DHBK Tp HCM-Khoa B-BT
BMDT

GVPT: Hb Trung M§

M6n hoc: Dung cu ban dan

Chuong 5

BJT

5.10 Thyristor va cac dung cu
liEn quan
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Gidi thiéu
« Thyristor 1a 1 dung cu céng suét quan trong ma duoc thiét
ké dé xtr ly dién ap cao va dong dién |6n. Thyristor dwoc
st dung chinh cho cac rng dung chuyén mach ma can
dung cu ddi tir trang thai tat hay chén sang trang thai mé
hay dan, hodc nguorc lai. Co ché chuyén mach trong
thyristor khac véi BJIT.

« Do c4u tric cta dung cu thyristor cé dai tri s6 1am viéc clta
dong va ap réng hon nhiéu so véi BJT. Hién nay c6 cac
thyristor c6 dinh mdrc dong dién tr vai mA dén hon 5000A
va dinh mdrc dién ap trén 10KV.

« Thyristor 1a dung cu 3 cwc va co 4 I1op ban dan, tén thwong
mai cla thyristor la SCR (Silicon Controlled Rectifier) do
hang GE dat.

Céc ky hiéu so d& mach cda Thyristor

Tén dung cu Ky hiéu
Silicon Controlled G
Rectifier (SCR) Ao >./o o K

Triac MT2 O—H:‘&" MT1
G

Thyristor Surge Protective |
Devices & Sidac MT1 © m © MT2

Programmable Unijunction G
Transistor (PUT) Ao—o\@—o K
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5.10.1 Pac tinh co ban

Hinh ké (a) cho thdy mat cat ngang cla cAu tric thyristor, nd
la dung cu 4 1&p p-n-p-n v&i 3 chuyén tiép méc ndi tiép: J1,
J2, va J3. bién cuec tiép xdc véi Iép p bén ngoai 1a dwoc goi
la anode(A) va vai Iép n bén ngoai duwgc goi la cathode(K).
CAu trc nay (khdng co6 thém dién cwe ndo) la dung cu 2 cuc
va dwoc goi la diode p-n-p-n. Néu cé thém dién cuc, dwoc
goi la dién cuc cong G (gate), dwoc ndi vao Iép p bén trong
(p2), két qua la ta c6 dung cu 3 cuwc 1a SCR (semiconductor
controlled rectifier) hay thyristor.

Hinh ké (b) cho thdy ndng dé tap chat tai cac I&p cla SCR,
hinh(c) cho thay gian dd nang lwong ctiia SCR & diéu kién
can bang. Chu y la méi chuyén tiép c6 mién nghéo voi dién
thé ndi duwoc xac dinh b&i cac ndng do tap chat pha trong
SCR.

b) Néng d6 tap chét tai
cac l&ép cla SCR

¢) Gian dd nang lwong

Diode 4 |&p p-n-p-n

J1 2 B
a) CAu tric cta 4 | K
diode 4 Iop p-n-p-n (Anode) n " P21 Cathode)

(a)

1020 -

lOlB

10 16

10[4
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Pac tuyén dong-ap cta diode p-n-p-n

ol Forward

conducting
(Dén thuan)

| r
(4)~ '\__- (0)[V \ Ver Vax
Reverse Forward
blocking blocking
(Chan nguworc) (Chan thuan)
(5)—~+

Dac tuyén dong-ap cua diode p-n-p-n (..)

C6 5 mién trong dac tuyén I-V:

 0-1: Dung cu & trang thai tat (off) hay chan thuan va co téng tr&
tht cao. Chuyén trang thai (hay chuyén mach) xay ra & chd dv/dl
= 0; va & diém 1 ta dinh nghia dién ap Vg (hay Ve5-FB=forward-
breakover ), va dong chuyén mach I.

« 1-2: Dung cu & trong mién dién tré am, nghia la khi dong tang
thi ap giam.

