DHBK Tp HCM-Khoa B-DT
BMDT

GVPT: Hb Trung My

Mén hoc: Dung cu ban dan

Chwong 5
BJT
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BJT
Gidi thiéu
Blrc tranh y niém
Pac tinh tinh cua BJT
Cac tham sd hiéu nang cla dung cu
C4c hiéu &ng thr cap
Céac dac tuyén cua BJT
Pap rng tan so6 va hoat déong chuyén mach cua BJT
Cac mo hinh cua BJT
Cac loai BJT khac
Cac rng dung cua BJT: Gwong dong dién, ...
Thyristor
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5.6 Pap trng tan so va hoat déng
chuyén mach cua BJT
5.6.1 Dap (rng tan sé

« Mach twong dwong tan sb cao
« Tan s0 cat (cutoff frequency)
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Mach Kb CE — Hoat ddng tin hiéu nho

CuuDuongThanCong.com https.//fb.com/tailieudientucntt


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

Mach twong dwong tan so cao

rTE —l— C‘J‘E QmVﬂ; rD
3

r, C, (=Cp): twong dwong tin hiéu nho cua Je phan cwe nguoc

r., C_(=C,.): twong dwong tin hi€u nhoé cua J- phén cyc thuan

r, : dién tré cua BJT CE

r, . dién tré tai mién nén trung hoa (bd qua trong tan sé trung binh)

Cac gia tri thwc té cla cac tham so: r, rat Ion (c thé xem nhw hé mach),
C, =1-5pF, Cn=5-50pF

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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Hybrid-pi model
a useful small signal equivalent circuit

n °F
P B

o’ n
n* buried layer

r, ', I :series resistance
I, r, : diffusion resistance

1, :the inverse of the output conductance

80 r,,
Early effect 1
C; : collector-substrate junction capacitance Y E
( C, je : junction capacitance
(

:diffusion capacitance. Stored minority
chargein E & B

CuuDuongThanCong.com
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Cac gi¢i han tan s hoat dong

(1) Cac yéu to lam tré

Thoi hang tong cong tir E dén C hay thdi gian tré

T.=T, +Th+T[I+Tc

VOi

T, * thoi gian nap dién dung tiép xuc jg

T, : thoi gian di qua mién nén

T, * thoi gian di qua mién nghéo & mién thu (collector)

1. « thoi gian nap dién dung ¢ collector

CuuDuongThanCong.com https.//fb.com/tailieudientucntt


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

(@) ! Thoi gian nap dién dung tiép xuc je
T, :r;((.'.je+(fp)
VO
kT 1

r’ = o Pién tr& khuéch tan tai tiép xuc Jg
E

C, : Dién dung khuéch tan
C,: bién dung ky sinh gitra B va E
(b) Thoi gian di qua mién nén
V&i transistor NPN, mat do dong dién tlr & mién nén:
J =-eny;(X)v(x)

v(x)=dx/dt hay dt=dx/ v(x)

Q.
J

n

T, = Tdt = ]jdx/ v(x) = TEHE(K)dX I(=J,) =

> <— ng(X) = ng,[exp(Vge / VOl - x/X5)
_ B { J _ep 910
2D, . =eD,—

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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(¢) Thoi gian di qua mién nghéo & mién thu (collector)
Pién t& di qua mién dién tich khdng gian B-C v&i toc dd bao hoa
cua chung trong transistor NPN

T =Xjc/!2vg
V@i x4, 1a bé rong mién dién tich khéng gian B-C va vg la van toc béo hoa.

(d) Theri gian nap dién dung & collector
T = r,c(CJhl +C.)
VO
rc: Dién tré ndi tiép & mién thu
C, : bién dung & tiep xuc J;

Cs : Bién dung tlr mién thu dén dé (substrate) cua transistor

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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(2) Tan so cat (cutoff frequency) cla transistor

b6 lgi dong CB

el

f
1+j—
Tt

v )

L=

o, : DO lgi dong CB tan thap

1

f — . A X <
“~ Imt_ Tan soO cat alpha
g
1+ji
B = o f,
1-o Oy
1-—
1+ji
fﬂ.
%y

T 1-a, + /1)

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

10


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

o
p= “f

(A-ag)l+j g ]

f . . .
—L - Tan sb6 cat beta

0

N
"
|1

Tan sé cat f (tan s6 don vi) dwoc dinh nghia 1a tan so6
ma ¢ do bién do cua dé loi dong CE la 1 (5..=1).
fT = fu

Cha y: Hién nay BJT co f~ 25GHz

HBT co6 f-~ 350GHz (nam 2002) .
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Tinh f; tr md hinh twong duong tan so cao

V. 1 I.= (g,
I SC,u —
' C

— il ,-.}".'.

