CAC LINH KIEN BAN DAN CONG SUAT

61

Gi®i thiéu vé ban dan céng suat

Linh ki¢n ban dan dign tir cong suét chi hoat dong & hai ché do: dan (ON) va tit
(OFF). Do d6, ching con dugc goi 1a khoa ban dan (power switch).

Vi khoa ban Nd?in ly tuong: 3 ir
] O ché d6 dan: ur =0 > Ton hao trén khod ban dan pr = ur. ir =0, +
= O che d¢ tat: it = 0 = Ton hao trén khod ban dan pr=ur. ir = 0.

ur

Nhing yéu cAu ciia mot linh kién ban dan dién tir cong suét: '
Khong c6 tén hao khi din

Khong c6 t6n hao khi tit

Khong c6 t6n hao khi chuyén mach (tat = dan hodc dan > tat)

Cong suat diéu khién nho

Thoi gian chuyén mach (turn-on time, turn-off time) thap

bién &p, dong dién dinh mtrc phu hop véi tng dung

C6 thé din dong mot chidu / hai chiéu

62
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Gi®i thiéu vé ban dan cong suat

Phén loai linh kién ban dan theo kha ning diéu khién:

. Linh kién khong didu khién: qua trinh chi chuyén mach phuy thudc ngudn cung cap, vi du:
diode, diac...

. Linh kién chi kich dén dugc, khong c6 kha ning kich tét, vi du: SCR, triac.

. Linh kién c¢6 kha ning kich dan va kich tht (Self-commutated device), vi du: transistor,
GTO (Gate Turn-oft Thyristor), IGCT...

Nhiing théng sé quan trong ciia linh kién ban dan DTCS:
. Dién 4p danh thing (breakdown voltage) cao

e Dién tré din (ON resistance) thip

. Thoi gian chuyén mach thip

Tuy nhién, cac thong sO trén c6 anh huong dén nhau khi ché tao linh kién, khong thé cai tién
thong so nay ma khong gay anh huong 1én thong so khac.

63

Gi®i thiéu vé ban dan céng suat

Céc linh kién lam vi€c trén nguyén ly hat tai da s6 (majority carrier) nhu MOSFET, Schottky
diode co dién ap danh thung khong cao dé dién tr¢ dan ¢ mire chap nhan dugc, doi lai, linh kién
¢6 thoi gian chuyén mach thap.

Céc linh kién lam viéc trén nguyén 1y hat tai thiéu sb (minority carrier) nhu transistor, SCR,
GTO, v.v...co dién tro dan thip va c6 thé ché tao v6i dién ap danh thung cao. Tuy nhién, ching
cin thoi gian chuyén mach 16n hon nhiéu so v&i linh kién lam viéc theo nguyén ly hat tai da s6
noi trén, vi can thoi glan dé bom hodc rat cac hat tai thiéu s6 vao viing khong hat tai (depletion
layer) twong tmg véi viéc didu khién dan hogc tit linh kién.

64
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Diode cong suit:

e (o thé phan thanh 3 loai:

mach snubber,

dong vai tan so cao.

Diode

. La linh kién don gian nhat nhung ciing quan trong nhit ctia dién tir cong suét.

. Diode din (ON) khi duge phan cuc thuan. Sut ap (voltage drop) trén diode khi din khoang
1V. Diode sé& tit (OFF) khi bi phan cuc ngugc, trong thuc té s& co dong r6 (leakage
current) rat nhoé qua diode theo chiu ngwoc. Dién 4p nguoc vuot qua gia tri breakdown
voltage s& danh thung va pha huy diode do hi¢u ung thac (avalanche effect).

