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||| Chuwong 3

I TRANSISTOR LUONG CUC (Bipolar Junction Transistor-BJT)

3.1 Giéi thiéu
BJT 1a mét loai linh kién ban dan 3 cuwc c6 kha r)éng khuéch dai tin
hiéu hoac hoat dong nhw moét khéa dong mé, rat théng dung trong
nganh dién tcr.

C4u tao va hinh dang
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E C 5>
— n+ n — )
1|

E: Emitter
C: Collector
B: Base B CE

Hinh dang BJT

I Ky hiéu ciia BJT

E c E C ¢
n+ n — B
B B E

BJT loai NPN

C
E C B
B IB E

BJT loai PNP 2




|I 3. 2 Ché d6 lam viéc cua BJT

Tuy theo céach phan cwc cho transistor ma transistor sé cé cac ché
do 1am viéc khac nhau. Transistor c6 3 ché dd lam viéc co ban:

Ché dé khuéch dai: J phan cuc thuan va J; phan cuc nguoc.

- Jg: tiép xdc PN gitra cyc phéat (E) va cwc nén (B).

- Jo: tiép xtc PN gitra cwe thu (C) va cwe nén (B).
Ché dé khéa (hay dong mé): ca 2 chuyén tiép Jg va J, déu dwoc
phéan cuwc nguoc.
Ché dé dan bao hoa: ca 2 chuyén tiép Jgz va J; déu dwoc phan
cwc thuan.

I * Ché a6 khuéch dai
Qui wéc vé dong trong BJT

/\ IC IEﬁ IC

== ==

Theo dinh luat Kirchhoff:
IE — IC + IB

Ie=1c (INJ) T Icso

lC(INJ)

Dinh nghia théng s6 az: .= | sle=alg +lggo
E

; I

Vi lgo rat nhé, co thé bé qua : o, ~ Ii

E 4
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.I Vidu

Dong cuc phat clia mot transistor NPN 12 8.4 mA . Néu hat dan bj tai
hop trong mién nén va dong ro & 0.8%. Tim:

a. Dong base Ig.
b. Dong collector I.
c. Giatri chinh xac ctia o va gia tri xap xi ctia o khi bd qua dong ro.

Huwéng din
a. IB = 0.8 % IE
b- IC = IE - IB

¢ Icany =Ic—Ipo=> 0 =Icany /I
Néu bé qua Igy: o= I/ Ig

.I 3.3 Ba so’ do co’ ban cua BJT

3.3.1 Mach B chung (Common Base — CB)

Cwc B la cyc chung cho mach vao va ra.

- Dong dién ngd vao la dong Ig.

- Dong ngd ra la dong . I, E c
- bién ap ngb vao la Vig. — e\

-biénapngdrala Vgg. kéé)

Mach CB don gian hoa
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I 3.3.2 Mach E chung (Common Emitter — CE)

Cuwc E la cwc chung cho mach vao va ra.
- Dong dién ngd vao la dong .
- Dong ngd ra la dong .

- DBién ap ngd vao la Vgg.

- bién ap ngd ra 1a V.

Mach CE don gian hoa

I 3.3.3 Mach C chung (Common Colletor — CC)

Cwc C la cye chung cho mach vao va ra.

- Dong dién ngd vao la dong .

- Dong ngd ra la dong Ig. I,
- bién 4p ngb vao l1a Vgg. —_—
-bién dp ngd ra la Vgc.

Iy

I |

Mach CC don gian hoa

19-Feb-11



19-Feb-11

I 3.4 bac tuyén Von - Ampe

Do thi dién ta cac méi twong quan gitra dong dién va dién 4p trén
BJT dwoc goi la ddc tuyén Vén-Ampe (hay déc tuyén tinh).

Nguwoi ta thuweng phan biét thanh 4 loai dac tuyén:

Dac tuyén vao: néu quan hé gira dong dién va dién ap & ngd vao.
Dac tuyén ra: quan hé gitra dong va ap & ngo ra.

Dac tuyén truyén dat dong dién: néu sy phu thudc ctia dong dién
ra theo dong dién vao.