Iy =

—
[_B r

S A
Vs ? V.2 7x =G &n Ve To
Fa B : - iy

- E
L I : T()=—
h, = I S p= A 1+(;)
[ =gy -V = (g, -sC,)V, O 1
/C Tan s -3dB Wp = (C,+C,)r,
52@#@#@)
_ I, g,—sC,
v /r,+s(C,+C,) Btinséthap
gl Bl

e 1+5(C, +C,)r, 1+s(cﬂ+cu)rﬂ

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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]c ﬁO 1
=7 = A
I, 1+s(C,+C)r, 1+s/o,

20log f—20log |1+ (@, /@) =0
B =1+ /o)

W, =0f " f>>1

|| (dB)
A
Bo
—20dB/ decade
(0 dB
@ (log scale)
frA

o

Bang théng dé lgi don vi

-

W, W, =—>"—
o+,

_ g
Jr 27(C, +C,)

CuuDuongThanCong.com
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5.6.2 Hoat déng chuyén mach cua BJT

® BJT c6 thé hoat ddng nhuw mdt khda (cdng tac) gitra trang
thai dong thap-ap cao (OFF) va trang thai dong cao-ap thap
(ON).

® Trang thai tat (OFF) twong (rng v&i ché dd tat caa BJT, trai
lai trang thai dan (ON) twong &ng véi ché dd bao hoa.

® Mach tiéu biéu dé do dac tinh chuyén mach nhw sau:
Ve

Re

14
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v

CuuDuongThanCong.com

t, = thoi gian tré

t. = thoi gian Ién

t, = th&i gian xa
dién tich chtra

t: = th&i gian xudng

15
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® Khi dwa vao dién ap V, , dong nén lg, dwoc cho béi:

I, =V -V,

BEsat

)/ R

® Khi xung vao bj chuyén sang tat va dién ap vao giam xuong
gia tri am V,, dong nén co tri s6 maoi:
1,,=V,-V,. )/ R

BEsat S

O] Dong nén gilr nguyén gia tri nay gan nhw trong toan bo tho
glan xa dién tich chura, nghla la, khi phan bd hat dan thiéu
sO trong mién nén van con tucyng (’ng v&i ché do bao hoa.
Sau thi gian xa dién tich chiva, phan bd hat dan thiéu sb
chuyén sang ché dd tich cwc blnh thwdng cua no.

t=0 =T t>1
\ AN

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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® Sau t = 1, dién ap emitter bat dau giam va
[B:(Vz_VBE)/RSj[B:O khi VBE:V2
©® Thoi gian xa dién tich chira 1a mét trong nhirng théi gian
quan trong nhat lam gi¢i han toc d6 chuyén mach cua BJT.
Pé wéc lwong thdi gian nay, ta thay rang BJT bi lai vao bao
hoa Kkhi

[C — (VCC — VCEsat)/RL ~ VCC /RL
® Tw do, BJT bi lai vao bao hoa khi
[,>1 = &
¢ Rthe

© M6t khi bdo hoa, dong collector la I-=V./R,. Trong luc xay
ra xa dién tich chira, dong collector gitr gan nhw khéng doi
cho dén khi BJT vao mién tich cwe. Théi gian xa diéntich
chira (storage time) 1a théi gian can cho dién tich trong
mién nén Q,, giam xudng gia tri cta dién tich Q,, twong
(’ng v&i ché dd tich cuec.

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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® Khi BJT & che db tich cwc, I gidm theo thoi gian. Hiéu so
cua dong nén o ché dé bao hoda va tich cuc la:

AIbs — Ibs o Iba — Ibs o VCC /(hfeRL)
® T phwong trinh diéu khién dién tich
I =AQ, /1_+dAQ, /dt

nguwoi ta co thé wéc lwong thdi gian xa dién tich chiva la:

T =T ln{]l’1 _]bz}
Iba _Ibz

® Khi t > 1, phwong trinh diéu khién dién tich tré thanh:

I, = 2N da’th — O, = Agqn, We"'" |2
T

nl

18
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Khéa dién t& dung BJT

Load Load

(a)

ll}
|

a) Voi BJT NPN

CuuDuongThanCong.com

+Ver
’