- Loai ludng cyc: bao gbm loai diode dung trong mach chinh luu tén S(A)q ludi (50/60Hz)
va loai dong cat nhanh (fast recovery diode) dung trong cac bd bién doi cong suat hodc

- Loai Schottky giiodgt: tan s6 hoat dong cao, diénrép bao hoa th'?ip 0.3V 9 O.§V), tuy
nhién chi c6 thé ché tao vai dién ap lam viéc thap, dung trong cac bd bién doi hoat

. Diode loai ludng cuc ¢ thé ché tao voi dién ap va dong lam viéc 16n: ¢6 dong dinh muc
1én téi hon 50004, dién 4p dinh murc 1én dén 10kV hodc hon nira.

65
Diode
ip ip
bién ap
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in ngwgc I
—
o K Uan |
[ " m— — up 5 up
*oup ~ Ur
a. Ky hiéu Mien
nguoc
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Diode luéng cuwc
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Diode

Metallic

Ar/.. n+ \K , A

Si0, —»
K -
n-type
p-type substrate
»
a. Cautric b. Ky hiéu
Diode Schottky
67
Diode
. 0, recovery charge — dién tich cin nap lai trén 16p tiép giap p-n cia diode dé phuc hdi

tinh chit khoa ciia diode.
. 1,: recovery time - thoi gian phuc héi tinh chét khoa cia diode. Dong qua diode trong thoi
gian nay la dong chuyén mach (hoac dong phuc hoi cta diode).

Déc tinh chuyén mach cla diode

68
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Diode
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Thyristor (SCR - Silicon Controlled Rectifier)
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Thyristor (SCR - Silicon Controlled Rectifier)
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DPac tinh ctia SCR khi tat
Lwu y: ap nguoc can duy tri trong khoang thoi gian > t, d& dam bao SCR hoi
phuc tinh chat khoa
72
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Thyristor (SCR - Silicon Controlled Rectifier)

Pac tinh:

. Thyristor s& din nhu khi dugc phan cyc thudn va ¢ xung dong dién ngén dua vao cyc G
(gate). Sau do, thyristor s& tiép tuc trang thai din ma khong can xung kich nira khi dong
qua thyristor I, > dong cai (latching current) - khong thé kich tit thyristor bing cach dua
xung dong vao cuc G.

. Thyristor dang din s& chuyén sang trang thai tt khi bj phan cuc ngugc hoic dong qua
thyristor Ix < dong gift (holding current).

. Pién 4p U,k khi SCR dén khoang 1-2 Volts, xung dong kich vao cuc G ¢& vai mA dén vai
tram mA.

. Ngoai ra, thyristor ¢6 thé ddn ma khong cin xung kich vao cuc G khi dién ap Uk co dv/dt
cao qua muc cho phép cua thyristor, hoac thyristor dugc phan cuc thuan véi dién ap 1on
hon mirc cho phép (forward breakover voltage - Vigg). Thyristor ciing ¢ thé dugc kich din
khi 16p tiép gidp (junction) dugc chiéu sing (Light SCR).

. Thyristor s& bi danh thung do hiéu tmg thac (twong tu nhu diode) néu dién 4p phan cuc
nguoc vuot qua muc cho phép (avalanche breakdown voltage - V).

73

Thyristor (SCR - Silicon Controlled Rectifier)

Dbac tinh (t-t):

. Thyristor c6 kha nang chiu dong qué tai 16n trong mot thoi gian ngin > ¢6 thé bao vé
thyristor bang cach méc ndi tiép vdi chu chi cit nhanh (fast fuse).

. Thoi gian tit (turn-off time) tir vai ps dén 200 ps.

. Puoc ché tao véi dong dinh murc tir 10A t6i S000A, va dién ap dinh mire tir 200V tdi 6kV
hoac cao hon.

Ung dung:

e Diéukhién pha (AC>DC, AC > AC)

. Nghich luu (DC > AC)

. Contact ban dan (Static switch)

74
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Thyristor (SCR - Silicon Controlled Rectifier)

Céc dang thyristor thuyc té

75

Thyristor (SCR - Silicon Controlled Rectifier)

Céc dang thyristor thuc té 76
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Triac

+l

I+Mode

+U

llI-Mode

b. Bac tuyén

7

Triac

Pac tinh:

. Triac 12 linh kién ban dén cong sudt 3 cuc, c6 cdu trac giéng nhu hai SCR méic song song
nguoc nhung dugc diéu khién béi mot cuc G (gate). Trong mode I+, cuc T duong hon T,
va GTO duoc kich bing xung dong dirong vio cuc G. Trong mode III-, cyc T; 4m hon T,
va GTO dugc kich bang xung dong dm vao cuc G.

