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CHUONG II. CAC LINH KIEN BAN DAN CO BAN

1. TONG QUAN
- Céc linh kién ban dan cong suét trong linh vire dién tir cong sudt c6 hai chtrc ning co ban: dong va ngit
dong dién di qua n6. Trang thai linh kién dan dién (déng) 1a trang thai linh kién c6 tac dung nhu mot dién tré
rat nho (gan bang khong). Trang thai linh kién khong dan dién (ngit) 1a trang thai linh kién c6 tac dung trong
mach nhu mét dién trd 16n vo cung.
- Linh kién ban dan hoat dong véi hai ché do 1am viéc dong va ngz"lt dong dién dugc xem la ly tudng néu
& trang thai din dién nd co do sut ap bang khong va & trang thai khong dan dién (ngit), dong dién qua né
bang khong.
1. Phan loai linh kién ban dan:
a. Linh kién ban dan diéu khién dugc: Cac linh kién ban dan co6 thé chuyén ddi trang thai lam viéc cua
minh tir trang thai khong dan dién (ngét) sang trang thai din dién (déng) va nguoc lai thong qua tac dung
kich thich cua tin hiéu 1én céng diéu khién cua linh kién, goi linh kién co tinh diéu khién. Tin hiéu diéu khién
c6 thé ton tai dudi dang dong dién hay dién ap. Vi du BJIT, MOSFET, IGBT, GTO, IGCT,MCT, MT SCR,
TRIAC.
- Linh kién ban dan diéu khién hoan toan — linh kién déng ngit cudng birc (forced commutated device):
1a linh kién c6 thé diéu khién déng ngét hoan toan bang tin hiéu diéu khién, vi du BJT, MOSFET, IGBT,
GTO, IGCT, MCT,MT.
- Linh kién ban din diéu khién dong: : 13 linh kién chi c6 thé didu khién dong bang tin hiéu diéu khién ma
khong diéu khién ngit duoc: SCR, TRIAC
b. Linh kién ban dan khong diéu khién dugc: 1 nhing linh kién khong co cong diéu khién va qua trinh
chuyén trang thai 1am viéc cua linh kién xay ra dudi tic dung ctia ngudn cong suit. Vi du: diode, diac.

Chiéu dong dién Khong diéu khién Diéu khién déng Diéu khién déng ngat
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Hinh 2.1 Céc linh kién ban din cong suit co ban

- Diode: Dong dinh muc ciia diode tir 1A dén 5000A. Pién ap dinh muc tir 10V dén 10kV. Thoi gian
dong ngit tir 20 ns cho dén 100 ms. Diode dugc tmg dung trong bd chinh luu va cac mach bién d6i DC-DC:
Zener, optoelectronic and Schottky diodes, and diacs

- BJT (Bipolar Junction Transistor): din dong Collector khi trén cuc Base c6 dong dién diéu khién du
dé BJT din. Dong dinh mirc cia BJT tir 0.5A dén 500 A; Pién ap tir 30V dén 1200V. Thoi gian dong ngit
ctia BJT 0.5ms dén 100 ms. BJT duoc ung dung trong mach cac bd bién d6i DC-DC; két hop voi diode st

[Type text] Page 25



SR R 1B BL0N(EN [CHUONG II - CAC LINH KIEN BAN DAN CO BAN|

dung trong cac b bién tan. Tuy nhién trong cac bd cong sudt 16n thi ngudi ta thay thé BJT bang MOSFET va
IGBT.

- MOSFET (Metal Oxide Field Effect Transistor): din dong Drain khi ¢ dién ap vira du trén cyc diéu
khién Gate. MOSFET duoc méc song song voi diode trong ciu tric ciia nd. Dong dién dinh murc tir 1dén
100A, dién ap dinh muc tir 30 dén 1000V. Thoi gian dong ngét rat nho tir 50 dén 200ns. MOSFET tng dung
cho bo bién d6i DC-DC, va trong cac b bién tan.

- IGBT (Insulated Gate Bipolar Transistor): ddy la dang dic biét két hop gitra BJT va MOSFET. La
linh kién rat dé sir dung, thoi gian dong ngit nho hon thoi gian dong ngit ciia BIT. Dong dinh mirc tir 10 dén
600 A, dién ap dinh muc tir 600 dén 1700V. IGBT tng dung nhiéu trong cic bd bién tan tirl dén100kW va
duoc tmg dung rong rai trong dién tr cong sudt.

- SCR (Silicon Controlled Rectifier): Thyristor ciing gidng nhu diode khi c6 xung trén cuc Gate. SCR
chi ngat khi dong qua né bang 0. Dong dinh mirc thay d6i tir 10 dén 5000A. Pién ap dinh muc thay doi tir
200V dén 6 kV. Thoi gian dong ngat tir 1 dén 200ms. SCR duoc (mg dung rong rii trong b chinh luu diéu
khién va 1a linh kién thudc ho thyristor dugc tmg dung rong rii nhét.

- GTO (Gate Turn-Off Thyristor) thuoc ho Thyristor va c6 kha ning diéu khién ngat bang xung am trén
cong Gate. GTO c6 thé thay thé BJT khi can ung dung trong cac bd cong suit 16n, can dong va dién ap 16n.
Dong va dién 4p dinh mirc gan twong tu nhu SCR va nd duoc tmg dung trong cic bd bién tan 16n hon
100kW.

- TRIAC (Triode for Alternating Current) La linh lién c6 cau trac cdu tao boi hai SCR mic dbi song.
Dong dién dinh muc tir 2 dén 50A, dién ap dinh muc tir 200 dén 800V. TRIAC duoc st dung trong diéu
chinh 4nh sang, nhiing thiét bi dién cam tay...
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| Power Semiconductors |

I
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Hinh 2.2 Céc linh kién ban dan cong suit trong cong nghiép

Page 27



SR R 1B BL0N(EN [CHUONG II - CAC LINH KIEN BAN DAN CO BAN|

6500 V/600 A {5000 V/1500 A

{Eupec)

VIVl ]
12000 +——— === ————— ———
SCR
104 4
7500 + IGBT (market)
20U ey ey
5300 IGCT (market)
3300 1
2500 + 3300 V/1200 A
Module {Eupec)
1700 2500 V/1800 A
Press-Pack (Fuji)
1700 V/2400 A

10} e e -
/AN

(SanRex)

200

10% +

Module (Eupec)

1000 V00 A\,

Power MOSFET

\

200 V/500 A

\/ (Semikron)

\

\

.

\

60 V/1000 A s

(Semikron) |
L !

(Mitsubishi)

7500 V/1650 A

(Eupec)

GT

6500 V72650 A
{ABB)

5500 V72300 A
(ABB)

O 6000 V/6000 A GTO
{Mitsubishi)

6000 V/6000 A IGCT
{Mitsubishi IGCT
announced)

4800 V/5000 A
(Westcode)

4500 V/4000 A
{Mitsubishi)

200 500 10?

2400 4000 6000 104 1[A]

Hinh 2.3 Pién ap va dong dién dinh muc cta cac linh kién ban dan cong suat
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Béng 2.1 Thong s k§ thuat co ban ctia linh kién ban dan cong suét

1.2 Ratings of Power Semiconductor Devices

Upper On-State
Voltage/Current Frequency Switching Resistance
Devices Rating (Hz) Time (ps) Q)
Power General 4000 V/4500 A 1k 50-100 032m
diodes purpose 6000 V/3500 A 1k 50-100 0.6 m
600 V/9570 A 1k 50-100 01m
2800 V/1700 A 20k 5-10 04m
High speed 4500 V/1950 A 20k 5-10 12m
6000 V/1100 A 20k 5-10 1.96 m
600 V/17 A 30k 0.2 0.14
Schottky 150 V/80 A 30k 0.2 8.63 m
Bipolar Single 400 V/250 A 25k 9 4m
tors transistors 400V/40 A 30k 6 31m
630 V/IS0A 35k 2 15m
Darlington 1200 V/400 A 20k 30 10m
MOSFETs Single 800V/TS A 100k 16 1
COOLMOS Single 800V/18 A 125k 2 12m
600 V/40 A 125k 1 012m
1000 V/6.1 A 125k 15 20
IGBTs Single 2500 V/2400 A 100k 5-10 , 23m
1200 V/52 A 100k 5-10 0.13
1200 V25 A 100k 5-10 0.14
1200 V/80 A 100k 5-10 44m
1800 V/2200 A 100 k 5-10 1.76 m
SITs 1200 V/300 A 100 k 0.5 12
ors Phase Line- 6500 V/4200 A 60 100-400 0.58 m
1- control commutated 2800 V/1500 A 60 100400 0.72m
lled  thyristors low speed 5000 V/4600 A 60 100400 0.48 m
215) 5000 V/3600 A 60 100400 0.50 m
5000 V/5000 A 60 100-400 0.45m
Forced- Reverse 2800 V/1850 A 20k 20-100 0.87m
turned-off blocking high 1800V/2100 A 20k 20-100 0.78 m
thyristors speed 4500 V/3000 A 20k 20-100 0.5m
6000 V/2300 A 20k 20-100 0.52m
4500 V/3700 A 20k 20-100 0.53m
Bidirectional 4200 V/1920 A 20k 20-100 0.77m
RCT 2500 V/1000 A 20k 20-100 21m
GATT 1200 V/400 A 20k 10-50 22m
Light triggered 6000 V/1500 A 400 200400 0.53m
Self-turned- GTO 4500 V/4000 A 10k 50-110 1.07 m
off thyristors ~ HD-GTO 4500 V/3000 A 10k 50-110 1.07m
Pulse GTO 5000 V/4600 A 10k 50-110 0.48 m
SITH 4000 V/2200 A 20k 5-10 5.6m
MTO 4500 V/500 A 5k 80-110 102 m
ETO 4500 V/4000 A 5k 80-110 0.5m
IGCT 4500 V/3000 A 5k 80-110 0.8 m
TRIACs Bidirectional 1200 V/300 A 400 200-400 3.6m
MCTs Single 4500 V/250 A S5k 50-110 10.4 m
1400 V/65 A 5k 50-110 28m
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Bang 2.2 Ky hiéu va dic tinh cua linh kién ban dan trong cong nghiép
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TABLE 1.3 Characteristics and Symbols of Some Power Devices
Devices Symbols Characteristics
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2. LOP TIEP XUC CONG NGHE P-N.