Ddc tuyén hoi tiép dién ap: néu sy bién dbi ctia dién ap ngd vao
khi dién ap ngd ra thay doi.

I 3.4.1 Bac tinh B chung
3.4.1.a Ho dic tuyén ngé vao B chung: |E = f(V )‘

BE Vg =const

T Ay
i 3

2 VaE -
g iiikvolts)
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Vidu

(Cho mach BJT nhw hinh bén, c6 ddc kN
tuyén ngd vao nhw khao sat: 1 E c

Khi Vo= 25 V thi I = 8.94mA.

0.7V ¥ Ve
1. Tim o ctia BJT khi bo qua lego. 'l'
2. Lap lai néu I = 1.987 mA khi ngén

\ mach Vgc. l /

Huwoéng dén

Khi bo qua Iggo: o = I¢/lg.
Tim Iz dwa vao dac tuyén:

IE = f(VBE )|

= Xé&c dinh gi4 tri Vg va Vg trén mach cu thé

Vg =const

= Ig (Vgg = 0.7V; Vg = 25V) va Ig (Vg = 0.7V; Vgg = OV)

1"
e B J:_:'_ - F e iy DI F e ~ Vi -
2 11:0020,1.02: 03704709 06161708 L1 HKVolts)
Vge=0.7V Vge=0.7V 12
Ves=OV V=25V




1.0z Io/lg = 8,94 MA/ 9 mA = 0,9933

2.a= lg/lg = 1,987 mA/ 2 mA = 0,9935

3.4.1.b Bac tuyén ngé ra B chung: lc = f(Veg )‘I t
£ =Cons

- In

Dac tuyén ngd ra cua transistor NPN.
Lwu y la thang &eng v&i Vg &m d& duwoc mé rong.

I Ml
3
Byl i 47| VM
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il Vida
i ~

(Dua vao cac ho dac tuyén ngd _ +
vao va ngd ra cua mach CB
da khao sat, va voi so do 4
mach nhw hinh sau: 07V ;, Voo
Tim dong cuc thu khi Vg = 10V .I-
va Vge = 0.7V. T
Huwong din

Ta cé: IC = f(VCB )|IE=const

Ma: —
lE - f(VBE )|VCB=const
Tl dac tuyén ngd vao, trén duwong Vg = 10V tai diém ¢6 Vg = 0.7V = |g=4mA
T dac tuyén ngé ra, trén duong Iz = 4mA, tai diém c6 Vg = 10V 5
= 1c=3.85mA.

LT Ve
0.7V 0:8 Z:iikvolts)

00,1 02:0:3: 0470506
Ho dac tuyén ngd vao CB

16
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Dac tuyén ngd ra cua transistor NPN.

il 3.4.1.c Danh thing BJT

O

Do chuyén tiép J; dwoc phan cuc ngwoc nén co thé xay ra danh
thang néu dién 4p phan cwec nguoc da lon.

Dic tuyén ngd ra CB bao gém vung danh thiang
18




'Ill 3.4.2 Bic tinh E chung
3.4.2.a Dong logo va S

w-— Iceo ICEO —m
Vee Vee
open open
. No X o XL
(a) NPN (b) PNP
Ta C(): Ic =0 IE + ICB(): o IE = Ic - ICBO
(|3hia I2 vé cho a, ta co:
. | al [
£—@=|E :ﬁ——CBoleHC :>|C:—B + -CBO_
o o o o | 1-a 1-a
Khi Vge hé mach, tacé: | =l = 1030
o lopo ™ &
pat: B=—— =, =Bl +-BC =PI, +I
1—o c =Bls 1-o Bl +lceo
Vilggo laratnhe: I =Blg  (xem I =0) 19

'—('i __E:_.l...?;_'l"_:_'.i_.;__.‘ _, :r- il
£10:1:02°03:0.4 05 060708 " ! (volis)
20

Déc tuyén ngé vao CE.
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3.4.2.b Bac tuyén ngé ra E chung: Ic =f (VCE )‘ |

g =const

fe (tmA)Y - N
A vung bao hoa

lg =70 uA

Ig =60 uA

vung ddnh thing

< 21
Pac tuyen ngo ra CE

Vidu

Mot BJT c¢6 dic tuyén ngd ra CE nhw vira khao sat.

