DPHQG Tp HCM - DHBK

Khoa Dién-DT-B0 moén Pién Tu

Mo6n hoc: Dung cu ban dan

GVPT: H6 Trung My

1. V6i cac trudng hop sau BJT hoat dong & mién nao?

a) NPN: VBE =0.8 V, VCE =04V
b) NPN: Vep=14V, V=21V
c) NPN: Vgg=—-12V, V=06V

DS.

(}hu’g’ng 5
_Bai tap giai san vé BJT-AY1112-S1
(Gia str cac BJT Si ¢6 dién ap d€ Jg dan 1a 0.7V, c6 dién ap bao hoa[NPN]: Vae=0.8V va Vg =0.2V)

Qui tic chung dé giai loai bai toan nay nhu sau:
1) Vi BJT NPN, ta xét phan cuc thuan/nguoc cua Jg va Jc theo:

d) PNP:
¢) PNP:
f) PNP:

VCB =0.9 V, VCE =04V
VEB =0.6 V, VCE =04V
VBCZ 0.6 V, VEC: 1.3V

Je: Ve =Ve—=VeE=Vac+ Vce = Vee—Ves = Vac—Vec
Jc: Vec=V—Vc=Vge+ Vec= Ve—Vce

>0 : phan cyc thuan
<0 : phan cyc ngugc

ii) Vi BJT PNP, ta xét phan cuc thuan/ngugc cua Jg va Jc theo:

Je: Ve = VE= Ve = VectVes = Vec—Vac =Ves — Ver
Je: Ve =Ve=Ve = Veg + Veg= Viep—Vec

>0 : phan cyc thuan
<0 : phan cuc ngugc

Ap dung BJT NPN vao céc cdu a), b), va c), ta cd két qua sau:

Truwong hop Ve [V] JE Vec[V] Jc | Mién hoat djng
a) 0.8>0 thudn | 0.8-04=04> 0 | thuan Bao hoa
b) 21-14>0 thuidn -1.4<0 ngugc | Tich cyc thuan
c) -1.2<0 ngugc -0.6<0 nguoc Tat

Ap dung BIT PNP vao céac cdu d), e), va f), ta c6 két qua sau:

Truwong hop Vg [V] JE Ves [V] Jc | Mién hoat dong
d) 09-04>0 thudn 09> 0 thudn Bao hoa
e) 06 >0 thuan 06-04>0 thuan Bao hoa
f) 1.3-0.6>0 thuan -0.6<0 ngugc | Tich cyc thudn

2. Hay tim Iz, Vg va Vpe cua BIT trong mach hinh 1.

DS.

Véi phan cyce trong mach ta thdy Jz va Je déu bi phan cue nguge => BIT & mién tit=> Iz =Ic=Iz=0
Nhu vay (n€u chon dién the tai cuc B 1a dién thé dat): Vg = Ve— Ve = 10V - 15V =-5V

Con Vpe=-10V

15 k€

— 10V

30 kQ

Hinh 1

3. Hay tim /g, Vgc va Vg ciia BJT trong mach hinh 1.

DS.

20 kQ

30 kQ

Hinh 2

Vi phén cuc trong mach ta théy Jg dugc phén cyc thuan va Jc dugce phan cuc nguoc => BJT & mién tich cuc
thuén = [p= (2OV—O7V)/39KQ =0.495 mzACuuDuongThanCong_com
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Néu chon dién thé dat tai cuc B thi ta c6

Suy ra:

Ve=0.7V va Ve=-20V + 20KQ x Ic =~ 20V + 20KQ x [z =20V + 20KQ x0.495mA =-10.1V

VEC =Vg— VC: 0.7V — (—10.1V) =10.8V
VCB = Vc—VB = VC:—IO.IV

4. Hay tim hiéu suat phat 5, hé s van chuyén mién nén B va d6 lgi dong E chung £ ctia BJT NPN véi cac
tham s0 sau: Npg= 1x10180m_3, Nyp= lxlolécm_3, D, =Dy, Wg=100nm, va L,= L, = lpm.