« 2-3: Dung cu & trang thai d4n (on) hay dan thuan va co téng tré
thap. & diém 2, v&i dv/dl = 0, ta dinh nghia dong gitr (holding
current) I, (hay 1) va dién ap gitr V,, (hay V).

» 0-4: Dung cu & trang thai chan ngworc.

* 4-5: Dung cu & mién danh thdng nguwoc.
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Biéu dién SCR bang 2 BJT

Nhuw vay diode p-n-p-n lam viéc & mién thuan la dung cu luéng 6n
(bistable device) ma c6 thé chuyén tir trang thai tét (off) dong thap,
téng tré cao sang trang thai dan (on) dong cao, tbng tré thap, hoac
nguoec lai.

Dé hidu dic tinh chan thuan, ta xét dung cu nhw 2 BJT ndi theo
cach sau:

| pl nl 2 | (o)
A P P
L
IBI'=IC21 1101=132 T-
I
—
(o) nl p2 n2 —k)

c B E

Dong nén ctia BJT PNP (BJT 1 ¢6 o=a.,)
Iy = I = Iy

(1 T al)IEI v I]

. = (].—0:1)1 = 11,

VGi |, 1a dong i |go cia BJT 1.
Dong thu cta BJT NPN (BJT 2 ¢6 a=a.,)

Ic2 = G"QI,EQ + 12 = 0521 + If’.’

V@i |, 1a dong ri | g cia BJT 2.
Vi lg, = l,, ta suy ra duoc

I, + I,

£ l—(a1+a2)

10
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EXAMPLE 5

Consider a thyristor in which the leakage currents f, and I, are 0.4 and .0.6 mA, respectively. Explain
the forward-blocking characteristics when (o + o) is 0.01 and 0.9999.

SOLUTION The current gains are functions of the current I and generally increase with increas-
ing current. At low currents both & and o are much less than 1, and we have

-3 -3

I= 04x10™ +0.6x10™ _ 101 mA

1-001 :
In this case, the current flowing through the device is the sum of the leakage currents I, and I,
(=1 mA).
As the applied voltage increases, the current I also increases, as do & and o, This in turn
causes I to increase further—a regenerative behavior. When o + o, = 0.9999,

-3 -3
7= 04x107+0.6x10 - 104 .
1-0.9999
This value is 10,000 times larger than I, + I,. Therefore, as (o + o) approaches 1, the current I
increases without limit, that is, the device is at forward breakover. -

11
Bé rdng mién nghéo va sut ap trén thyristor
& cac diém lam viéc khac nhau
1
L g
.-.- 0 T
(2) Can bang ;
OL"—V
ol f\
{2y 0 v
I
%
12

(d) Dan nguoc
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Cau tao cla SCR

(a) C4u tao clia SCR 3 cuc planar

; 1 BB
A K
— —
A/ pl nl p2 | n2 —°K
I,
G 13
(b) Mat cat ngang 1 chiéu cta SCR planar

Two-Transistor Model of Thyristors

Collector-base junction
leakage Clg:[‘ellt
"

! c = %—i— Iepo
P 1

Collector Collector Emitter
current  Emitter  current

current gain

Q, Iy =ad + 1z

Kk
Q,—l1,, = el + Iy, Basic Structure

Equivalent Circuit

I, =1+ 1y =onl j+ gy + 0l + 150,

— a2IG +]CBOI & ICBOE

1—(ey + )

0

A

Dr. Adel Gastli Power Electronics: Power Semiconductor Devices
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Current Gain with Emitter Current

aTwhenl, T

If I, is suddenly increased.
the anode current /7, will
immediately increase.

a,,a’z'T ™M . - | | [

107! 1

T

a,+o, >1=>1-(ag+a,) >0

= Ip(mA)

Dr Adel Gastli Power Electronics: Power Semiconductor Devices

15

Anh hwéng clia dong cong I

Khi dong céng I tang thi dién ap chuyén Vg giam

16
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TD: Ung dung SCR dé diéu khién
cbng suat ra tai

(a) (b)