1. Tim dé thay déi cta B khi V¢ thay déi tir 2.5V dén 10V véi I 1a
40pA.

2. Tim do thay déi cua B khi I thay déi tir 10 pA dén 50pA khi Ve la
7.5V.

Huwoéng din
1. Do thay déi B:
B10V - Bz.sv x100%

2.5V

lc =Bls
V&i I = 40pA, I (Ve = 2.5V) va I (Vo = 10V) dworc xac dinh tir
dac tuyén ngé ra, trén dwong | = 40pA.
2. Puoc tinh twong tw, véi I dwee xac dinh tir dic tuyén ngd
ra tai Vo = 7.5V, trén 2 dwéng I = 10pA va Ig = 50pA
22
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fe tmA) _ N
A vung bdao hoa

Ig =70 uA

vung danh thing

e

0.8mA 1 fum ' I ‘a=10uA /
H = I,
ol I B30 5 Ve
Vee=2.5Vy 7 5Vce=10V N2 e

vung cit

Dic tuyén ngo ra CE 23

II Vidu

1. Byov= 3,8 MA /40 pA = 95

Basv=4,2mMA/ 40 pA =105

MX100%=“’59_;95><100%=10,53%

2.5V

2. Bioua=0,8 MA/ 10 pA = 80

Bsoua = 5,2 MA / 50 pA = 104

Prown=Prown 1009 = 194780 1600 = 30%
» 80

24
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3.4.3 Bac tinh C chung

3.4.3.a Ho dic tuyén ngé vao C chung: |B = f(V

cB )‘VCE =const

e e et ]
o D R EL (e A LR P

Dac tuyén ngé vao CC.

.|| 3.4.3.b Ho dic tuyén ngé ra C chung: IE =

f(Veg)

I3 =const

Ie (mA)
a4 vung bdo hoa
Pl Ig =70 uA
2L Ig = 60 uA
6+
L] & [——
v\ lg =40 uA
4t : vung danh thing
1 Ve L oA e
3 i ptchcuc '8 -
R /__—_. a Ig =20 A j
: dé : Ig =10 A /
- ' Ig=0 lceo -3 )
0 H + L Vee
5 10 s, 20 1 BV
ving cit
< £ ~ 26
Dac tuyen ngoé ra CC
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IlI 3.5 Phan cwc cho BJT
3.5.1 Mach phén cwc B chung

- -

@NPN = (b)PNP =
Phwong trinh dwéng tai tinh: biéu dién méi quan hé gitra dién
ap va dong dién & ngo ra.

Al (mA)
'Vcc+|cRc+V =0
1 cB § VCC\
jICZ_EVCB‘f‘RLCC RC

Diém phan cwc (lam viéc): Q(l,, Veg)
La giao cuia dwdng tai véi déc tuyén
ngod ra twong ng voi lg= const.

Voo ™~ VeghV)

Mét sé Iwu y

- Gid tri Vige 14 1 hdng s6 trong cac mach phéan cuc cho BJT.
Vae = 0.7V (Si) ; Vge = 0.3V (Ge)

- Céng thirc vé dong cé thé ding xép Xi khi tinh toan:
IE ~ IC + IB = IC

- P6i v&i cdc mach s dung BJT loai PNP cé thé dung céng thirc
cua BJT loai NPN béng cach ddo cwc cua dién 4p Vge va Vg
thanh Vg va V.

- C4c gié tri ngudn cung cép duoc tinh theo do Ién.

28
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Vidu

Cho mach khuéch dai dung BJT
nhw hinh bén:

. Viét phuong trinh va vé 6V 3
dwdng tai.

. Xé&c dinh diém phan cuc Q.