- Bing céac bién phap cong nghe Epitaxi (Plana khuéch tan) nguoi ta tao ra dugc vung chuyén tiép tinh
dan dién tir loai p sang loai n goi la t1ep xuc p-n. Pay la dang t1ep xuc phi tuyen c6 tinh dan dién khong dbi
xtmg theo hai chiéu dién ap dit vao. Chat ban dan c6 kha ning dan dién chu yéu bang dién tir goi 1a chat ban
dan tap chit loai n. Chat ban din c6 kha nang din dién chu yéu bang 16 hong goi la chat ban dan tap chét loai
p

- Binh thuong khi chua c6 tic dong bén ngoai trong ving tiép xuc mot phan dién tir tir loai n s& dich
chuyén sang loai p va ngugc lai mot phan phan tir 16 hong tir loai p s& dich chuyén sang loai n. Pién tir va
phan tir mang dién 15 hong bu 14n nhau va tao ra ving mang dién thip — qua trinh nay duoc goi 1a qua trinh to
hop lai va ton tai cho dén khi dién tir tir vang n bi ddy boi i-6n 4m ving p va phan tr mang dién 16 hong
vung p bi ddy boi i-6n duong ving n.
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Hmh 2.4 Lép pn
- Cac i-6n duong vung n va cac i-6n am vung p tao 1én dién truong cuc by hudng tir ving n sang p. Dién
thé c6 gia tri cuc dai tai trung tdm cua vung tiép xuc. Giira hai ving tao ra hiéu dién thé dién thé nay phu
thudc vao chat lidu ban dan: dbi voi German 1a 0.3V ddi véi Silicon 14 0.7V.
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3. DIODE CONG SUAT

1. Céu tao va nguyén Iy hoat dong.

- . Diode la linh kién ban dan (mg dung trong dién tir cong suat (DTCS) c6 cdu tao don gian nhat, bao gdbm
2 dién cyc Anode (A) va K (Cathode) va c¢6 chlra mét 16p t1ep xtc p-n. Diode- 1 linh kién ban dan khong
diéu khién. Khi dién thé cuc Anode 16n hon so vai dién thé cuc Cathode, 16p tiép xtc phan cuc thuin va
dong dién thuén Ir chay theo chiéu nhu hinh v&, ltc nay dién ap trén linh kién s€ c6 gia tri rat nho (<1V), ddi
v6i linh kién 1y tudng gia tri nay bang 0. Nguoc lai, khi dién thé cuc Anode nhé hon so véi dién thé cuc
Cathode, diode phan cuc nguoc linh kién khong dan, dong dién nguoc chay qua diode dugc goi la dong ro,
dbi véi linh kién 1y twong gi tri nay bang 0

Anode Cathode
& —>—— p | n —*
1

Hinh 2.6 Ky hi¢u diode

- Khi dién cyc duong cta ngudn dién duoc gin vio cuc Anode va cuc dm- cyc Cathode ta co tiép xuc
phan cyc thuan. Dién tr tir cyc am vao vung n, vung tiép xtic, mot phan két hop v6i phan tir mang dién 15
héng phan con lai qua ving p téi cuc dwong ciia ngudn dién: Diode dan.
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Hinh 2.7 Cu triic diode
- Khi dién cyc duong cua nguf)n dién duoc gin vao cyc Cathode va cuc dm- cyc Anode ta c6 tiép xuc
phan cwe nguoe. Chi co mot so it dién tir tir ving p dich chuyén qua vung tiép xic, mot phan két hop véi

phan tir mang dién 16 hong phan con lai qua viing n t6i cuc dwong cua ngudn: Diode ngit.

2. Ky hiéu va so d6 két ndi

A
Metal
| + Ceramic
F Insulator
K
(a) (c)
Anode Cathode Diode Inductaor
Dl \v.l’
L
+
v VSin (AL) V_ =
+ ., = LA i) p < Resistor
“ - <

Hinh 2.8 So d6 két ndi diode.
3. Dic tinh Volt-Amper cia diode (VI): Pac tinh V-I ctia diode dugc chia lam 3 vung

[Type text] Page 34



SR R 1B BL0N(EN [CHUONG II - CAC LINH KIEN BAN DAN CO BAN|

i A Sut ap khi dan
Dién ap danh thing > T

. . Nhanh thuan
Dodng ro

|
i T 0 v
|

Nhanh nghich

Vung danh thiing

Hinh 2.9 Péc tinh V-A cua diode (a-diode thyc, b-diode 1y tudng)
- Vung phan cwe thuin: Khi 0<Vp<Vyp: Diode bt dau dan dong dién qua diode Ip rit nho. Khi Vp>Vip
dong dién ting nhanh va diode dat trang thai dan dién on dinh. Vp goi la dién ap dong.
- Vung phin cwe ngwoc: khi Vp<0; dong dién qua diode giam déan vé 0, dong dién qua diode khong tit
ngay va tiép tuc dan theo chiéu nguoc lai v6i toc do giam ban dau. Sau mot thoi gian ngan, kha nang dan dién
theo chiéu nghich bi mét. Diode ngjt.
- Vung danh thing: khi Vp<-Vpg: Trong d6 Vpg- dién ap danh thing (Breakdown voltage), lam cho
diode bi pha huy
4. Dac tinh dong cia diode:
- Khi diode din twrong dwong nhur mot cong tic dong: dién ap roi trén linh kién U nho, dong dién thuan I
qua linh kién 16n.
- Khi diode ngit twong dwong nhu mot cong tic ngit: dién ap khoa trén linh kién 16n, dong ro qua linh
kién rat nho.
- Thoi gian déng diode - Forward recovery time tpg1a thdi gian can thiét dé diode c6 thé din dong tai khi
dién ap thuan dat trén hai dau cuc cua diode.
- Thoi gian phuc hoi tinh nghich - Reverse recovery time tzg 12 tong khoang thoi gian tir t, khi dong dién
qua diode cit 0 cho dén khi dong dién qua diode bang dong Irr (dong dién ngugc 16n nhat), va khoang thoi
gian t, khi dong dién qua diode giam tir Iy dén 0.25Ixg
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Hinh 2.10 Dac tinh dong cuia Diodes

- Tai thoi diém t=0, dién 4p ngudn ting va dat gia tri deong Um. Do quén tinh cta qua trinh khuyéch tan
dong qua diode khong xuat hién mot cach tirc thoi ma ting dan trong khoang thoi gian t)=tgz. Cling v6i viée
tang dong dién qua diode, dién ap trén hai dau cuc cua diode giam, sau thoi gian t, dat gia tri Up. Tai thoi
diém t, dong dién trong mach xac lap, khi do6 dong qua diode bang I,
- Trang thai d6 duogc giit cho dén thoi diém t=t, khi ddu cua dién ap ngudn thay ddi. Tuy nhién dién tich
duoc tich tu & vang tiép xuc p-n gitt cho diode ¢ trang thai dong mot thoi gian, khi d6 dong dién giam dan vé
0, thuc té xay ra hién tuong dung giai dién tich.
- DPén thoi diém t, dién 4p trén diode bang 0 sau d6 ting theo chiéu 4m, lam cho dong dién nguoc qua
diode ting dén gia tri Iyg, sau d6 qua trinh phuc hdi tinh nghich cta diode duoc tiép tuc dén thoi diém ts, khi
dong dién qua diode giam tir Iyg dén 0.25Ixg. Qua trinh ngit diode két thiic. Dén thoi diém d6 dong dién qua
diode gan bang 0 con dién ap trén hai dau cuc dat gia tri -Um. Nhu vay thoi gian phuc hoi tinh nghich dugc
tinh bang cong thirc

di
‘ dt
- Thoi gian phuc héi tinh nghich thudng nho hon 1ps. Pai luong nay tré 1én quan trong cho cac tmg dung
¢ tan s6 lam viéc cao, nhu cc b bién d6i DC/DC, AC/DC.
- Tir d6 thi hinh 2.10 ta thay ton hao cong suét trong diode sé& ting dot ngdt khi dong va dic biét khi ngét
diode. Pé giam nhitng ton hao d6 va dam bao qua trinh lam viéc an toan cho diode nguoi ta sir dung so dd
déc biét — mach snubber. Mach snubber don gian nhét 13 so d6 bao gém dién tré' R mac ndi tiép voi mot tu.
Mach nay duoc gin song song véi anode va cathode.
5. Nhirng thong s co ban cia diode
- Dong dién dinh muc Ign.,: dong dién thuan cuc dai chay qua diode ma khong lam cho nhiét d§ ctia no
khong vugt qua nhiét d§ cuc dai cho phép.
- Dién 4p dinh murc: 1a dién &p nguoc cuc dai ma diode chiu dugc Vgr

tag =8, +1t,; Ipp =t
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- Dién 4p thuan Vi (Forward voltage): 1a dién 4p giira hai diu cuc A-K khi diode dan.
- Dién ap danh thung Vg (Breakdown voltage).
- Dong dién nguoc Irg: dong dién qua diode khi dién 4p ngugce nho hon di¢n ap danh thing.

6. Cac dang Diodes co ban:

- Small Signal Diode — diode loai nhé duoc st dung nhiéu nhét trong nhimng tmg dung chung nhu linh
kién cho bg chinh luu, mach ngudng, mach tu di€n hay mach tao song.

- Silicon Rectifier Diode — Diode chinh luwu Silicon: diode nay c6 kha ning mang dong 16n dén vi traim A
voi dién trd thudn nho va dién tré nguoc 16n dén MQ. Nhiing diode nay dugc ung dung trong thiét ké cac bod
nguén, bd luu dién, bo bién tan ... Khi dong di¢én thuan l6n hon dong dién dinh mirc, nhiét do cia chung
tang.

- Schottky diode: d6 sut ap theo chidu thuan thap (khoang 0,3V). Do d6, né duoc str dung cho cac mach
dién ap thap. Dién 4p nguoc chiu duoc khoang 50- 100V

- Diode phuc héi nhanh: duoc ap dung trong cac mach hoat dong tin sb cao. Kha ning chiu 4p dén vai
ngan volt va dong vai trim amper, thoi gian phuc hdi tgg nho.

- Diode tin sé céng nghiép: cac diode tan sd cong nghiép duoc ché tao dé dat do sut ap thap khi dan
dién. H¢ qua, thoi gian tgg tang 1én. Kha nang chiu ap cua ching khoang vai kV va dong dién vai kA.

- Photodiode.