Load

Lo

(a)

L

Load Load Load

“Vece “Veco
(b) e 0 () == Vl;

a) Voi BJT PNP
19
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SWITCHING DELAYS IN A BJT (1/2)

Vee=5V
SWITCHING
CIRCUIT Rc
1 kQ
OUTPUT EXAMPLE PARAMETERS
o V(1)
Vgplon) =07V Tz =0.1ns
Vgp(sat) =08V Tgr = 10ns
Veg(sat) =01V ¢ =12ns
C;,-eo =0.5pF ij =0.2 pF
¢, =09V 6, =07V
m, =0.50 m. =05

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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SWITCHING DELAYS IN A BJT (2/2)

5V
v; INPUT VOLTAGE
0
| |
| |
| |
l l ~ OUTPUT
- | | Is Is VOLTAGE
5.0V f : ) | ¢
VO 0 1 i /
l 5 0.1V | 'y
\4 l /
Minority
charge 1n the
base
Base Base Base Base Base Base

MINORITY CHARGE INJECTION

IMPORTANT ISSUE: Avoid going into deep saturation.

CuuDuongThanCong.com

MINORITY CHARGE REMOVAL
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Chuyén mach tin hiéu l&n

Emitter Base Collector
Nong d6
hat dan .
2 x 75
thidu sb YUy
%
Qc 4%

Qg : Dién tich chura tai B khi BJT ¢ tich cyc thuan
Qg & Q. Dién tich chia tai B va C khi BJT ¢ bao hoa

BJT dwoc kep diode Schottky

C
[ Ky hiéu
B J' « Giam th&i gian tich trir dién tich
- Tang téc d6 chuyén mach collector
base
emitter
E
22
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Transistor Schottky

Diode Schottky la ‘dung cu hat dan da sé, cé nghia la dap rng qua d6 cua
no nhanh hon nhiéu cac dung cu lwdng curc.

Nguwdi ta dung cac tinh chét clia diode dé tang tbc dap &ng cia BJT.

Kim loai tao thanh tiép xic Ohm véi nén (base), nhwng tao thanh rao thé
Schottky trén mién thu (collector).

— Khi BJT dang & ché do tat (hay tich cuc thuan), J. va diode Schottky bi
phan cwc ngwoc. Nhu vay diode Schottky khong anh hwédng den dung cu.

— Khi BJT di vao bao hoa, diode Schottky dwoc phan cwe thuan va sut ap
trén JC bi kep b&i sut 4p thuan phan cwc cua diode (Vo cla Schottky ~
0.3V).

Pién ap ON cla diode Schottky nhd hon nhiéu clia J,. Diode cho phép
dong nén déi ra di qua no.

Do do BJT khdng vao ché do bao hoa va s rat dién tich dodi ra nhanh hon
- chuyén mach nhanh hon.

Transistor Schottky la linh kién quan trong cua logic lwéng cwec khéng bao
hoa va n6 dwoc dung trong cac irng dung can téc dé chuyén mach nhanh.

23
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Schottky transistor

* MOTIVATION: Do not let the transistor

go into deep saturation during switching.

) - A /FI:LSioz

C

Al makes an ohmic contact fo
the p-type base and a Schottky
contact to the n-type collector

* Collector-Base reverse biased
Schottky diode is reverse
biased

* Collector-Base forward biased I
Schottky diode turns ON
and collector 1s bypassed

Schottky diode

Base-collector diode

Schottky diode 1s turned ON at a
voltage smaller than what 1t takes
the CBJ to be mn the saturated mode

-

24
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5.7 Cac mo hinh cua BJT

1. Mo hinh tin hiéu Ién
1) M® hinh Ebers-Moll (mé ta cho bat clr ché do lam
viéc nao va la co s& cho md hinh BJT trong SPICE)
2) M6 hinh Gummel-Poon (c6 ké dén s tai hop khi xét
cac dong dién)
3) Xét tirng ché dé lam viéc khdac nhau

2. M6é hinh tin hiéu nhé (dung cho ché dé khuéch
dai, tin hiéu nho)

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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M hinh tin hiéu I&n (tan so thap)