Huwong dan
1. Viét phuong trinh va vé dwong tai.
1 Vv
=g =——— Vg + =6
Rec Rec

2. Xac dinh diém phan cyc Q: Q(l.,Ves) theo g
Ve +le X Re=Vee =0 = I =2 mA

Xem I = Iz = 2 mA thay vao phuwong trinh dwong ti = Vg = 12V
Diém Q(2mA, 12V)

29

I St dung dac tuyén
3 I N H i

L émAYy e I
.r:‘: B i =P
9k
: =RT
& t I
z
— L T 1 ” "
. : -
6~ 7
.:.ii L T ,g:
< ™Y T Tt T3
i : T }
3 = = ,
L ] T ] ! —: .
P ST
B T [ {
et e $ =
2mA = e o :
R S o 8 Y T -
- 4 1 i i 1
v —t i 1
R ! R >
- b 1 Fd
e By Rest Reza=a U SERMRY Tl b
LRSS S Tt t T TS T T b ]
12V 0
Pworng tai va ho dac tuyén ngo ra cua cau hinh CB.
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I 3.5.2 Mach phan cwc E chung
— 3

- -.J=-
(a) NPN (b) PNP
Phwong trinh dwong tai tinh:
-VCC+ICRC+VCE=0 <=>|C=—LVCE+VCC
RC I:{C
-VCC+IBRB+VBE=0 (:}IB:7VCC_VBE

Rs

lc=Bls

Diém phan cyc (Iam viéc): Q(l., V) 5
LA giao cta dwong tai véi dac tuyén ngd ra twong rng véi lg= const.

Vidu

Trong mach hinh bén, BJT loai Si cé B = 100:

a. Gia st BJT co dac tuyén ngd ra nhu hinh vé, tim diém phan cuc
bang cach dung do thi.

b. Tim diém phan cwc dwa vao mach dién.
c. Lap lai cau a va b khi Rg= 161.43KQ

376.67KQ = 2KQ

19-Feb-11
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Huwoéng din
. X A X . 25 4~ A N PN PR < A VCC_VCE
a. Viét va vé pt dwdng tai tinh trén cung do thi clia dac tuyén: |, = R
— C
Xac dinh gia tri cia I dé tim diém phan cuc Q1: I, = Voo = Vee _ 30puA

P e P —
| et e g | e b e

5 A—{-’

=B -- = :_;-_r..:——-'

I ROEP U T BN TS B T S
S PEUS OGRS DO S0 2 AN

POSSE IR WIS
e
sdagafi.
g

1 20 . : e
X = i . Nols) 33

b. Dwa vao mach dién, xac dinh gia tri Ig gibng cau a : Iz = 30 pA.

St dung: I = Blg = Ig = 3mA. Thay vao phwong trinh dwéng tai: Ve = 6 V.

c. Khi Rg thay ddi khong lam anh hwéng dén pt duwdng tai, nhwng Ig = 70 pA.
Ludc nay diém phan cuc Q2 sé la giao ctia dwong tai véi dwong lg = 70 pA.
Q2 (I gat = 5.7MA, Ve oot = 0.5V), BJT hoat ddng & vung béo hoa.

34

19-Feb-11

17



19-Feb-11

I 3.5.3 Mach phéan cwc C chung

+ Veo - Veo

(a) NPN = (b) PNP
Phwong trinh dwong tai tinh:
1 \Y
-VCC+VCE+IERE=0 <:>IE:_7VCE+£
RE RE

Véi: lg=lg+lg=(B+1) g

- VCC + IBRB+ VBE + IERE = 0

Diém phan cyc (Iam viéc): Q(l., V) o

I 3.6 Thiét ké mach phan cwc

Viéc thiét ké duwoc tinh toan trén cac gia tri ngudn cung cép la cé dinh.

Tl yéu ciu vé diém lam viéc ta phai xac dinh cac gia tri dién tré trén
mach.

Vi trén thuc té cac dién tré sé dwoc chon theo gia tri chuén, do d6 khi
chon phai pht hop véi sai sé cho phép.

Vidu

mc}t mach phan cwc B chung dwoc thiét ké dung transistor NPN siliccm
Céc ngudn phan cuc c6 gia tri +15V va -5V . Diém phan cuc 1a I = 1.5mA
v Vg = 7.5V.
1. Thiét k& mach dung céc dién tr& chuan dung sai 5%.