17

Hinh dang thuc té cta Thyristor

18
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(¢) SCR stays on after trigger pulse

(a) SCR off (b) SCR triggered on

19

Characteristics of thyristors

Forward breakdown voltage 77,
The voltage of avalanche breakdown

Latching current /,
The minimum anode current required to maintain the thyristor in the

on-state immediately after it is turned on and the gate signal has been

removed
Holding current [,
P o ks Forward volt-drop
The minimum anode current to . (conducting)
wigprmes

maintain the thyristor
in the on-state

I, =1,

breakdown  ppotding
voltage i
L current |, ]
P |

/ i\"'" )
/

W Forward
Rewe ree kakage
leakage current

current

20
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Ways to turn-on thyristors

Thermals

Thermal ionization increasing leakage currents
Light

Photo-ionization increasing leakage currents
High voltage

Voltage V- higher than V5,
dv/dt

Too high rising rate of ¥,
Gate current

Normal operation

21

Considerations on gating signals

The gate signal should be removed i
after the thyristor 1s turned on = " !
To prevent power loss in gate junction i

Even if the thyristor is reverse biased, N l
there should be no gate signal = ;
To prevent increased leakage current o
failure

The width of gate pulse 7, should be
longer than the time required for the
anode current to rise to the holding
current 7,

22
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Thyristor turn-off characteristics

A thyristor can be turned off by reducmg the forward current to a
level below the holding current 7,

A reverse voltage across the thyristor will accelerate the turn-off
process
Similar to a diode, there 1s reverse recovery tume /. for a thyristor

Reverse recovered charge Qg 1s the amount of charge that has to be
recovered during the turn-off process

The inner pn-junction J, requires a recombination tume 7 to
recombine the excess carriers

A negative reverse voltage would reduce the recombination time

The turn-off time fq 1s the sum of 7, and ., and is the minimumn
time mterval required for a thyristor to withstand forward voltage

23

Thyristor Turn Off

i, < I, |mm Thyristor turns off

U If anode current is maintained below the holding
current during a sufficient long time for all excess
carriers in the four layers to be swept out or
recombined, then the thyristor turns off completely.

d There are two main types of techniques to turn off a
thyristor:
+ Line commutation
++ Forced commutation

24
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Thyristor Turn-Off: Line-Commutated Thyristor Circuit

= wi

= ol

+0

‘+"',-u{_| )

v

PVAK

R, O

(a) Line-commutated thyristor circuit

wt

25

Thyristor Turn-Off: Forced-Commutated Thyristor Circuit

Turn-off time tq: minimum value
of time interval between the
instant when the onstate current
has decreased to zero and the
instant when the thyristor is
capable of withstanding forward
voltage without turning on again.

iy~

L]

+0

V,

I

v

0

m _KE_E ]m
1
0 I ¢ t
t

| Leakage
I current
+V;

Ly |_§L\, Recombination time (J,)
-~ l:':t J -
1 Turn-off time

Reverse recovery time (J, & J3)

{b) Forced-commutated thyristor circuit

26
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The SCR can be turned on at its gate terminal.
) A"
With a dc Load Anode
source, the
SCR stays _—
on after T
e J-l_ Cathode
it is gated. Gate
g8
- >
(&)
Gate pulse T Time
occurs here 2
_ VAVAY)
With an ac Load Anode

source, the
SCR turns C’\)
off at the J_l_ Cathode

zero-crossing. Gate

Load
current

Gate pulse Time
occurs here

Turns off here

28
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The gate can
be pulsed for
each positive
alternation.

Load
current

A'A'

Load Anode
) )
N Cathode
Gate

L

Time
29
VV\—
The average Load Anode
load current
can be (’\D
decreased
) Jnn n Cathode
by gating Gate
the SCR later.

Load
current

L

Time

30
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.... and later.