Ché dé
Tich cwc thuan Bao hoa Tat
BJT BL> 1. L=1,=1.=0
¢ ip ic
—» “«—
B e e C|Be—e ——
+ +
B \'53]5{0113 — — VCE{sar) VBE VeE
E E IJ' E E I
npn Iy > 0va V¢ > Vig(sat) Si: Vge(on)= 0.7V va V(sat)=0.2V]
E
E I¢ E I
IE
. + + +
B V = — V VEB "'EC
EB(on) —=— —— "EC(sar)
B : B &o— ——5*C|Be—o —(
C iB ic 5 ic
prp Iy > 0va Vie > Vi(sat) Si: Vgg(on)= 0.7V va V(sat)=0.2V
Chii y:
* V&i che do tich cuc thuan, ta c6 thé dung mo hinh sut ap hang cho J khi tinh toan

* V6i ché do bio hoa, ngudi ta ciing dung mé hinh véi Vg = Viggsat = 0.8V (Si NPN) 26
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Mo hinh tin hiéu 16n ciia BJIT — NPN (ché d6 KP)

c
1
I.e"BE'VT tip
5 = . S -
“H-E Df‘.‘ + "..El DE
- (o (/5/ax)
i URE
r -
E
(a) (b)
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TD: BJT hoat ddng nhw khoa dién tw
Cho trwdc =50 - 150 va R; =1 KQ. Tim Rg?

10V V= V=0V > BJT tat (OFF) = vo=V ¢
v, =V, =5V = BJT bdo hoa (ON) = ve=Vegeu

Khi bao hoa ta c6 Vg~ 0.2V (Si) va
BminIBsat > ICsat
V&I B, = 90
lcsat = (Voo — Veesat)/Re
lgsat = (Vin — Viesat)/Rs
Suyra:
Rg < BminRc(Vin = Veesat(Vee — Veesat)

o

iy
*Neu Vy >> Ve va Ve >> Vegsy ta co:

Rg < BminRcVinVee

28
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Hoat dong tin hiéu nhé va moé hinh

I = ISeVBE/VT
Ig =1c/B

VC — VCE — VCC o ICRC
V&i ché do tich cwe thuan, phan cuc
Ve >Vg-04

CuuDuongThanCong.com
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bién ap B-E tdng cong tirc thoi
VBE = VBE T Vbe

dwoc dwa vao chan B, va dong
cuc thu Ia

i =IgeBEVT = ISG(VBE+Vbe)/VT

— IS e(VBE/ V1 )e(Vbe/ V1) Upe

VH.#-'

Nghia la

: Vhe/V Vbe X
ic =lce™ ™' ~ Ic(1+—v ) néu v,, << V;

T (a)

Cu thé, néu v, < 10 mV -> tin hiéu nho

CuuDuongThanCong.com
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Dwa trén dong toan phan = DC + AC:

I
ic=Ic+i, =I-+-Sv
C C c C VT be
Dong thu tin hiéu nhoé la
. Ic
I, = V—TVbe = 8mVbe

vé&i hé dan g, 1a
I.  dic

g = =
o VT 5VBE iC

Slope = g,

Hoat ddng tuyén tinh cla BJT dwai diéu kién tin hiéu nho: Tin hiéu nhd v, Vi
dang song tam giac dwoc xép chong 1én dién ap DC V.. N6 lam xuét hién dong
tin hiéu & cuc thu i, cling cé dang séng tam giac, dwgc xép chong Ién dong DC
lc. O day, i, = g,V VOI g, 1 d6 dbc cla duwdng cong iV tai diém tinh Q.

CuuDuongThanCong.com
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> Phét trién mé hinh tin hiéu nhé:

Phan tich trén dé xuat dbi véi tin hiéu nho
Ve << V1

BJT hoat ddng nhw “ngudn dong dwoc diéu khién
bang ap” vé&i hé dan g,

Dién tro’'ra
Ly twéng thi dién tré ra la “vo cuc” ()
Do hiéu trng Early, dién tro ra thi hiru han.
DPién troraryla
T ~ A
(¢ IC
32
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Dong nén va dién tré vao & mién nén

Ic

Dong nén toan phan 1a i =—=, nghia la
g = Ic lI—vae =I5 +14

P B Vr
Do d6 dong nén tin hiéu nhd Ia
1y = Ll Vbe = vy,

B Vr p
Dién tr& vao tin hiéu nho r_1a
r, = Ybe _ B _ B _ VT

, 8m Ic/Vp) Ip

—1
‘Mstkhac, tacd T, =[ Olp j -Vt
OVe I

CuuDuongThanCong.com
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Dong phat va dién tré vao & cwc phat
Dong phat toan phan 1a
ic I i