- Light-Emitting Diode (LED). tng dung trong cac mach cong suat 16n sir dung cac thiét bi analog hodc
digital.

Aruxde D | (=1 Aruxde D | (=1 Aruxde D | (=1 Arsde B | Cathaxda

Zener Schottky Tunnel
dicde dicde dicde

Diode

Aruxde D?'rl (=1 Aruxde tﬁ (=1 Aruxde D | (=1 Aroda I # Cathesy

Gale

Light-emitting

Photodiode aricap Silicon controllied rectifier
diode

Bang 2.2 Cac thong sO dic trung ciia mot s6 diodes
7.  Mach bao vé: Dé han ché anh huong cua hién twong qua ap va bao vé cho diode cong suit ta mic song
song voi diode mach loc RC. Dé han ché qua dong dién ngudi ta méc ndi tiép cudn cam L véi diode.

—’\/W——l
D

( S
vng
AN
-/

Hinh 2.8 Mach bao vé diode

Luuy: )
- Thong thuong trong cac diode cong suat da c6 chira mach RC tich hop.
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- Pién 4p dinh muc 1a dién ap nghich 16n nhét c6 thé Idp lai tudn hoan trén diode. Pé ting kha ning chiu
ap tai ta ghép noi ti€p cac diode.
- Dbé tang kha nang chiu dong tai ta ghép song song céc diode.

Bang 2.1 Thong s6 cua diodes trong datasheet ctia nha san xudt

TABLE 2.1
peak inverse voltage Fyp, [4]

Diode election based on average forward current [g, ., and

Teiesy Virm 50 100 200 300 400 500 600 B00 1000 1300 1500

(&) (V) Type

0.4 30 Yes yes  yes  yes

10 Hl4 ¥Es Yes Yes Yes Yes yes yes  yes

1.1 G yes yes yes  yes

1.3 i3 yes yes yes  yes

25 U5 yes  yes yes yes  yes

30 Ul1s yes  yes yes yes  yes

Used with permission, [7].

TABLE 2.3 Characteristics (T = 25°C)

Itern Symbols Units Min, Typ. Max. Test Conditions

Peak Reverse Current gy pA 06 10 All class Rated
LY

Peak Forward Voltage Fhy W 1.3 Iy =04 Ap,
single-phase,
half sine wave
1 cycle

Reverse Recovery Time v pis 3.0 I =22 mA,
Fp=—15V

Steady-State Thermal Ry,

Impedance
Ry “C/W 80 Lead
50  length=10mm
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TABLE 2.2 Details of diode for diode F30 selected from Table 2.1

Absolute maximum ratings™*

ltem Type V30l V30L  ViOM V30N
Repetitive Peak reverse Viea V BOOD 1000 1300 1500
Voltage
Nonrepetitive Peak Reverse Vpgy WV 1000 1300 1600 1800
Voltage
Average Forward Current Ijavy A 0.4 (Single-phase, half sine wave
180° conduction TL=100°C,
Lead length = 10 mm)
Surge(Nonrepetitive) Iy A 30 (Without PIV, 10ms
Forward current conduction, ?:, = 130FC start)
I°t Limit Value ’t A%g 36 (Time =2 ~ 10ms, 1=rms
value)
Operating Junction T T =50~ 4150
Temperature
Storage Temperature Tag ] =50~ 4150
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TRANSISTORS CONG SUAT - POWER TRANSISTORS
Transistor ddu tién duoc phat minh vao nam 1948 do cac nha vét 1y ctia phong thi nghiém va rat
nhanh chéng n6 tré thanh linh kién ban dan quan trong nhat thoi diém do.
3. BIPOLAR JUNCTION TRANSISTOR - BJT
1. Céu tao ciu tao va nguyén ly hoat dong:

Emitter Base
nlu Collector Base
4
|
+ +
n V224 n p* Voo pt
p n
" P
Collector Emitter
(a) NPN-transistor (b) PNP-transistor

- Bipolar junction transistor (BJT) cdu tric boi ba 16p p-n-p hodc n-p-n. Tuy nhién dang N-P-
N duoc sir dung nhiéu hon vi loai nay cé kich thuéc nhé hon véi ciing mot mirc dién ap va dong
dién. BJT c6 hai 16p tiép xtic p-n: Collector — Base (CB) va Base — Emitter (BE). Lop tiép xtc
B-E phén cuc theo chiéu thuan dé kéo dién tir vé ving Base, Lép tiép xtic C-B phén cuc theo
chiéu nghich dé thu dién tir vé vung Collector

- Hoat dong cta no ciing gidng nhu diode, & trang thai binh thuong 16p tlep xUc p-n gitra Base
va Emiter phan cuc thuan Vgg>0, nho d6 dién tur dich chuyén tir Emiter dén Base. Vi ving Base
6 cAu tric rit mong nén phan 16n dién tir s& chay qua ving nay va dén ving phan cuc ngugc
Base — Collector Vpc<0 tai d6 co6 vung ngheo dién tich.Trong thoi gian nay dién tir qua vung
nghéo dién tich va két ndi véi cuc Collector 1am BJT dan. Do dién tir dich chuyén tir theo chiéu
am tir E dén C, nén dong dién c6 chiéu co6 chiéu tir C dén E. Luc nay trong 16p phan cuc thuin

B-E, phan tir dién tich 16 hong sé& dich chuyén tir B dén E. Mic du khong déng gop vao dong
dién Ic nhung tong ciia dong dién I va Iy chinh 13 dong dién I.

Ver C
Forward-biased

junction - : . Reverse-biased lc
B o H

injection

48[% P t% Uce

=+
{ holes
>
electrons

Hinh 2.4 So d6 bi¢u dién nguyén 1y hoat dong ctia BJT
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- BIT C¢ 3 dién cuc Collector (C), Emitter (E) va Base (B) va dugc diéu khién hoan toan bang
dong dién I thong qua cuc B va E. Mach cong suat noi gitra 2 cuc C va E.

2. Ky hiéu v so d6 két ndi

T Collector

T Collector ¢
C C
n I 1% Ie
Base I
Base I B
S S P E e
B
n IE p IE
E l E
l Emitter Emitter
BJT dang n-p-n BJT dang p-n-p
L
1 pr—
+o + 0
¥_ o 1 T ¢
VB \'A I
Vi + R§ U,
- - 0 G Tt

(c) Transistor switch

3. Ddc tinh Volt-Amper BJT ) i
Trong dién tir cong suat, transistor BIT dugc sir dung nhu khoa dong ngat cac mach dién va phan
16n dugc mac theo dang mach c6 chung emitter. Pac tinh V-1 cua BJT dugc phan [am 3 vung

I c
R;E st Al
r Increasing
base current
i i
| . -
I Ve - Vs
4
V, Satmé o Constant-current
(a) Circuit diagram region (active) region
' =P,

So dd két ndi Pic tinh V-1 BJT

Trong ving tich cuc, dong dién Ic khong ddi véi VCE va dong IB cho trudc, trang thai nay
thuong dung cho céc transistor nhd hoat dong nhu bd khuéch dai. Mat khac, PTCS doi hoi
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céc transistors phai 1am viéc & ving bdo hoa v6i Vg rat nho hay ving ngét khi dong dién
qua linh kién bang 0. Dong dién I diéu khién tai 16n giita C va E.
a. Active -Ving tich cwe hay ving tuyén tinh: 1a ving ma transistor hoat dong ¢ ché d6 khuéch
dai tin hi¢u, tuong ung voi céac gia tri lam viéc Ucg > Ucgsat va dong Ic>Ico.
) ) Ic=hrg.Ip
Trong do: hgg 12 h¢ s6 khuéch dai dong dién

Mot s6 tinh chit ciia BJT ¢ ché df tuyén tinh:

- Dong dién I¢ ty I¢ v6i dong Ig.

- Dong I¢ hau nhu khéng phu thudc vao dién ap trén Collector.

- Dién 4p trén Base khong phu thudc vao dién ap trén Collector va hau nhu khong phu thude vao
dong Ip.

Tir nhirng tinh chit nay coé thé rat ra két luén:

- O ché d6 tuyén tinh BJT c6 thé thay thé bang nguon dong Ic, diéu khién bang dong Is. Khi
d6 néu bo qua dién ap roi giira B-E thi ¢ thé coi 16p tiép gidp ngan mach

b. Saturation -Vung bao hoa: Dong di¢n Base Iz kha 16n voi dién ap Vg nhd ma BJT hoat
d6ng nhu mot khoa déng. Ca hai 16p tiép xuc déu phan cuc thuan Collector — Base (C-B) v Base —
Emitter (B-E).

- Dé chuyén ché d¢ tuyén tinh sang che d6 bdo hoa can phai ting gia tri dong Ig cho dén khi
dién ap Ucg giam dén gia tri ma & d6 16p tlep xtc C-B phan cuc thuan. O ché d6 bdo hoa dién ap
giita C va E kha nho nén BJT c6 thé thay thé bang khoa dong voi dién ap roi nho.

- Tai diém lam viéc ndm trong vung bdo hoa, transistor s& dong, dong I¢ dan va dién thé Ucg =
Ucgsar =1-2 V. BIT c6 thé thay thé bang khoa dong ngét voi dién ap roi nhd. Do dong dién
Ig>1g SAT, dong dién qua collector I¢ hau nhu khong thay doi.

- Diéu kién bdo hoa cta BJT 1a Ucp=Ucg-Upg=0. Do bda hoa dat dugc khi thoa man diéu kién
Uge>0.

- Trong ché d¢ bio hoa dong dién I bao gio ciing c¢6 gia tri 16n hon dong dién can thiét dé tao
dong I¢ so v6i ché do tuyén tinh.

- Diéu kién Ugg=0 thudong dugc goi 1a ché do gidi han (bién gidi), nghia 1a né dic trung cho
viéc chuyén tir ché d6 tuyén tinh sang ché do bao hoa.

¢. Cutoff - Viing nghich: Dic tinh ra voi thong s6 ig = 0 nim trong vung nay. Transistor & ché do
ngat. Dong Base khong du 16n dé dong BJT. Ca hai 16p ti€p xtc déu phan cuc nguoc.

