 kHz va dién tr& sw c6 Rsc = 67mQ)
Su bao vé nay tranh duoc sy pha v& cua
mot van ban dan khong duoc lién két voi
151 dau tién.

Bigu khién T

[ 1 L |
| T |
| T ] |
| W [ |
| L |

Vinput (Vienna 3 mic sy 8 véi dist khang c6 bio vé) Vinput (Viennh 3 mie sy c8 véi diat véi bio vé)

\ S 6 digu khidn 1

iL {Vienna 3 mirc si c8 véi didt khang c6 bio vé)  iL (Vienna 3 mi¥c sy cd vai diét véi bio vé)
0.60K v ¥ +
040K ' ! +
020K i H :
ok —___/\A
030K T H H
040K ! 4 !
Digu khién cBu chi : H H
i
y ' ' Téc dgng cla cdu chl
9 i
38 H H '
0.0 |
00 2.00 4.00 6.00 .00
Time (ms)

Hinh 13. Cac dworng cong mo phéng 16i vat |y
chia van ban dan T1 cé va khéng cé bao vé (tan
s6 ngudn fAC = 400 Hz, tan s6 chuyén mach
fsw= 40 kHz va dién tr& sw cd Rsc = 120 mQ)

c. Swcé trong van ban dén transistor

Hinh 14 cho thdy phan {ng cua cau trdc
khi c6 15i diéu khién van ban dan.

Pic tinh trén cho thdy phan tng cia bd
bién d6i dudi sw cd diéu khién dan dén
dut transistor, day 1a diéu khong thé tranh
khoi, ciu chi bao vé co vai tro ngét
transistor khoi mach néu bi 16i, cho phép
co cau hoat dong nhu mot bo chinh luu va
dé diéu khién dong ngin mach.

d. Chién lwot bdo vé cau triac VIENNA
3 muc

Trong truong hop c6 18i diot: Mot cau chi
(hinh 11) la can thiét dé tranh sy c6 cua
van ban dan thuc hién chién lugc TAT
cua diéu khién dé ding céc chuyén mach
va dé cong tic ma.

Hinh 14. CAu trac cudi cling caa VIENNA 3 mirc

v&i cac bién phap bao vé
Trong truong hop ¢6 16i trén van ban dan
transistor: Viéc st dung aptomat la khong
can thiét vi van béan dan bi I5i do 13i bén
trong hoic do 16i diéu khién, bat ca didu
gi dan dén sy cb van ban dan, chi can cau
chi bao vé dé tranh ngan mach véi mang
ludi.

Bao vé hoan toan dwgc dam bao bing
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cach bd sung chtc ning ngit mach trén
driver diéu khién van ban dan va bing
cau chi. Ché d6 ngiat mach nhanh hon
(<10 ps) so véi cau chi (vai chuc 10 ps),
su lya hon hai thiét bi bao vé s& lam cho
mach duoc dam bao an toan.

6. KET LUAN

Nghién ctu nay nhiam dén hoat dong cua

(ISSN: 1859 - 4557)

bo bién d6i VIENNA 3 mirc str dung van
ban dan wide-gap. Céac két qua tinh toan
so sénh ton that da cho thay van ban din
MOSFET SiC c6 hiéu suit cao nhat trong
mot dai tan sé rong. Hoat dong chiu 19i
cua so dd ciing duoc dac biét nghién ciu
va tac gia da dé& xuit phuong an bao vé
mach bang cau chi tu thiét ké ciing nhu
kiém chung két qua bang mé phong PSIM.
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