DS.

a) Hiéu sudt phat Ye

b)

Theo LT ta c6
y ~1- Lpp :l_peO Dy Wy
e
Ioy n,, Dy Ly
V6i  pep=ni/Npg;  nwo=ni/Naz

D= hé s khuéch tan cua hat dan thiéu sb tai E = D,
Dg=hé sb khuéch tan cua hat dan thiéu sb tai B =D,
L= chiéu dai khuéch tan cua hat dan thiéu s6 tai E= L,
Thay céc biéu thirc trén vao 5, , ta c6 dang biéu dién khéac cua 7 nhu sau:

_NAB Dp WB

Npe D, L,

Tir d6 tinh duge 7 = 1 — (10'%/10'*)(1)(100/1000) = 1 — 10™ = 0.999
Nhu vay .= 0.999

7. ~1

H¢ s6 van chuyén mién nén B

Theo LT ta c6
2
Brl—t| Vo
2\ L,

v6i Wp,= bé rong mién nén phﬁn trung hoa ~ Wp
L = chiéu dai khuéch tan cua hat dan thiéu sb tai B=L,
Suyra: B=1- (1/2)(100/1000)2 =0.995
Nhu vay B = 0.995

D¢ lgi dong E chung B
Taco: a= By, =0.995x0.999 =0.994 => = a/(1-a) = 0.994/(1-0.994) =166
Nhu vay =166

+
1 9-v Nica

— )Q‘

Ip
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5. Cho mach 14i LED ¢ hinh 3, v6i BIT ¢6 £ =100. LED nay c6 dién ap dan V;zp(on) = 1.5V va can lai véi
dong I1zp = 20mA. DPién 4p di€u khién V;= 0V lam LED tat, /;= 5V lam LED sang. Hay tim:

DS.

a)

b)

d

e

a) GiatriciuaR¢ dé cho BJT & mién bdo hoa khi LED sang néu Rz = 1KQ.

b) Dai gia trj ciia Rc dé cho BJT & mién bdo hoa khi LED sang néu R = 1KQ.

c) Dai gia tri cia R¢ dé cho BJT ¢ tich cuc thuan khi LED sang néu Rz = IKQ.

d) Dai gia tri cia Rz dé cho BJT ¢ mién bio hoa khi LED sang néu R¢ ¢6 tri & cau b).

e) BIT co £1a bao nhiéu dé cho BJT ¢ mién bio hoa khi LED sang néu Rz = 1KQ va R =170Q.

Gid tri ciia R¢ dé cho BJT ¢ mién bao hoa khi LED sdng néu Rg = 1IKQ
Khi bdo hoa ta co:
Vee =5V =Recle + Viep + Vegsa V01 Ic = I gp =20mA
Suy ra Rc = (VCC—VLED— VCEsat)/ILED = ( 5V—15V—02V)/20mA =3.3V/20mA = 165Q.
Nhu vy Rc=165Q

Dii gid tri ciia R¢ dé cho BJT ¢ mién bio hoa khi LED sdng néu Rg = 1KQ
Cach 1: Xét0< VCE < VCEm, =0.2V
Ta co: VCE = VCC* RCILED — VLED hay 0< VCC — RCILED — VLED < VCEsat =0.2V
Hay (Vee =Viep—Veesa)liep < Re < (Vee—Viep)/Iiep

(5V -1.5-0.2)/20mA < Rc <(5V —1.5V)120mA

165Q2 < Rc £175Q
Céach 2: J¢ duoc phan cyc thuédn, nghia 1a Vze> 0 hay Vg > Ve

Ta co: Ve = VBesar = 0.8V va Vo= Vee—Rcle—Viep = Vee—Relrep—Viep
Hay 0.8V > Vee—Rcligp—Viep = 5V —Rcx20mA—-1.5V

Rc> (5V-1.5V-0.8V)/20mA = 135Q2

Rc>135Q

NgOé.l ra con dléu kién Ve =2 0=> Vee—Rcliep—Viep 2 0=>R¢ < (VCC *VLED)/ILED: 175Q
Tom lai: 135Q < R¢ £175Q

Chd §:
e Céch 2 cho tri chinh xéc hon vi Vg = 0.2V 1a tri tiéu biéu ma trong thuc t€ ¢6 thé thay doi
nhiéu.
e Thuyc té thudng phan cuc cho Je dan thuan (Ve = 0.7V).