4. Cac thong s6 va dai lwgng co ban BJT
a. O vung tuyén tinh.
- Dong Emitter dugc xac dinh:

I, =1.+1,
- Dong dién I¢ thay dbi ty 18 thuan v6i dong dién I
Br=hp = j_z
- Theo hinh v&
VB — VBE
Iy=——= Ve =Vee 1R Ve =Vep +Vy hay Ve =V =V,

B
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- Dong Collector 16n nhét I oy trong ving tuyén tinh duge xac dinh tir phwong trinh dién ap

VCBZO va VBE:VCE-
_ VCC - VCE Vcc - VBE

Loy = =
RC RC
- Dong dién Base tuong tng s¢ la:
1
]BM — CM
hFE
b. O vung bédo hoa:
I _ VCC VCESAT
CSAT —
RC
Legar

Mach kich phai tao dong IB du 16n sao cho:
]CSAT
hFE
Trong thyc té, do 16n dong kich dugc thiét 1ap véi hé s6 an toan kg sao cho
Iy =k,
H¢ s0 ks =2 —5 dugc chon dé viéc kich dong an toan khi xét dén dieu ki€n ché tao thyuc té. Viéc
dua h¢ s6 nay dam bao cac transistor déu dat dugc trang thai bao hoa.

Iy > 15 =

¢. Tén hao cong suit trong BJT:
P = VBE[B + VCEIC
d. Manh Darlinton: Céc transistor cong suat 16n ¢6 hé s hgg chi khoang 10- 20. Do do, dé giam

bot dong kich Ig, tire tang hrg o thé ghép ndi tiép cac transistor cong sut theo cau hinh Darlington.
Bt lgi cta cau hinh Darlington 1a d6 sut 4p Ucg bi ting 1én va tin sb dong ngat bi giam.

¥|ic ¥| ic
g .
M +
we B
UCE
- SE
E

Vi du: Néu mubn diéu khién dong dién 7. = 2004 ma chi ding mt transistor v&i hé sé khuyéch
dai h,, =20 thi dong cong Base I, =104 1a rat 16n va kho thuc hién.

. ‘ . . 1
- Khi do6 c6 h¢ s6 khuyéch dai cua BJT Q1 4, = I—Cl hay ., =h.. 1, =1,,. Vay dong Collector
Bl
transistor Q2 ¢6 gia tri I, = hppyl 3o = Hppyhpp I 5, . Néu ta mudn diéu khién dong dién 7. =200A
ta chi cAn hai BJT v&i hé s6 khuéch dai 4., =20 va I, =0,54.
5. Dac tinh dfng cia BJT
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t,, =t, +t,:thoi gian dong
Baze cuarent .
transistor.
t, - thoi gian tré cua qué trinh
_ chuyén sang dong

Collector current | £, - thot gian tdng dong dién

ty =1t +1,:thoi gian ngat

transistor.

: t, - Thoi gian tré clia qua trinh

120,

: Woltage V.,
10%%

ngét
t,- Thoi gian giam dong dién

FIGURE 511  Resistive load dynamic response.
Tinh chat dong transistor tai R

6. Cac thong so co ban BJT

a. Pién ap dinh mirc: phu thudc vao dién ap danh thung cac 16p ban dan va xac dinh bdi gia dién
ap cuc dai dat Ién 16p collector-emitter Ucgom khi Iz = 0 va gia tri cuc dai di¢n thé 16p emitter-base
UEBOM khi IC =0.

b. Dong dién dinh mire: gia tri cuc dai cua dong collector Icym, dong emitter Igym va dong kich Igwm.
D6 1a cac gia tri cuc dai tirc thoi cua transistor khi dong trong trang thai bdo hoa. Khi thiét 1ap
chung, ta xét dén anh huodng cua céac mbi tiép xuc, day dan t&i dién cuc va cac gia tri hpgsar va
Ucesar. o

c. Cong suat ton hao: cong suat ton hao tao nén trong hoat dong cuia transistor khong dugc phép
1am néng ban dan vuot quéa gia tri nhiét dd cho phép Ty (T =150°C). Vi thé, can lam mat transistor
va toan b cong suét ton hao phai nho hon Py Gia tri Py phu thude vao phuong phap lam mat va
nhiét dd moi truong.

d. Mt s6 tinh chét va thong 50

- BJT la linh kién ban dan diéu khién dong ngat bang dong dién Base Ip. Néu muébn diéu khién
dong tai (Ic) 16n can phai tang dong dién Ig, lam cho t6n hao cong sut va nhiét do linh kién tang.

- Transistor cong suat 1a linh kién ban dan duoc diéu khién déng va diéu khién ngit.

- Transistor cong suat hoat dong & ving bdo hoa vi viy c6 dién ap khi dong nho, giéng nhu
khoa dong ngit.

- Tan s6 déng ngat ciia Transistor cong sudt 16n hon gip nhiéu 1an so véi thyristors, tuy nhién
dién 4p va dong dién dinh mirc ctia mot sd transistor cong suat nho hon so véi Thyristors, vi
vdy co ung dung trong cac bd bién ddi cong suét vira va nho.

- Ung dung trong cac bd bién d6i DC-DC, DC-AC véi diode ngugc dé co thé cho dong dién
chay ca hai chiéu.

- Khong c6 kha nang khoé ap nguoc.

- Dién ap dinh murc dén 1200V,

- Dong dién dinh mirc dén 400A.

- Tan sb dinh mtc 10 kHz.

- Dién 4p baohoa hd 1-2V
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- Hé sb khuéch dai dong /., =15+100.
- Dong diéu khién 1 2 dén 10A va 16n hon dong diéu khién cua Thyristor
7. Céc trang thai déng ngit.
- Uce>0, Ig>Igmin BJT d()ng
- Ig<=0 BIJT ngit
8. Mach bao vé: Dé bao vé qué ap trong qué trinh dong ngat BIT ta c6 thé st dung cac mach dudi
day:
- Pé giam téc do tang ap khoa du/dt trong qué trinh ngit ta mic song song BIT voi tu (mach
Snubber RC v R, diode, C)
- Dé giam tdc do ting dong di/dt khi dong mach ta ding cuén cam méc nbi tiép v6i BJT vi L ¢6 tc
dung giam tde do tang dong, tich nang luong, sau dé dugc x4 qua mach L,R.

dv/dt
dv/dt

di/dt E D,

)
7l

9. Mach kich.

- Nguyén tic thiét ké mach sao cho BJT dugc dong ngit boi dong 7 » thich hop, va thay d6i dugc
dong /. trong moi diéu kién. Trong d6 nhiém vu ctia mach kich:

- Giam thoi gian chuyén trang théi (¢, ,¢,, ): bang cach cho dong kich I, giai doan dau kha 16n
va sau d6 giam dan.

- Céch ly dién giira mach diéu khién va mach cong suat: dung bién ap xung hodc linh kién quang
dién tu (opton)

a. Mach cach ly tin hi¢u diéu khién va mach kich_:

- Cac mach phat ra tin hiéu dé diéu khién mach cong suat dung ban dan thudng yéu cau cach ly vé
dién. Piéu nay co the thuc hién bang optron hodc bang bién ap xung.

- Bién dp xung: gém mot cudn so cip va co the nhleu cudn thir cap. V&i nhiéu cudn day phia thi
cp, ta c6 thé kich déng nhiéu transistor mac ndi tiép hoic song song.

- Bién ap xung can c6 cam khang tan nho va dap img nhanh. Trong trudong hop xung diéu khién c6
canh tac dong kéo dai hodc tan sd xung diéu khién thip, bién ap xung sém dat trang thai bdo hoa va
ngd ra ctia né khong thoa man yéu cau diéu khién.
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- Optron: gdm ngudn phat tia hong ngoai dung diode (It gp) va mach thu ding phototransistor. Tin
hiéu xung diéu khién dugc dua vao LED va ngd ra dugc dan tir phototransistor. Thoi gian toy cta
phototransistor khoang 2-5us, torr = 300ns.

- Mach dung optron doi hoi phai tao ngudn riéng cho né. Do d6, mach phirc tap va ton kém hon.

=~ Ve

3. MOSFET - METAL OXIDE SEMICONDUCTOR FIELD EFFECT TRANSISTOR
Khac voi BJT, MOSFET thudc ho linh kién don cyc, vi ching chi sir dung phﬁn 16n dich chuyén khi
dan. Viéc su dung cong nghé metaloxide-semiconductor (MOS) trong mach vi dién tur
(microelectronic) mé ra huéng méi trong viéc phat trién power metaloxide semiconductor field
effect transistor (MOSFET) vao nam 1975.

1. Céu tao va nguyén ly hoat dong

- MOSFET la linh kién ban dan diéu khién hoan toan bang 4p ¢ cong diéu khién Gate. MOSFET
c6 hai loai PNP va NPN. Trén hinh m6 ta ciu tric MOSFET loai n-p-n. Giita 16p kim loai mach
cong va cac mbi ndi n+ va p co 16p dién méi silicon oxid SiO.

- MOSFET ¢6 3 dién cyc Drain (D), Source (S) v Gate (G). Mach diéu khién gan vao dién cuc G-
S va dién ap diéu khién UBE. Mach cong suit gin vo dién cuc D-S.
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Gate

Source
’ Jﬁ
| l

AU 7 /7
A S10
n* [ o |
P P
0"
epitaxy
n* epitaxy
Drain

- Lop tiép xtc p-n gilta p — co ban (nen) (c6 thé goi 1a than hay vung chinh) va ving n — dich
chuyén dam bao kha nang khoa dién. Phan kim loai két ndi truc tiép voi 16p p qua 16p n cho phép
giir dién thé c¢b dinh voi ving p trong thoi gian 1am viée binh thuong. Khi cuc Gate (G) va Source
(S) dugc dat dién ap nhu nhau (Vgs = 0), khéng c6 kénh nao duoc thiét lap trong vung p, nghia
laving kénh khong duoc diéu bién. Dudi chét kich tap ving chuyén dich n- can phai dat duoc dién
ap khoa cong Drain. Doi véi dong tai drain-source Iy dé dan can phai thiét 1ap duong gitra n' va n’
qua ving khuyéch tan p.