. Kha ning chiu dv/dt kém hon thyristor & thuong cin mach dém (snubber) R-C méc giita
hai cuc T va T,, dédc biét khi dung véi tai c6 tinh cam khéang.

. Thoi gian tét (turn-off time) 16n hon SCR.

e Ché tao v6i dong dinh mirc tir 2A dén 50A va ap dinh mirc tir 200V dén 800V.

Ung dung:

. Dugc st dung nhiéu trong cac mach diéu khién dién ap xoay chiéu mot pha ¢& nhd cho
cac Gmg dung nhu diu khién do sang dén (light dimmer), didu khién cong suét cho cac
dung cu cAm tay hodc thiét bi gia dung.

78
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Transistor luéng cuc (Bipolar Junction Transistor - BJT)

. Piéu khién béng dong i vao cuc B (base).

e Thoi gian tit (tog) tir 0.5 ps dén 100ps.

BJT (Bipolar Junction Transistor)

. Dé tang hé sb khuéch dai dong (2 giam dong kich ig) c6 thé dung transistor ghép kiéu
Darlington. Tuy nhién, transistor Darlington ¢6 Ucg,sa 16n hon transistor don c6 cung cong
suat = ton hao nhiéu hon va tan so0 dong ngat thap.

. BJT dan (nghia la ¢ trang thai dén bio hoa - saturation) khi duoc phan cuc thuan va cung
cap du dong vao cuc B (Base) sao cho: Bl > Ic. Luu y 1a B < 10 v6i BJT cong suat 16n >
can cong suat diéu khién 16n. Pién ap bdo hoad (Ucg s ) cd 0.5-2.5 Volts.

. BIT tit khi iz = 0 (ugg = 0V). Tuy nhién, dé tit nhanh BJT, thudng cung cip mot dién ap
am nho (khoang -5V) gilra hai cuc B-E.
e Dugc ché tao véi dong dinh mirc tir 0.5A dén S00A (hodic cao hon) va dién ap tir 30 dén
1200V. Luu y: transistor thuong khong thé chiu dung dién ap ngugc 1on hon khoang vai
chuc Volts, nén khong dugc phan cuc ngugc transistor.

. Ung dung trong céc bo bién dbi dc-de hodc de-ac. Tuy nhién, BJT hién duoc thay thé boi
MOSFET (trong tng dung cong suat thap) va IGBT (trong trng dung cdng suat cao).

80
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BJT (Bipolar Junction Transistor)
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MOSFET

e Dicukhién bang dién ap Ugs: dong vao rat bé > Cong suét diéu khién thap. Thong
thu{mg, dién ap dic€u khién can thié} dé MOSFET dan bao hoa: Ugs ¢& 52>20V. MOSFET
s€ tat khi Ugs < Ugs threshold (€O 4 dén 5V).

. Khi MOSFET dan bﬁo hoa, gitra 2 cuc D va S tuwong duong véi mét dién tré Rpgon), va
déy cung 14 thong so quan trong cua MOSFET. Luu y 1a Rps(ox) tang nhanh theo dién ép
Ups dinh murc (rating) cia MOSFET va c6 h¢ so nhiét duong, nghia la Rpg(on) tdng theo
nhiét 46 cia MOSFET.

. C6 thé dong ct rat nhanh do thoi gian chuyén mach thap: tos ~50ns — 200ns. Do do,
MOSFET dugc st dung trong nhirng (ng dung hoat dong v6i dién ap thap (vai chuc > vai
tram Volts), tan so cao (dén 100kHz hodc cao hon).