Dai gia tri ciia R dé cho BJT ¢ tich cwe thuan khi LED sang néu Rz = 1KQ.
Khi tich cuc thuan thi J¢ dugce phan cuc nguoc, nghia la Vze <0 hay Vg < V¢

Ta co: Ve = VBgsar = 0.8V va Vo= Vee—Rcle—Viep = Vee—Rclrep—Viep
Hay 0.8V < Vee—Rcliep—Viep = 5V —Rcx20mA-1.5V
Rc<(5V-1.5V-0.8V)/20mA = 135Q2
Rc<135Q

Chit y: Thyc té phan cuc Veg > 0.4V

Dii gid tri ciia Rg dé cho BJT 6 mién bio hoa khi LED sdng néu R¢ cé tri 6 b)
Khi bao hoa thi Sz > Icsa

V61 Ipsas = (Vi— Veesa)/Re Va Icsa = I1ED

Suy ra RB < ﬂ(V[ — VBESQI)/ILED: 100(5V*08)/20H1A =21KQ

Nhu vdy: 0<Rp< 21KQ

BIJT c6 f31a bao nhiéu dé cho BIT ¢ mién bao hoa khi LED sang néu Rz = 1KQ va Rc=170Q.
Khi bdo hoa thi Sz > Icsa

Vi Ipsas = (Vi— Veesa)/Re Va Icsa = I1ED

Suyra B > Icw/ Issar = Rs Iiep/(Vi— Vagsa)= 1KQ x 20mA/(5V-0.8V) = 4.76

Nhu vay: S>> 4.76 (cac BT thong dung déu c6 B tir vai chuc dén vai trim => ludn thoa)
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6. Thiét ké mach nap pin theo hinh 4 ¢6 thé chinh dugc dong nap pin tir 10mA dén 100mA. C6 nghia 1a ta
phai tim cac gié tri Vee, Ry, R, (bién trd) 1am cho Q; (c6 B= 100) hoat dong nhu ngudn dong hing chinh dugc
Ic=10mA dén 100mA.

DS.

Gia sit BJT ¢ mién tich cyuc thuan va dung mé hinh tin hiéu 1011 voi Vp=0.7V.

Khi d6 Ic= B v6i Ig=(Vce—Vr)/(R;+R;) vathay vao yéu cAu voi IC: 10mA < I < 100mA , ta co:

IOmASﬂ[;C;VBE

1+2

j <100mA

Bién tré R, 6 thé duoc chinh tir 0 dén R;, va I¢ max khi R,=0. Nhu vay ta co thé chon R; béng:
100mA = CCR Vi hay R, = 10,8( BE) [Q]

1
Ta ¢6 thé chon Vec=12V (chi can 16n hon dién ap danh dinh cua pin nap dugc), suy ra R;=11.3KQ
Thuc té thi ta phai dung dién trd vai gia tri chuén, do d6 nén chon R;=12KQ (nghia 1a /- max hoi nhé hon

100mA).
Gia tri ctia R, dugc tim nhu sau:
V.-V,
R = cc BE _
= 10mA !

Thay cac tri s vao ta co R, = 101.7KQ

Néu dung dién tré chuan thi chon bién tré' 100K cho R, khi d6 Ic min hoi 16n hon 10mA!

Chii y: Thyc té thi cac pin NiCd nhu loai 9V dugc 1am tir 8 pin nho 1.2V, nghia 1a dién 4p danh dinh ciia n6 1a
9.6V. Khi pin dugc nap day thi mdi pin nho c6 dién ap 1a 1.3V, dan dén dién ap nap day 1a 10.4V. Nhu vay
chi can chon Vee> 10.4V + Vg, thi dat yéu cau!

7. Hay tim diém tinh ctia BJT trong mach ¢ hinh 5. Cho trudc cac gia tri linh kién: R1 = 100KQ; R2 = 50 KQ;
Rc=5KQ; Re=3KQ; Vee=15V; Vgr(on) =0.7 V, va = 100.

DS.

Dé tién tinh toan ta s& bién d6i mach & cuc nén thanh mach tuong duong Thévenin nhu sau:

Ic Ic

Ip + ch Ip + R(‘é

| V CE T i"r_‘g

| _ Rp . _

I Vee
— - | P — [—— - 7 pe—
— Vec R i lf}._‘ Vee— — Ve R l.’g Vee =

I

|

|

1

|

I

Vo1 Vgp= Vcch/(R1+R2) va RB—RjRg/(R1+R2)
Gia st BJIT ¢ mién tich cuc thuén, néu tinh ra khong ding thi ta phai doi lai gia thiét BIT & mién bio hoa va
tinh lai! Tai mach nén-phét ta c6 phuong trinh sau:

Vg =IgRg+ Vg + IgRg = [Rp + (B+ 1R 1 + Ve
Suy ra dong /I dugc tinh theo cong thic sau:

— Vis =V
" R, +(B+1)R,

T d6 suy ra: Ic=plp
Tai mach cuc thu, ta co:

Vee =1IcRc+ Vet IgERE = [cRc+ Vg + (ﬁ + ])IcRE/,B
Suy ra:

+1
Veg =Vee = 1| R +ﬂ R,
ﬁ uuDuongThanCong.com
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Néup>>1thitacd Vy, =V —I.(R.+R,)

Thay cac gia tri vao ta co:

Veg=5V; Rp= 33.} KQ; Ig=12.8 uA; Ic=128 mA; Ver=4.78 V> Vg = 0.2V (dUng tich cuc thuin)
Nhu vay BJT c6 diém tinh:

VCEQ =478 V ICQ =1.28 mA IBQ =12.8 ﬂA
Ix
& i}
I'cq )
+
T ?T- % =
Hinh 6 Hinh 7

8. Mach & hinh 6 ¢6 2 BIT giéng nhau hoan toan va dugc phan cuc ¢ mién tich cuc thuén. Hay tim:
a) D(‘)Ilg IX khi V1:V2
b) Hiéusd V,—V, dé cho Ic; = 10Ic>
DS.
a) Dong Iy khi V,=V,
Ta co: Iy=1Ic; + Icr v6i I :[cgzlsexp(V/VT)
Hay IX +x 2lgexp(V1/VT) :[SX exp(V1/VT)
Khi d6 giong nhu twong dwong 1 BJT c6 dong bio hoa nguoc 1a Igy va dién tich mit cat ngang gép
d6i BJT ban dau!

b) Hiéusd V,-V> dé cho Ie; = 101c
Lap ti s0 2 dong I-ta co

"

I, 1"

oSt

L'

ViV, = Vrinl0=25mV x In10 ~ 58mV ¢ 300°K

= ]
=e " suy ra: Vl—szVrln(ij

Cc2

C2

9. X¢ét mach ¢ hinh 7, trong d6 V; biéu dién tin hiéu duoc tao ra tir microphone, /s =3 x 10794, p=100, V=0
va Q; hoat déng & mién tich cuc thuan.
a) Néu V=0, hay xac dinh cac tham s6 tin hiéu nho cta BIT?
b) Néu V;= 1mV, hiy tim nhirng thay ddi trong dong thu va dong nén?
DS.
a) Tinh cac tham sb tin hiéu nhd. Cho V; = 0 ta tim diém tinh cua BJT
Ta c6 Ic = Is exp(Vae/Vr) =3 x 107°A exp(800mV/25mV) = 23.69 mA
Suy ra ho dan gm=1c/Vr=23.69mA/25mV =0.9476 mho
Va dién tré vao r,= f/g,,= 100/0.9476mho ~103.53Q

b) Néu V;= ImV, hiy tim nhiing thay ddi trong dong thu va dong nén?
Véi mach twong duong tin hiéu nho ta thdy V;=v,, do d6 ta c6 su thay di & dong thu la:
Alc= g, V;=0.9476 mho x ImV = 0.9476 mA
Va sy thay d6i & dong nén
Alg=Alc/ f =0.9476 mA /100 = 9.476 pA
(co thé tinh Alg=v,/r, = 1mV/(100/0.9476)rQ =9.476 pA)
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Mach tuong duong tin hi€u nho cia hinh 7
ip ic
In

10. Hay xac dinh dién ap ra ¥V, va dong I trong mach sau. Va tinh tiép gia tri cac tham s tin hiéu nho cia
BJT nay. Gid st BJT c6 f=100 va V4= .

E
DS. \
D¢ dé tinh toan ta sé v& lai mach véi tuong duong Thévenin cho mach phan cuc tai cuc nén:
R, 1.2k .
Vy,=——V. . =———4/—3=12F
OOR+R, O 18k+1.2k
R, =R1//R2=720Q
Vig =1 Ry + Ve + Ry I
7
=1 R, +V,.+R,, ﬁ—il
1.2=1,-250+0.7+720- L
100+1

1, =1.95mA
l.=a-1,=099-1.95m=193mA
V., =3-1.93m-1k=1.07V

1 1.93m

g, =—== =0.0724/V
> 25m

A
r =L ~100/0.072 =1.39k0
g”f

Nhu vay ta co:
V,=1.07V; Ic=193mA; g,=0.072 mho ; va r,=1.39KQ
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