- Khi MOSFET ¢ trang thai dan (triode region), kénh cua linh kién nhu mét dién tro khong doi
ty 16 tuyén tinh giita vpg va ip

dvpg
a B seComssa e

er&[ﬂnj i6.1)

Tén hao cong suét téng khi dan véi MOSFET c6 dong thuan Ip va dién trd thuan Rpg o, dugce tinh:
Pﬂl'l.di.ﬁ IE:'RDS{QH] (6.2)

- Gia tri Rpgon co thé nhan gia tri tir 10 mQ dén vai Q twong tng voi dién ap thip va dién ap
cao. O trang thai dan dién tro nay la thong s6 quan trong, vi nd xac dinh dién ap roi trén linh kién va
t6n hao cong suat. Khac véi linh kién diéu khién bang dong dién BJT, can dong dién Base dé dan
dong dién tai, MOSFET la linh kién diéu khién bang 4p va chi can dong dién (gate) rat nho vi vay
cong suét can thiét nhé hon BJT. Tuy nhién d6 khong phai 1a dong khéa giéng BIT, nghia 1a dién ap
kich lu6n phai ton tai. So sanh v6i BIT tan sé dong ngat cia MOSFET 16n hon nhiéu 1an dén MHz,
BIT c6 kha ning mang tai cao hon MOSFET. MOSFET c¢6 dién tré khi dan 16n hon BJT. Mot s6 su
khac biét, BJT nhay cam v6i nhiét do 16p tiép xtic hon,

- Khi dién 4p cong Gate 6 gia tri dwong du 16n so v6i Source, dién tu tir 16p nt s€ dich chuyén
sang cong p. N6 lam cho cong gan vo1 Gate va cho phép dong dién chay tir Drain dén Source.
Silicon Oxide (SiO) s& cach dién giita cong va ca 10p tiép xtic: n+ va p. Trén ving cuc Drain tao 16p
dém n+ va 16p tréi n- . Cuc diéu khién va cuc cong sut bi cach ly.

2. Ky hiéu va so d0 két ndi
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Drain (D)
D + C
o] D¢ G
G o[ IGBT }vgs
Lo !
l_ & Gs E
|_. V. s 0 N 1 T t
Gate (G) Vps + Vv, —
(©) = — R<u ’_
* -_—
L -
(s) S . 0 4 T !
Source (S) (d) MOSFET/IGBT switch
Drrain(D)
|
Metal substrate
D al R” IL'I
Metal -
£
G p-Type | —i‘—| -
substrate Vop D P |_ +
" R
G | ‘)vm o Vo | |4 Ve
+
+ - + .
I Vs S Voo |_
b T jate(G)
o ° 1
Basic structure Symbol Vee - Source(3)
(a) n-Channel enhancement-type MOSFET .
| Dirain (I
Metal substrate
D i
Metal ~ Rp
G n-Type .
S substrate [ D | +
i \,’[ i \‘l, +
= i 1) ! Rp
—I; . - G | )vl,\. H .
el 2 1/ - Gate (G) Vos
Oxide — Vi S Vi T — I
+ - e —
Basic structure Symbol "E}.T -
(b) p-Channel enhancement-type MOSFET b
Source (S)
()
3.  Daic tinh Volt-Amper MOSFET
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(linear region) region)

, .I - L T ¥
Ves=Vas Y | Vs Yoz —Vm

Tricde Saturation region {active
w3
‘I Ds
|

G
O
Vg5 increases
‘-.’r[ " S v DD — —|—
t Al Fas=Vtl
o .
Symbol
So d6 két nbi "
Vs
(&)
bac tinh VI MOSFET

bac tinh V-I cuia MOSFET dugc phan lam 3 vung:
- Cutoff mode - Viing nghich: Vgs<Vr, dic tinh ra véi thong sb Ip = 0. Nam trong ving nay.
MOSFET ¢ ché d6 ngit. Trong 6 VTh 1a dién ap dong cia MOSFET
- Triode mode or Linear Active -Vung tich vuwe: Vps<Vgs-Vrn; Vgs>V 12 vung ma MOSFET
dan, dong dién chay tir cong Drain dén cong Source. Dong Ip ty 18 véi dién ap Vps. Dong dién Ip
16n va dién ap Drain — Source nho, MOSFET hoat dong nhur khoa déng ngit.
- Saturation -Viing bdo hoa: Vps>Vgs-Vn, Vas>V Dong dién Drain Ip hau nhu khéng ddi
khi dién &p Vpstang va MOSFET hoat dong nhu mot khau khuéch dai.

- MOSFET trong BDTCS chi st dung hai trang thai Triode mode va Cutoff mode
4. PDac tinh dong cia MOSFET

'Iwﬂ.

Thoi gian dong Ton
Forwr}rd voltage drop Thot gian ngét Toff

‘/.“f time

¥ ;
: : Turn-ON ; _\. Turn-OFF
= ; = switching == switching
P~ delays X 5 delays
: ; 4 : :

time

f—- — :

i "=+ Leakage current !

plo) '

switching
losses

mag 17Ty

time

conduction losses

- o

TS

5. Cac thong so6 va tinh chat co ban MOSFET
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- Dé MOSFET ¢ trang thai dong, doi hoi dién ap céng tac dung lién tuc. Dong dién di vao mach
cong diéu khién khong dang ké trir khi mach ¢ trang thai qua do, dong hodc ngit dong. Lic d6 xuét
hién dong phong va nap dién cho tu ciia mach cong.

- Thoi gian dong ngit rat nho, khoang vai ns dén hang trim ns phu thudc vao linh kién. Dién tro
trong cia MOSFET khi dan dién Rp on thay d6i phu thudc vao kha ning chiu ap cua linh kién. Do
d6, cac linh kién MOSFET thuong c6 dinh muc ap thip twong tng voi tré khang trong nhoé va ton
hao it.

- Do téc d6 dong ngét nhanh, ton hao phat sinh thip. Do d6, voi dinh mirc 4p tir 300V- 400V
MOSFET t6 ra vu diém so v6i BJT & tin s6 vai chuc kHz.

- MOSFET c6 thé st dung dén murc dién ap 1000V, dong dién vai chuc amper va v6i muc dién
ap vai tram volt véi dong cho phép dén khoang 100A. Pién ap diéu khién téi da 20V (2V,5V, 10V..
tiy theo loai), mic du thong thudng co6 thé dung ap dén 5V dé diéu khién duoc né.

- MOSFET la linh kién ban dan diéu khién dong ngit bang dién ap va doi hoi dong dién nho. Tan
s6 dong ngat rit cao va thoi gian dat dén 100 kHz. Vi vdy MOSFET ung dung trong cac bo bién dbi
cong suat nho va tan s cao. Tuy nhién, linh kién MOSFET khi két hop voi cong nghé linh kién
GTO lai phat huy hiéu qua cao va ching két hop véi nhau tao nén linh kién MTO c6 tng dung cho
céc tai cong sut 16n.

- MOSFET doi hoi coéng suit tiéu thu & mach cong kich thap, téc do kich dong nhanh va ton
haodo dong ngit thap. Tuy nhién, MOSFET c6 dién tré khi dan dién 16n, do vdy cong suat ton hao
khi dan dién 16n 1am n6 khong thé phat trién thanh linh kién cong suat 16n.

- Céc linh kién MOSFET c¢6 thé dau song song dé mo rong cong suat

- Ung dung cho céac bo bién doi cong suit nhod

- Tan s6 dong cit cia MOSFET lén dén 100 kHz.

- Ap dinh mirc cia MOSFET dén 1000V

- Dong dinh mtrc cia MOSFET dén 50 A

- Mosfet c6 ciu tric diode ngugc 1y sinh (do cdu triic ban dan)

- Do sut ap trén MOSFET cao hon so v6i BJT

- Piéntré khi dan (tr 0,1 Q dén vai Q)

- Tbn hao trong MOSFET cao.

6. Cac trang thai déng ngit.

- Ups>0, Ugs>0: MOSFET d()ng

- Ugs<=0: MOSFET ngit
7. Mach bao vé.
- Khong cin bao vé nhiéu nhu BJT nhung ta ¢ thé sir dung mach RC méc song song v&i ngd ra
cta linh kién dé han ché tac dung cua gai dién ap va cac xung nhiéu dao dong xuét hién khi linh kién
dong.

Rir 5] Fir
,_
— 1+ hl -+
¥ 4’<
—3— L ! B
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8. Mach kiqh. Tu’qng tu nhu BJ T,’ mach kich céng G ctia MOSFET ¢6 thé duoc cach ly v6i mach
tao tin hi¢u di€u khién thong qua bién ap xung, optron hodc diode quang.

L
o UG
—|:|J—_|£_| I Re : @1 e
Rs R + 7 +
UG u RG Ll a2
Ic v
{’f
n E Fic K3
A +
2 J/UG
7 _ o L
Bing 1.2 Cic thong sb dic trung ciia MOSFET
Loai MOSFET Dién 4p dinh mirc (V) | Dong dién dinh muc (A) Ron (Q)
IRFZ48 60 50 0.018
IRF510 100 5.6 0.54
IRF540 100 28 0.077
APT10M25BNR 100 75 0.025
IRF740 400 10 0.55
MTMI15N40E 400 15 0.3
APT5025BN 500 23 0.25
APT1001RBNR 1000 11 1.0
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4. IGBT - INSULATED GATE BIPOLAR TRANSISTOR

- Insulated gate bipolar transistor (IGBT) — duoc phat minh vao diu nhitng nim 1980 va 1a linh kién
rat thanh cong véi nhimg dic tinh ndi troi. IGBT c¢6 cdu trac 3 cuc Gmg dung trong diéu khién ning
luong dién va nhiéu tng dung khac khong thé hiéu qua khi khong co IGBT. Trudc khi xuat hién
IGBT, BJT va MOSFET dugc sir dung rong rdi trong cac ing dung cong suit vira va nhé voi tan sd
dong ngit cao ma & d6 GTO khong thé st dung.

- IGBT c¢6 dic tinh tdt hon so vé&i céc linh kién con lai do IGBT 1a mach Darlington cua BJT va
MOSFET, vi vy né c6 dién tré khi din nhé nhu BJT, cach ly cuc didu khién va cuc cong suit nhu

MOSFET va diéu khién bang dién ap.

Emitter Gate

m- drift

pt substrate

]
Collector

(a)

E

I

PNP

B

()

NPN jl— G

N-MOSFET

FIGURE 7.2 The IGET (a) half-cell vertical cross section and (h)

equivalent circuit model.
1. Céu tao va nguyén Iy hoat dong

Collector

p” substrate

n"- Buffer layer

n”epi

Gate . N N\ Gate
SN G

ff = \

Epitaxial
drift region
N-

P-f-

S

Emitter

(5 Collector

Lop p cuc Collector cua IGBT két hop v6i 10p n ving khuyéch tan tao tiép xuc p-n, khi dan. Dé don gian ta

gia thiét cuc Emitter 14 dién thé mat (ground potential).