2. Gia tri phan cuwc that sy khi dung cac cac dién tré chuan la bao nhiéu?

Q Tim gi&i han ca I va Vg khi tinh ¢ sai sb trén dién tré. J

o0

18
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'Ill Huwoéng din
1. So d6 mach phan cuc CB: Re Re
Vong (I): - Veg + Vge + le Re = 0 -1 R = - Ip
v, VHE ‘j’}fﬂ v
vong (II): = Vg + Ig Rg + Vg = 0 HT ®+- I T“
= R = 2867 Q ; R; = 5000 Q B
@NPN =
V&i sai s6 5%, c6 thé chon:
Rg = 3KQ ; Rc = 5.1KQ Mt 56 gid tri R chuin
2. Vé’i,céc R dé} chon, thay vao 10, 12, 15, 18,
cac biéu thirc dé tinh lai cac gia 22,27,
tri cGa diém phan cuec. 33, 39,
N > N 43,47
3. Tim gi&i han cua Ig va Vg: >
gon e s _ 51, 56,
vy ~ pv—
R gi¢i han = R chuan = 5% * R chuan 68,75, 82, 91.
Thay vao céac biéu thirc dé tim gigi han cia Iz va Veg. 37

. I Vi du cho thiét ké phdn cuc E chung

Mét transistor silicon NPN ¢6 B t6i wu la 100, dwoc st dung trong mach
phan cuc CE véi Vg = 12V. Diém phan cuc 13 I = 2mA va Vg = 6V.

1. Thiét k& mach duing céc dién tré chuan 5%.

2. Tim gi6i han c6 thé c6 cta didm phan cuc néu B cla transistor thay ddi
tlr 50 dén 150 (M6t gidi han thudng gap trong thuc té). Gia str la cac dién
tré co gia tri tbi wu.

Huwong din

1.-Vee +IcRg+ Ve =0
-Veo+IgRg+ Vge =0
lc=B lg; Vge = 0.7V

Ry

= R = 565KQ ; R¢ = 3KQ chon 560 KQ va 3KQ

2. Tinh lai I theo su thay déi ctia B, (rng v&i Rg

~ e L ez A NPN -
da chon. Tir d6 tim gi&i han cda diém phan cuc. .

19



I Vi du cho thiét ké phdn cuc C chung

Mot transistor silicon NPN cé f =100, dwgc st dung trong c4u hinh CC
VGi Ve = 24V. Diém phan cuc 1a | = 4mAva Ve = 16V.

1. Thiét ké mach dung céc dién tré chuan 5%.

2. Tim diém phan cyc that sw khi cac dién tr& chudn 5% dwoc st dung,
gia st 1a chiing c6 céc gid tri tdi wu.

Huwong din +Vee
1.-Vee+ Vee+ IERE=0
- Vee + IgRg+ Ve + IR =0 ,ﬂJ $
Véi: lIg=lc+lg=P+1)Ig Vier

= R = 2KQ ; Rg = 386.325Q chon 2 KQ va 390Q

2. V6i cac R da chon, thay vao cac biéu thirc dé
tinh lai diém phan cwc. (@) NPN 30

I 3.7 BJT Inverter

BJT dwoc irng dung nhw mét chire nang dao trang thai.
- Khi dién ap & ngd vao la 5V: Rg va Rg
duoc thiét ké sao cho BJT hoat déng &
ché d6 bao hoa.

+ Khi d6 Ve = 0 (khoang 0.1V) duwoc
goi la Vge gu(saturation), twong ong:

IC = IC = VCC L5V . .
sat lﬂle
Re ovd Lo
IB _ |C sat — VHI - VBE Vo _ VCE
B R
- Khi dién 4p & ngd vao la OV: BJT- 1 !
khong dan = Ve = + 5V.
Két luan:
Vin=5V=Vout=0V.
Vin=0V=Vout=5V. } Inverter 40
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3.8 Cong tac transistor

Mét mach Inverter dung transistor dwoc xem 1a mét cong tac dwoc diéu
khién b&i dién ap & ngd vao.

Puwoc goi 1a cong tic transistor.
Yeo

Ycc
Re 1 Vec/Re

Rc chc’Rc
| 7.
cc } ov

o

v

I

(=]

transistor bao hoa cong tic ON (déng)

¥ fle—

Veo

Jree =
L ) l

transistor tit

Rc

tic OFF (md) 41
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