. Thuong duge ché tao véi diode ngugc tich hop san trong MOSFET. Tuy nhién, diode nay

c6 thoi gian phuc hdi £, cao, nén can sir dung thém diode dong cit nhanh véi cac tng dung
¢ tAn s6 1am viéc cao.

. Ché tao v&i dong dinh mirc trong khoang 0.5 dén 200A va dién 4p tir 20V dén 1000V.
. C6 thé ndi song song cac MOSFET d& dang dé tang cong suit ciia mach.

. Thuong str dung trong céc bo bién d6i dc-dc hodc dc-ac dong ngét véi 'tz‘"m sc”'g cao: nhu cac
bd nguon kiéu dong ngat (switching power supply), nguon cho céc thiet bi cam tay, hodc
cac tng dung trén xe may hoac xe hoi.
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IGBT (Insulated Gate Bipolar Transistor)
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IGBT (Insulated Gate Bipolar Transsitor)
85

IGBT (Insulated Gate Bipolar Transistor)

C6 thé xem 1a sy két hop gitra MOSFET va BIT, didu khién ON/OFF bang cach dt dién ap
gitra 2 cuc G va E (Ugg).

IGBT 1a linh kién khong c6 kha nang chiu dién ap ngugc (asymmetric voltage blocking).
Tuy nhién, gn diy da xuét hién loai IGBT c6 kha ning chiu ap (symmetric voltage
blocking), c6 thé dung trong cac img dung voi bo bién dbi kiéu ngudn dong.

bién ép gitra C-E khi IGBT din bio hoa: UcE, sat ®#2-3V

Thoi gian tit: tor ¢ vai trim ns > 1ps

Hién dwoc ché tao véi cong suit 1én dén 4.5kV/1000A hodc 6.5kV/700A. IGBT véi dién ap
1én dén 10kV c6 thé ra mét trong tuong lai gan (dang thir nghiém).

La loai linh ki¢n dién tir cong sut duoc dung rong rai nhét hién nay vdi cac ng dung tir vai
tram Watt dén vai MW.

86
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IGBT (Insulated Gate Bipolar Transistor)

Céc dang IGBT cong suat

87

IGBT (Insulated Gate Bipolar Transistor)

Céc dang IGBT cong suét

88
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IGBT (Insulated Gate Bipolar Transistor)
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GTO (Gate-Turn Off Thyristor)
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GTO (Gate Turn-Off Thyristor)
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GTO (Gate Turn-Off Thyristor)

Diéu khién ON hozc OFF bing cach dua xung dong vao cuc G,

Gibng nhu thyristor, GTO dugc kich d?m béng c4ch dwa mot xung dong duong vao cuc G,
va sau khi ¢ trang thai dan, GTO c6 thé duy tri trang thai nay ma khong can dong kich vao
cuc G nira.

Khac véi thyristor, GTO c¢6 thé kich tit bing cach dua xung dong am du l6n vao cuc G
(bang cach dat Ugk < 0). Xung dong ndy chi can duy tri trong khoang thoi gian can thiét dé
tét GTO (tg), tuy nhién, dong nay can c6 gia tri c& 1/4 dén 1/5 14n dong I qua GTO trude
khi tit.

Kha ning chiu dv/dt thip - thudng cin mach snubber > t6n hao trén dién tré cia mach
snubber.

Puoc ché tao v&i hai loai: asymmetric voltage blocking (kha nang chiu dién ap nguoc thép)
dung cho cau hinh b6 bién d6i kiéu ngudn ap (voltage source converter), va symmetric
voltage blocking (kha néng chiu dién ap ngugc cao) dung cho cau hinh bo bién dbi kiéu
ngudn dong (current source converter).

C6 thé ché tao vai cong sudt 1on nhét khoang 6kV, 6kA, tin s6 dong cét trong cac (mg dung
thuong trong khoang vai tram Hz dén 1kHz.