Khi dién thé cyc C am, 16p tiép xtic p-n khuéch tan phan cuc ngugc, ngan khong cho dong dién tai chay

trong linh kién — linh kién & trang thai ngat.

Khi cue G ¢6 dién ap mat (ground potential) ma dién ap duong trén cuc C, tiép xuc p-n khue:':ch tan cling phan
cuc nguoc, lam cho dong dién tai khong chay trong linh kién — linh kién & trang thai chua dan.
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Khi cyc G mang dién thé duong 16n hon dién ap dong Vry,, kénh n dugce hinh thanh cho phép dién tir dich
chuyén vao ving n-khuéch tan. Lop tiép xtc p-n khuéch tan phan cyc thuan va dién tich 16 hong dich chuyén
vao ving khuéch tan. Trong ving nay dién tir két hop voi dién tich 16 hong thiét 1ap khoang trung hoa, cac
dién tich 15 hong con lai két ndi véi cuc E, tao dong dién giira hai cuc E-C.

Emitter Ciate

- drift
i buffer
p* substrate

Collector
FIGURE 7.4 ]-"L'lnch-thmugh (PT) IGET.

- IGBT la transistor cong suét hién dai, ché tao trén cong nghé VLSI, cho nén kich thudc gon nhe. N6 co
kha nang chiu dugc dién ap va dong dién lon cting nhu tao nén do sut ap vira phai khi dan dién.

- IGBT c6 céu trac 20m bon 16p p-n-p-n. IGBT co chu tao gbm 3 cong Gate (G), Collector (C), Emitor
(E). Mach diéu khién ndi vao céng GE, mach cong sudt dugc ndi gitra cong C-E.

- IGBT duoc thyc hién tir sy két hop giita IGBT dau vao v6i cong Gate cach ly va transistor dang n-p-n
dau ra, nhd d6 ma IGBT tap hop dugc nhirng déc tinh cua ca IGBT va IGBT. Céng Gate cua IGBT giéng nhu
cong Gate cia MOSFET, con cyc Collector va Emitor giéng nhu BJT.

- Viéc kich din IGBT duoc thuc hién bang xung dién ap dua vao cong kich G. Khi tac dung 1én cong G
dién thé duong so v6i Emitter dé kich dong IGBT, cac hat mang dién loai n duoc kéo vao kénh p gan cong G
lam giau dién tich mach cong p cia transistor n-p-n va lam cho IGBT dan dién. Dé ngit IGBT ta ngit dién ap
cép cho cong GE.

2. Ky hiéu v so' d6 két noi

C
Rymop Coliecor C
PNP (o] o)
R P
Go— ] NN Gat: o—| Q G o—|
RBE

0 (o]
E Erminer E
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+ : c
De G
G 3 o~ IGBT 4uvgs
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- - 0 Tt

(d) MOSFET/IGBT switch

3.  Daic tinh Volt-Amper IGBT
- bac tinh V-A ctua IGBT c¢6 dang tuong ty nhu déc tinh V-A cia MOSFET.
- 3

- =
Z 6 e Ve =10V =
ti = i B o9, "
= 8 ey WV B~ :
E 4 e o . |
el -_' j= 4 =
o 3 § 8V e :
= B g e bR s R A :
o 92 ) = 1t i
el < b [N - "
J—-IE tl.plllllllbll‘lllltlll -------- —I-.-l._.- : r-
= 1 ¥ o
= | RPN o o
- D L L FE L FEmmamE PR |:} - R
0 2 4 & 8 m 1z 1] 2 4 &
COLLECTOR VOLTAGE (V) GATE VOLTAGE (V)
FIGURE 7.3 The IGBET {a) forward- and (b} transfer characteristics.
S
6 - VGE =10V
Gate signal <
=5
g
o ] Vv
X5 ’
&}
537 8V
Q
= 2
o) A%
]
19 6V
0 T T T T 1 Ve
0 2 4 6 8 10 12
N A, As Collector—emitter voltage
So d6 ket noi
Pac tinh VI IGBT

béc tinh V-I cia IGBT dugc phan lam 3 vung:

- Cutoff mode - Viing nghich: V<V, dic tinh ra véi thong s6 Ip = 0. Nam trong ving nay. IGBT & ché
d6 ngat. Trong d6 VTh la dién 4p dong cia MOSFET

- Triode mode or Linear Active -Vung tich viwc: Vce<Vce-V; Vo=V 12 ving ma IGBT dan, dong dién
chay tir cong Drain dén cong Source. Dong I¢ ty 1¢ véi dién dp Veg. Dong dién Ic 16n va dién ap C-E nho,
IGBT hoat dong nhu khoa déng ngit.

- Saturation -Ving bio héoa: Vce>Vge-Vm; Vo>V, Dong dién Ic hau nhu khong d6i khi dién ap Vg
tang va IGBT hoat dong nhu mot khau khuéch dai.
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- IGBT trong BDTCS chi st dung hai trang thai Triode mode va Cutoff mode
- Dé ngit IGBT, cuc G dugc nbi tat véi cong E lam cho dong dién trong transistor p-n-p ngung. Dong
IC dot ngdt giam nguyén nhan 13 vi kénh dién tir bi gd bo, dong thoi hat dién tich dwong du thira
trong ving n-khuyéch tan bi suy giam vi két hop lai véi dién tir.
4. Daic tinh dong cia IGBT

Veet Vao™
| 1I"ITE-:E".In::'_: ) 1-*
Veelth Ve : | t VeeEm 1""1'1:_-5:".':.': , ; I_-__
-/ Ve
Lo tﬁrngf ‘ri]f
" L
/ be R
)'I o i o h
108 ¢ t-—
1
b s V.
1-‘--'\: V. l. V.
- = CE{ox) CEfom) t
‘ 1 S~ | Ver | ;
Veelt) | ; 1 t

Thoi gian chuyén sang trang thai ON ciia IGBT 16n hon so v6i MOSFET, trong thoi gian td.on, dong kich
nap tu theo suon ddc dién ap Gate-Emiter dén gia tri dién 4p ngudng VGE.th, trong thoi gian tri dong dién
tai tang dén gia tri on dinh, gia tri cua thoi gian nay xac dinh suon dong dién. Khi dién ap Gate-Emiter dat
dén gia tri VGE.Ion, dong dién Collector on dinh, dién ap collector-emitter bat dau giam. Sau hai khoang
thoi gian IGBT dan. Trong khoang thoi gian dau tfv1 dién ap collector-to-emitter giam nhanh, thoi gian tfv2
can dé thiét lap diéu kién phun ¢ muc cao trong vung khuéch tan. Pién ap Gate bat dau ting lai chi sau khi
transistor chuyén tir ving bao hoa sang ving tuyén tinh, khi transistor dan hoan toan va dién ap collector-
emitter dat gid tri dién ap dan cudi cung.
5. Cac thong sb co ban IGBT
- IGBT két hop nhimng wu diém cia MOSFET va BIT.
- Uu diém cua IGBT la kha nang dong ngit nhanh, lam né duoc sir dung trong cac bo bién doi diéu ché do
rong xung tan sd cao. IGBT hién chiém vi tri quan trong trong cong nghiép véi hoat dong trong pham vi cong
suat dén 10MW hoic cao hon nita.
- Cong ngh¢ ché tao IGBT phat trién ting nhanh cong sut cua IGBT da giup no thay thé dan GTO trong
mdt s6 Umg dung cong suat 16n. Piéu nay con din dén cac cai tién hon nira cong nghé ciia GTO va tao nén
cac dang cai tién ctia né nhu MTO, ETO va IGCT.
- Gibng nhu MOSFET, linh kién IGBT c¢6 dién tré mach cong 16n 1am han ché cong suét ton hao khi dong
va ngat. Giéng nhu BIT, linh kién IGBT c6 d6 sut ap khi dan dién thdp (~2—3V; 1000V dinh mirc) nhung
cao hon so v6i GTO. Kha ning chiu ap khéa tuy cao nhung thap hon so véi cac thyristor. IGBT c6 thé lam
viéc voi dong dién 16n. Tuong ty nhu GTO, transistor IGBT c6 kha nang chiu ap nguoc cao.
- So véi thyristor, thoi gian dap ung dong va ngit IGBT rat nhanh, khoang mot vai is va kha nang chiu tai
dat dén muc dién ap vai ngan Volt (6kV) va dong dién vai ngan Amper.

-Kha nang déng cat nhanh dén 100kHz
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-Ap dinh mirc dén 6.3 kV

-Dong ding mirc dén 2,4 kA

-Dién tré linh kién khi dan dén 50mQ .

-Ung dung cho bo bién d6i c6 cong suét 16n dén 10MW

- C6 kha nang chiu 4p nguogc cao.

- Sut 4p thap 2-3V véi ap ding mtc 1000V.
6. Modul IGBT thdéng minh (Intelligent Power Modul): duoc ché tao boi cong nghé tich hop cao. Trén
modu’l chua dung ph?ln tir IGBT, mach kich lai, mach bao vé, cam bién dong dién. Cac modul nay dat do tin
cdy rat cao.

7. Cac trang thai déng ngit.

- UCE>O, UGE>0I IGBT d()ng

- Ugp<=0: IGBT ngit
8. Mach bao vé: IGBT c6 kha ning hoat dong t6t khdng can dén mach bdo vé. Trong trudng hop dic biét,
6 thé st dung mach bao vé cuia MOSFET 4p dung cho IGBT
9. Mach kich. Mach kich IGBT duot thiét ké twong ty nhu mach kich cho MOSFET. Do gia thanh IGBT
cao, va dac biét cho cong sudt 16n, mach kich lai IGBT dugc ché tao dudi dang IC cong nghiép. Cac IC nay
c6 kha nang ty bao vé chéng qua tai, ngfm mach, duoc ché tao tich hop dang modul riéng (1,2,4,6 driver)
hoac tich hop trén ca modul ban dan (hinh thanh dang complex (bao g(‘A)m mach 1ai, IGBT va mach bao v¢)

Bing 1.3 Cac thong s diic trung ciia IGBT
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Bang 1.3 Cic théng s6 dac trung cua IGBT

Loai bién d4p dinh  Dong trung binh Vum o (dic tring)
mifc 16n nhat dinh mic

Linh kién r&i
HGTG32N60E2 600V 32A 2.4V 0.62 s
HGTG30N120D2 1200V 30A 3.2V 0.58 s
Linh kién dang
module
CM400HA-12E 000V 400A 2.1V 0.3 s
CM300HA-24E 1200V 300A 2.7V 0.3 s
Module dp thip

oV 60A 0.48V

45V 440A 0.69V

150V 30A 1.19V
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5. SCR - SILICON CONTROLER RECTIFIER

- Thyristors la linh kién ban dan 4 16p p-n va 3 cuc, khac véi transistor quan hé giita dong dién tai
va dong dién diéu khién la ludng on dinh. Cong diéu khién la Gate (G) ¢6 thé duoc tich hop trong
chu triic cta linh kién. Hai cong con lai anode (A) and cathode (K), can chiu dién 4p 16n va dan
dong dién chinh qua linh kién. Hai cong nay duoc ndi t1ep voi tai.