A'A'

Load Anode
) )
N Cathode
Gate

L

o o
o
o
Time
31
AAYA
.... 0or, not Load Anode
at all.
™
Cathode
Gate

Load
o current

No gate pulses: I, .4 =0

Time

32
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Major Kinds of Thyristors

MODE OF OPERATION

Normally off, but when a small current enters its gate (G), it turns on.
Even when the gate current is removed, the SCR remains on.To turn it
off, the anode-to-cathode current flow must be removed, or the anode
must be set to a more negative voltage than the cathode. Current flows
in only one direction, from anode (A) to cathode (C).

TYPE SYMBOL
Silicon-controlled G
rectifier (SCR)
A [
G
Silicon-controlled
switch (SCS) X c

Similar to an SCR, but it can be made to turn off by applying a positive
voltage pulse to a four-lead, called the anode gate. This device also can
be made to trigger on when a negative voltage is applied to the anode-
gate lead. Current flows in one direction, from anode (A) to cathode (C).

Triac

Similar to a SCR, but it can switch in both directions, meaning it can
switch ac as well as dc currents.A triac remains on only when the gate
is receiving current, and it turns off when the gate current is removed.
Current flows in both directions, through MT1 and MT2.

Four-layer diode

It has only two leads.\When placed between two points in a circuit, it acts
as a voltage-sensitive switch.As long as the voltage difference across its
leads is below a specific breakdown voltage, it remains off. However,
when the voltage difference exceeds the breakdown point, it turns on.
Conducts in one direction, from anode (A) to cathode (C).

®

Similar to the four-layer diode but can conduct in both directions.
Designed to switch either ac or dc.

33

BASIC LATCHING SWITCH

V.
S,
normally
S, closed
normally —‘
open
load
L

Cac ng dung co ban cua SCR

Here, an SCR is used to construct a simple
latching circuit. S, is a momentary contact, nor-
mally open pushbutton switch, while S; is a
momentary contact, normally closed pushbut-
ton switch. When S, is pushed in and released,
a small pulse of current enters the gate of the
SCR, thus turning it on. Current will then flow
through the load. The load will continue to
receive current until the moment S; is pushed,
at which time the SCR turns off. The gate resis-
tor acts to set the SCR's triggering voltage/cur-
rent. We'll take a closer look at the triggering
specifications in a second.

34
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ADJUSTABLE RECTIFIER

source

AEVANA
voU Y

\ T r \ T \ Vi setby R,

Here, an SCR is used to rectify a sinusoidal signal that is to be used to power a load. When a sinu-
soidal waveform is applied to the gate, the SCR turns on when the anode and gate receive the pos-
itive going portion of the waveform (provided the triggering voltage is exceeded). Once the SCR
is on, the waveform passes through the anode and cathode, powering the load in the process.
During the negative going portion of the waveform, the SCR acts like a reverse-biased diode; the
SCR turns off. Increasing R has the effect of lowering the current/voltage supplied to the SCR’s
gate. This in turn causes a lag in anode-to-cathode conduction time. As a result, the fraction of the
cycle over which the device conducts can be controlled (see graph), which means that the average
power dissipated by Ry,.q can be adjusted. The advantage of using an SCR over a simple series
variable resistor to control current flow is that essentially no power is lost to resistive heating.

35

DC MOTOR SPEED CONTROLLER

+10V +3 to 6V

de motor

An SCR along with a few resistors, a capacitor,
and a UJT can be connected together to make a
variable-speed control circuit used to run a dc
motor. The UJT, the capacitor, and the resistors
make up an oscillator that supplies an ac volt-
age to the SCR’s gate. When the voltage at the
gate exceeds the SCR’s triggering voltage, the
SCR turns on, thus allowing current to flow
through the motor. Changing the resistance of
R, changes the frequency of the oscillator and
hence determines the number of times the
SCR’s gate is triggered over time, which in turn
controls the speed of the motor. (The motor
appears to turn continuously, even though it is
receiving a series of on/off pulses. The number
of on cycles averaged over time determines the
speed of the motor.) Using such a circuit over a
simple series variable resistor to control the
speed of the motor wastes less energy.

36

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

18


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