C6 thé duoc thay thé béi cac linh kién khac nhu IGCT trong tuong lai.
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GTO (Gate Turn-Off Thyristor)
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GTO (Gate Turn-Off Thyristor)
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ICGT/GCT

s =Y
I,

Mach twong dwong cta IGCT / GCT

e Su cai tién cong nghé GTO dua dén phat minh céc linh kién mdi trong do tich hop mach
kich (driver) v6i linh kién nham lam tang toc d¢ dong cat va giam cong suat di€u khién. Do
do, cac linh ki¢n nay chuyén mach nhanh hon va dé st dung hon GTO truyén thong.

e Tén goi: GCT (Gate Controlled Thyristor — phat trién bai Mitsusbishi) va IGCT (Integrated
Gate Controlled Thyristor - phat trién boi ABB).
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ICGT/GCT

GCT LG<3 Driver

Mitsubishi 4kA / 4.5 kV GCT

ABB 4 kA/45kVIGCT
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ICGT/GCT

Dé tit IGCT, cé‘lq dwa vao cyc G cua linh kién mot xung dong 4m gan bang v6i dong qua
GTO trude khi tat. Xung dong nay (c6 di/dt 1én t6i khoang 4kA/ps) dugce tao ra trong mach
kich bao gom nhiéu MOSFET mac song song va c6 dién cam rat thap.

C6 dién ap khi dan (conduction drop voltage) thip hon IGBT cling cong suét.

Khéng cin str dung mach snubber do c6 thoi gian tit nhanh. Tan s dong cit thuong sir
dung: khoang 1kHz

Co thé ché tao theo hai kidu: asymmetric voltage blocking (kha nang chiu dién ap nguoc
thap) va symmetric voltage blocking (kha nang chiu dién dp ngugc cao). Loai asymmetric
voltage hién che tao lén dén 6.5kV/3kA hodc 4.5kV/4kA. Loai symmetric voltage ché tao
véi dinh mite thap hon, khoang 6kV/800A.

Ung dung trong cdc bd bién ddi da bac (multilevel converter) ding trong truyén tai dién véi
cong suat Ién dén nhicu MVA.
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MCT (MOS-Controlled Thyristor)

'A/T ;j
G o— g N-MCT
I\lp MCT o .\1

K K

Kich dafm MCT kénh p: dua xung am vao cuc G-A
Kich dan MCT kénh n: dua xung duong vao cuc G-K

Kich téflt MCT kénh p: dua xung duong vao cuc G-A
Kich tat MCT kénh n: dua xung a4m vao cuc G-K

97
MCT (MOS-Controlled Thyristor)
J B
G o—i
'\lP.MCT G jN‘MCT
K K
a. Ky hiéu
"‘ Dén "
Dan
\ Tét \ Tét
[ = Uak Uak
b. Déac tuyén c. Dac tuyén ly tudng
98

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

19


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

MCT (MOS-Controlled Thyristor)

So véi GTO, MCT déng ngit don gian hon va véi cong suat thip hon, ngoai ra téc do dong
cét ctia MCT nhanh hon so véi GTO (thoi gian to, va togr chi ¢d vai ps)

MCT c6 dién &p Uakcon) nhd hon dién ap Ucg s cua IGBT.

Hién c6 thé ché tao v&i dién ap ©0 1500V, dong dién tir 50A dén vai traim A. Trong twong lai
gén, linh kién v6i dién ap 1én dén 3000V dang dugc ché tao. Tuy nhién, MCT kho c6 thé che
tao dei dong 16n nhu GTO vi do cau tric kha phuc tap, nén khong thé ché tao véi tiet dién
ban dan 16n nhu GTO.
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Intelligent Power Module (IPM)

La sy tich hop cac mach cong suat (power), didu khién (control) va bao vé (protection) trong
cung mot module, gitip viée thiét ké va ché tao d& dang hon, ddng thoi giam duoc kich thude
mach, gia thinh va nhidu dién tir (EMI — Electro-magnetic interference) ciing nhu ting d¢ tin
cay cua mach.