- Thiristor dugc st dung gan 1y tuong: khi dong (dan) — khong c6 dién ap roi trén anode va
cathode va khi ngit (m&) khong co dong dién anode, dé diéu khién cong suat tai.

9. Céhu tao va nguyén Iy hoat dong.

Anode (A)
A K G
P
I
D- -
n G
P
I3 K
o+

Cathode (K) Gate (G)

Céu triic thyristor
Hoat dong cua Thyristors dugc mo ta nhu sau:
Khi dién ap duong trén anode (so v6i cathode), thyristor ¢ trang thai khoa thuan (forward-blocking state).
Lép tiép xtic J2 phan cuc ngugc. Trong ché do nay dong kich gate
current bang 0 (mach h). Trong thuc té, dién 4 ap cong gate c6 gia tri &m nho (so vdi cathode) trén tiép
xtc phan cuc nguge GK J3 va ngan dich chuyén dién tich vao 16p p. Trong diéu kién nay chi cé tac dong
nhiét tao dong rd qua linh kién va thuong c6 gia tri gan bang 0 (Gia tri thyuc té dong rd nho hon nhiéu lan
so v6i dong dién thuan khi linh kién din). Néu dién ap thuan khong vuot qua gié tri can thiét dé tao dich
chuyén nhan trong viing nghéo dién tich J2 (hiéu ing dénh thung), thyristor van ¢ trang thai ngét — khoa
thuan (forwardblocking).
Néu dién ap vuot qué dién 4 ap dién ap thuén cuc dai thyristor, thyristor chuyén sang trang thai din. Tuy
nhién ché do dong nay co the gdy hu hong linh kién vi vdy can tranh.
Khi dong dién duong trén cong gate tiép xuc J3 tré nén dan thuan, dién tir tir 16p n chay sang 16p p. Mot
s6 dién tir khuéeh tan qua 16p p va dugc ndi v6i 16p n, Do d6 1am thay doi diéu kién dich chuyén cia tiép
xuc J1. Sy thay d6i nay 1am cho dién tich 16 hong duong phun tir 16p p —emitter sang 16p n., nhiing dién
tich nay khuéch tan qua 16p n va két ndi véi 16p p-. dién tich bd xung trong 16p p cling la dong gate. Toan
bd qua trinh nay duoc tai sinh va 1a nguyén nhan 1am cho 16p tiép xic J2 phan cuc thuan va thyristor
dugc chdt & trang thai dan (Dan thuan). Qua trinh tai sinh nay s& ton tai khi dong dién gate ¢ gia trj va
thoi gian du. Phuong phap dong thyristor bang dong diéu khién nay 1a phuuong phap phu hop va mong
muon.

Céu truc thyristor

- Thyristor 1a linh kién ban dan véi cdu tric gom 4 16p tiép xtc n-p. Véi ba cuc Anode (A), Cathode
(K), Gate (G).

- Mach diéu khién gin vao cong GK, mach cong suat gin vao cong AK.

- Vé mat cAu tao Thyristor gém mot dia silic tir don tinh thé loai n, trén 16p dém p co cuc diéu khién
bang nhém. Lép Cathode 13 16p ban dan loai n rit mong va mat d6 dién tir rat cao. Nén néu c6 dong thuan
qua s& tao nén nhiéu dién tir & 16p didu khién. Lop diéu khién 12 ban dan loai p mong c6 mat do trung
binh, do d6 hau hét cac dién tir & 16p Cathode c6 thé t&i duge 16p diéu khién.

Hoat dong ctia Thyristor con c6 thé giai thich tuong tu hai transistor: hai transistor duoc két ndi dang tai
sinh sao cho téng dong dién thuan 16n hon gia tri ma né thé chuyén sang trang thai bio hoa.
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10. Ky hiéu v so’ d6 két ndi
A(i) Anode T o,
A
’ [ +va-|
1| +Vak—
> n
G I
K Gate I, g Ry
n
Ké) Cathode
Ky hi¢u So do két noi
VG
1
Gate [l I]
signal T 0 I] t
v
+o J;:/O o + e
Thyristor Vo
Input Output Vi
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Vi v,
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(a) Thyristor switch

11. DPic tinh Volt-Amper SCR /. = f({;,U ,;)

Iy >l > Iy

[?3 IGI IGI
I - /

; T T ]
Vi VY Wy

V>V, >V,

- Nhanh thuin : Uy>0 va Ig>0, Thyristor dan tuong ung véi gia tri khac nhau cia dién ap Uxx ma
dong diéu khién I co nhitng gia tri khac nhau. Thyristor ¢6 thé din véi I =0 khi dién ap Uxg c6 gia tri
kha 16n. Mach tuong duong ciia SCR gdm 2 Transistor méc déi Collector va Base v6i nhau xung I 1am 2
Transistor nhanh chéng dan bao hoa.
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- Nhanh nghich khi Uag<O0 Thyristor lam viéc nhu mét diode phan cuc ngugc va chi cho dong dién
10 khoang va mA chay qua. Khi ap nguoc dat dén gia tri nhat dinh (Ugg) — gid tri ndy phu thudc vao cu
truc cua Thyristor, dong dién ting dot ngdt va Thyristor bi danh thung.

- Luc SCR dén, trang thai ctia n6 giéng diode nén dong I; khong con can thiét nita dé duy tri trang thai
dong cua SCR.

- Vgo (BO- Break Over) — ap thong dong. Khi dién ap Vax dii dwong dé dong SCR ma khong can tin
hiéu diéu khién. Khi tang dong kich thi ap thong dong giam theo IGZ>I(;1>IGO — Vip2<Ugn1<Ugo.

- Ip (L- Latching) - Dong chét: Dong dién anode nho nhit dé giit cho thyristor ¢ trang thai dan thun
ma c6 thé ngat xung diéu khién.

- Iy (H — Holding)- Dong duy tri : trong qua trinh dong thudn SCR I thip hon dong duy tri Iy thi SCR
tu dong chuyen sang trang thai ngit

- Vgr — Ap danh thung SCR.

12. Pac tinh dong ciia SCR
a. Qua trinh déng SCR.

- Qua trinh ting dong trong thyristor dugc bt ddu sau mot khoang thoi gian to, gid tri cua thoi gian
nay phu thudc vao bién do dong xung ban dau Imax va dao dong trong khoang 0.1-2 mks. Trong khoang
thoi gian ban dau dong qua thyristor ting dén gia tri dong chdt, dong nay thuong cé gia tri bang 0,11dm.
- Sau d6 dong dién ting dan va dat gia tri on dinh sau khoang thdi gian teo, Sau khi thyristor dan xung
dong dién diéu khién c6 thé giam.
b. Qua trinh ngit SCR dwgc tong hop tir 3 giai doan:
- Thoi gian phuc h01 tinh nghich trr
- tg- Thoi gian ngit an toan ctia Thyristor: 12 khoang thoi gian tir khi dong thuan tr¢ vé 0 cho dén khi
Xudt hlen dién ap khoa thuan ma SCR khong bi déng lai khi chua c6 tin hiéu xung diéu khién.

tq=trr+tr

v
Vb - : I
I I
0 J I
N 127
@ | o |
: eakage | :

I

I

current

i

¢. Tén hao cong suit trong SCR: bao gdm t6n hao khi dong thuan chay qua, ton hao trong qua trinh
dong ngit va ton hao trong mach diéu khién. Toén hao khi dong thuan chay qua dugc tinh giéng nhu &
diode. Con ton hao khi dong ngit va trong mach diéu khién phu thugc vao phuong phap dong va ngit
thyristor.

d. Phuong phap ngat thyristor:

- Phuong phap ngét ty nhién: cc bd chinh luu ¢ diéu khién, cic bo bién tan truc tiép va bo bién ddi
dién ap xoay chiéu.

- Phuong phap ngét cudng buc - thuong st dung nap tu

13. Cic théng sb co ban ciaa SCR

- Sau khi thyristor dan cuc didu khién mat tinh chat diéu khién vi thé khong thé sir dung n6 dé ngit
Thyristor. Thyristor c¢6 thé tu ngat khi dong dién qua n6 nhé hon dong dién duy tri. Pbi voi Thyristor 1y
tuong thi dong duy tri bang 0. Tuy nhién dbi véi Thyristor thyc té thi gia tri nay khac 0.

- Dung cho mach cong suit 16n

- Mach diéu khién dugc ndi gitra cyc G-K. Mach cong suét duoc ndi gitia cuc A-K

- Linh kién diéu khién bang dong IG kich déng cho SCR

- Khong c6 kha ning kich ngit, SCR chi bi ngit khi dong qua n6 nho hon dong duy tri.

- Ap dinh mirc SCR vai kV, dong dinh mirc vai kA
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- Tin hiéu diéu khién 1a dong dién, dong diéu khién nho hon dong diéu khién caa BJT
14. Cac trang thai cia SCR: SCR c6 3 trang thai:

- Trang thai ngét khi dién ap trén cuc anode am so vdi cuc cathode.

- Trang thai ngit khi dién ap trén cuc anode duong so vdi cuc cathode.