C6 nhiéu tmg dung trong cac b bién ddi DC-DC hoic didu khién dong co cac loai (step
motor, dong co cam Ung 1 pha va 3 pha, v.v...)
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MOTOR

Intelligent Power Module (IPM)
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Powerex L-series IPM Grid for Six-Pack

Type Voltage(V) Current(A)
PM50CLA060 600 50
PM50CLBO060 600 50
PM75CLA060 600 75
PM75CLB060 600 75
PM100CLA060 600 100
PM100CLBOG0 600 100
PM150CLA060 600 150
PM150CLB060 600 150
PM200CLA0E0 600 200
PM300CLA0E0 600 300
PM25CLA120 1200 25
PM25CLB120 1200 25
PM50CLA120 1200 50
PM50CLB120 1200 50
PM75CLA120 1200 75
PM75CLB120 1200 75
PM100CLA120 1200 100
PM150CLB120 1200 150
PM300CLA120 1200 300
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IPM véi 6 IGBT va driver cho tng dung didu khién dong co' 3 pha (Powerex: www.pwrx.com)

integration

Power
modules,

discretes or

embedded ?

IPM @

Small device, small power.

All-in-one: IGBT, diodes, drivers
and control.

Power IC

Embedded Package
small device.

Small heat dissipation
Semiconductor embedded in
PCB.

Discrete packaging

Small device, medium power.

All in one: MOSFET, IGBT, or co-pack

IGBT and diode.

*

4

6-in-1 power module

Mtrc d6 tich hop (integration) ciia DTCS theo coéng suat trng dung

Large device, medium power.

Six IGBTs and diodes.

IGBT driver is external.

2-in-1 & 1-in-1

Medium power.

power modules

2 or 1IGBT packaged

together with the diode.

Trend in EV/HEV

<

Single power
module

Large device, large power.
One IGBT and diode.
Several chips to handle the
current.

IGBT driver is external.

C6ng suét va tn sb hoat dong ciia cac linh kién dién tl cong suét

Inverter
Watt to kW range od 10s kW range 100s kW range gy MW range power
sances 2 dustty € sion
yome “’“‘M gystem® \\“ 25 ransPe’
consu™™ and M?
Source: “Status of the Power Electronics Industry 2018”, YOLE Développment
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Cong suét va tan s6 lam viéc ctia cac mach rng dung BTCS

EV/HEV Home

V &
& @ appliances
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() o
g R,
e Power
2 supplies for AC adapters
o ser\uyr
o ’
°§° // i ~ Switching
f’; 10t / / " power supplies
£ J 3 Fd L Class D Audio
% v IGBT/IPM
__ Audic &
o MOSFET - equipment
L S
104 104

Operating frequency (Hz)

Source: “Status of the Power Electronics Industry 2018”, YOLE Développment
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Sw phat trién cua cac chat ban dan méi

Hién nay, Silicon 1a chat ban dan chu yéu dé ché tao linh kién dién tir cong suét. Tuy nhién,
cac loai chat ban dan mdi nhu SiC hodc kim cuong (tong hop dudi dang mang mong) dang
dugc nghién ctru ing dung.

Linh kién v&i ban dan Silicon c¢6 thé chiu nhiét t&i da 1én t6i 175°C (nhiét d6 mdi ndi ban
dan — Jjunction temperature) trong khi v6i SiC va kim cuong, nhiét d¢ nay lan luot 1a 350°C
va 600°C. Diéu nay gitip 1am giam dang ké kich thudc linh kién va yéu cau tan nhiét.

Hién nay, mét s6 linh kién st dung ban din SiC di (hodc s&) c6 mit trén thi trudng:
Schottky diode: 300-700V, 2-10A

Hybrid JFET (1.5kV, 12A)

BIT (1-10kV)

GTO (8-40kV)

MOSFET (0.2 - 6kV)

nbh -
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