- Trang thi dan.
E

R R
Ay Ay Ay

(tiu 7 ay (u yray (o prAL

U ,« <0 : SCR ngit. U, >0;1,<0:SCR ngit U, >0;I,>0:SCR din

Khoéa nguoc Khoa thuan Dan thuan

15. Mach bao v¢ o N ) ) ) )
Neéu dy/dt qua 16n dan dén SCR dan ngoai y muon Vi theé nguoi ta gidi han toc do thay doi dién ap

khoa trong khoang 10 —100V / us
- Néu dIydt 16n quéa s& lam tiét dién SCR bi qua tai & chd ndi véi cong lam hong SCR .Vi thé ngudi

ta gidi han d¢ tang cua dong thudn trong khoang 10-100A/ps.

c;ZTHY
: E;ZTHY 9
[T T

Mach bao vé du/dt Mach bao vé du/dt

Mach bao vé di/dt

16. Mach kich SCR.

Ss1

& 1)

MBAT

COMPCT

AND uG11 QKD

Thi du so d6 mach kich thyristor
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TABLE 3.3

Thyristor maximum ratings specified by manufacturers

Symbal

Description

Frma

Frmu
Frsm

o

Tmmmsn frimas

Ty ey
"rTMﬁl "r'Fl,'I'ﬁMl
I (GTO)
r

r
re

Feak repetitive reverse voltage

Feak nonrepetitive reverse voltage (tramsient)

DC reverse blocking voltage

Peak repetitive forward off-state voltage

Peak nonrepetitive forward off-state voltage
[transient )

D forward blocking voltage

RS forward an-state current

Average forward on-state curment at spedfied case
or junction temperature

Peak ome-cyce surge on-state current (values
specified at 80 and 50 Hz)

Feak controllable current

Monrepetitive pulse overcurrent capahility (8.3 ms)

daximum power disipation

Critical rate of nise of on-state current at specified
junction temperature, gate current, and forward
blncking voltage

il po for GTO Peak gate power dissipation [reverse)

e GTO)

AV

Taoy [GTO)

Tﬁ TG
T

&
[’Rm

Peak gate power dissipation [reverse)
Average gate power dissipation

Peak forward gate voltage

Feak reverse gate voltage

Feak forward gate current

Feak reverse gate current

Storage temperature

Junction operating temperature
Woltage isolation (modules)

TABLE 3.4

Typical thyristor characteristic maximums and minimum

specified by manufacturers

Symbaol

Description

v

Fr
I::-l._.l'.l J F;._. pLt ]
o

T, (GTO)

T

Reg
o)

Maximum on-state voltage dmop (at specified junction
temperature and forward current)

daximum forward off-state current {at spedfied junction
temperature and forward voltage)

Maximum reverse off-state current {at spedfied junction
temperature and reverse voltage)

pinimum critical rate of rse of off-state voltage at
spedfied junction temperature and forward-blocking
voltage level

baximum gate trigger voltage (at spedfied temperature and
forward applied voltage)

Maximum gate nontrigger voltage (at specified temperaturs
and forward applied voltage)

Maximum gate trigger cumrent {at specified temperature
and forward applied voltage)

Maximum turn-on time {under spedfied switching
conditions)

paximum turn-off ime (under specified switching
conditions)

Maximum turn-on delay ime (for specified test)

Maximum junction-to-case thermal resistance

Maximum case-to-smk thermal resistance {interface
lubricated)
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5. GTO GATE TURN OFF THYRISTOR
GTO 1a linh kién ban dan cong sut cau trac 3 cong 4 16p p-n, thudc ho Thyristor. Ngoai ra GTO thuc dang didu
khién hoan toan bang dong dién bang cong gate. Cau tric, cai tién va hoat dong cua GTO rat d& hiéu néu ta so sanh
v6i thyristor thong thudng. Tuong tu nhu thyristor thong thudng dé dong GTO cin mét tin hiéu duong vao cong
Gate, tuy nhién c6 diém khéc 1 dé ngit GTO can mot tin hiéu 4m & cdng Gate.
C6 hai dang GTO: khong dbi ximg va dbi xtng, tuy nhién loai khong dbi ximg dwoc sir dung nhiéu hon. Loai nay
mic dbi song voi diode vi vay kha niang khéa ap nguoc 1a khéng cé. Dan nguoc dugc thie hién béi diode nguroc di
duoc tic’h hop trong linh kién. GTO dang dbi xtng c6 kha nang dan thuan va dan ngugc.
17. Cau tao va nguyén ly hoat dong
Céu tric co ban ciia GTO tuong tu nhu Thyristor thong thudng, tuy nhién GTO c6 mot s thiét ké khac véi
thyristor dé dong va ngat linh kién bang cach thay d6i du cua tin hiéu diéu khién. Diém khac biét quan trong nhat la
GTO c6 chdt emitter hep bao quanh béi dién cuc gate va khong doan mach cathode.
Khi dan dic tinh cia GTO tuong tu thyristor, dong cac 15 hong phéan cyc thuan tir gate két ndi 16p lién két p —
cathode, lam phat xa dién tir tir cathode. Cac dién tir nay chay dén anode va tao ra 18 héng boi phat xa anode. Su
dich chuyén cua cac 16 hong va dién tr vao vung base cho dén khi hiéu g khuéch tan 1am cho GTO dan.
- CAu triic cia GTO gbm 4 16p tiép xuc n-p- n-p. Vi ba cuc Anode (A), Cathode (K), va Gate
(G), trong d6 cyc Anode va Cathode duoc cau tao boi nhiéu phan tir cong nghé nhu nhitng

thyristor mic song song, nhd d6 tao kha nang ngit tir cuc diéu khién.

C

TURN-ON

Electaong

Halas

L |
_

Halkas [ ]

[ Elachrons

fn" fb:
Tuy nhién GTO dugc dong dan rdt nhanh va c6 thé chiu dugc ting dong cao (di/dt).
Pé ngit GTO, cyc gate phan cuc nguoc ddng thoi tac dong 1én cathode, dién tich 16 hdng tir anode tach khoi 16p p.
Két qua 1a dién ap roi tang trong vung p, va cudi cting 1am phan cuc nguoc tiép xuc gate-cathode va ngit sy dich
chuyen cua dién tir. Do dién tich 15 héng tiép tuc bi tach ra nén 16p p tr¢ thanh ving ngheo, béng cach do6 ép trang
thai dan. Dong anode sau do6 chay qua ving xa voi cong gate, tao dong dién mat do cao. Déy 1a giai doan quyét dinh
cua qua trinh ngat GTO, do soi mat do cao lam tang nhiét, gay ra hu linh kién néu khong dap t4t nhanh soi nay. Ung
dung dong dién am gia tri 16n & cong gate c6 thé dép tit sgi nay nhanh. Tuy nhién dién ap danh thing GTO lam han
ché phuong phép nay. o
18. Ky hiéu va so’ do két noi
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?Anode
Aniode A A n p
7 Anode (A)
P
r pop
n L .
Gate G o P P a opn
N n Turn-on Gate (G)
Turn-off
Ce - o /' Cathode (K)
C Cathode
SITH vG
A K

VS ‘
o
- 0 t T ¢
(b) GTO/MTO/ETO/IGCT/MCT/SITH switch (For MCT, the polarity of V; is reversed as shown)

19. Dic tinh Volt-Amper GTO: Dic tinh V-A caa GTO tuwong tu dic tinh cua SCR. O trang
thai dong GTO duoc dic trung boi cac thong sb

- bién ap ngudong U

- bién tré thuan.

20. DPic tinh dong cia GTO:
a. Qua trinh dong bao gém thoi gian tré dong va thoi gian tang dong, ma trong thoi gian do
dién ap trén GTO giam dén gia tri 10% so véi gia tri ban dau. Tong hai khoang thoi gian trén goi
la thoi gian dong. Dé giam thoi gian dong va giam ton hao khi déng thi dong diéu khién (trén
cuc diéu khién) ¢ thot diém dau can phai c6 toc do thay dbi 16n di/dt>5A/mks.
b. Qua trinh ngit GTO x4y ra kha chim va bao gdm hai giai doan. Giai doan 1 dong qua GTO
giam dén 10-20% gia tri dong ban dau. Giai doan hai dong dién giam kha cham, thoi gian kéo
dai qua trinh nay 16n hon kha nhiéu so véi thoi gian cta giai doan 1. Dong trén cuc diéu khién
phai ¢ gia tri am va phai c6 bién do kha 16n va gia toc phai dat gia tri di/dt>20A/mks. Ddi voi
GTO hién tai bién d6 dong ngat c6 gia tri bang 30% bién d6 dong anode. Dé giam ton hao khi
dong ngit va bao vé GTO ngudi ta ciing thuong st dung mach snubber.
21. Cac théng sb va tinh chét co ban
- GTO c6 kha ning diéu khién ngit bang dong céng Gate gi4 tri am. Vi vdy, GTO thich hop
cho mét s6 img dung khi yéu cau diéu khién ca hai qua trinh dong va ngat khoa ban dan.
- DPinh mirc GTO : dong vai kA , ap vai kA :
- Dung cho mach cong suét rat 16n.
22. Cic trang thai déng ngit

GTO c6 3 trang thai:

- Trang thai ngét khi dién ap trén cuc anode am so vdi cuc cathode.

- Trang thai ngat khi dién ap trén cuc anode duong so voi cuc cathode.

- Trang thai dan.
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6. TRIAC - TRIOD ALTERNATIVE CURRENT

23. Chutao va nguyén ly hoat dong: o N
- TRIAC duogc cau tao bdi hai Thyristor mac doi song. Do d6 linh ki¢n dan di¢n ¢ ca hai ntra
chu ky.

24. Ky hiéu va so d6 két ndi

N I MT,
yz§_a a P
" [ur,

25. Dic tinh Volt-Amper TRIAC .
- bac tinh Volt-Amper cua TRIAC v& theo chi€u quy udce cua cuc T1.
- Ddc tinh Volt-Amper cua TRIAC ¢6 tinh d6i xting

+1

On-state

Quadrant IT

Quadrant I (MT; +v,)

Triggered,
Ig

0 | M
Off-state
Triggered,

O Quadrant Il (MT, ~ v,)
On-state

Quadrant IV

(c) v-i characteristics

26. Cic thong sb va tinh chét co ban TRIAC

- Khai niém Anode va Cathode khong c6 y nghia ddi voi TRIAC, ta danh s6 T1 1a cuc gan
cuc diéu khién G.

- TRIAC chi bi khoa khi 7/, =0 va dién ap dat nhé hon ap ngudng.

- Uu diém co ban ctua TRIAC la mach diéu khién don gian. Nhung cong suit giéi han khong
cao va nhé hon Thyristor.

- TRIAC tu bao vé chdng lai qué dién 4p theo ca hai chiéu.
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