- .
+ —IE+1e
o o o

Nghia la dong phat tin hiéu nhd la

1 I I
e A O _diick
le = Vbe = Vbe

o oV Vr
Néu ta dinh nghia dién tré tin hiéu nhé gitra cwc nén
va cwc phat , nhin vao cwc phat, la r, (hoac r’,). Khi
do r, dwoc tinh nhw sau

N/
— ~y/

le — 1 IE Zm gm

\Y \Y \" o 1
I = .be(: ?b): E =

34
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Vi Vbe = lpIp = Lele

e 1
Nhwvaytacod |1, =—Sr, =(B+1)r,

1y,

* DO loi ap (tin hiéu nho)
Pién ap toan phan tai cwc thu Ia
Ve = Vee —icRe
= Vee =g +1)R¢
=(Vec —IcRe) —1cR¢c = Ve —1R
DBién ap tin hiéu nho v la
Ve = 1R = —(8m Ve )R = ~(8nR)Vpe
Nhw vay do loi ap A, clia mach khuéch dai nay Ia

IcR¢
' Ve " VT

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

35


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

> Cac md hinh tin hiéu nho: Mé hinh = hon hop va mé hinh T

T phan tich trén, ta c6 thé tach riéng ra cac dai lwong DC va
tin hiéu dé don gidn héa viéc phan tich
Mé hinh 7 hon hop ( Hybrid-z Model )

= —— + -
B 00— £ B o—f&==m

+
Upe § ¥ g Vo :
.B*Th

(a) (h)

Hai phién ban hoi khac nhau cia mé hinh pi dwoc don gian hda khi phan tich hoat
ddng tin hiéu nhd ctia BJT. Mach twong dwong trong (a) biéu dién BJT nhw nguén
dong dwoc diéu khién bang ap (mach khuéch dai xuyén dan [transconductance
amplifier]), va trong in (b) biéu dién BJT nhw ngudn dong dwoc diéu khién bang
dong (mach khuéch dai dong [current amplifier]).

36
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Mo hinh T

Chu y: ca hai mé hinh dwgc xem nhw
(a) ngudn dong dwoc diéu khién bang ap, va
(b) nguén dong dwoc diéu khién bang dong.

Em Upe - = 1=

(a)

CuuDuongThanCong.com

(b)

https://fb.com/tailieudientucntt
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» Cac budc phan tich mach BJT tin hiéu nho
1. Xac dinh diém hoat déng DC (v&i B cho trwwdc) va co
dwoc dong thu DC ..

2. Tinh cac tham sb6 tin hiéu nhé cta BJT
_Ic . b Vr _ @

8m s V=75 = =
Vr Em I g
3. Khr cac ngudén DC bang cach:
Ngudndap = Ngan mach

Ngubén dong = H®& mach

4. Thay thé BJT bang 1 trong cac mé hinh tin hiéu nhé

5. Phan tich mach co dwoc dé xac dinh cac dai lwong
mong mudn, thi du: v&i mach trwéc cé do loi ap la

A, = ngC

v —

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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TD: Gia st f=100. Tim d6 lgi ap tin hiéu nho v_/v

O ché d6 tich cyc thuan |Vgg|=0.7V

¥ %3 kil
;Hr- 3 kil
1V

—o -
. A 100 k€2

(a)

CuuDuongThanCong.com

ST

R = 3 k)

——

(c)

39
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> M6 hinh tin hiéu nhé c6 ké dén hiéu eng Early (c6 thém

dién tré ra ry)

Va +V, V
peYarter  Ya (g
C C
B o— o B o L'- . o C
T g F iy % r, % e <+ By, § ;
l -
o
E E
(a) (b)

Ngudn dong duoc diéu khién bang ap

CuuDuongThanCong.com

Ngudn dong dugc diéu khién bang dong.

40
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I

T

Hybrid-m model

Io

E

CuuDuongThanCong.com

T model
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Graphical determination of ac emitter resistance.

‘E f= 25mV. (§300K)
IE

w L N

L\
’”e’ _ AV,
Q1 AIE
AIE /\\/ o
—— | VBE
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Al

Xac dinh B,

CuuDuongThanCong.com

h-c = dc beta

h,, = ac beta

https://fb.com/tailieudientucntt
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Cac dai lwong AC trong bang di liéu

Bon tham sb h truyén thong:
* he, ladé lgi dong AC (mac CE)

* h,= r_latong tr& vao (mac CE)
* bac = hfe
* r.e’ = hie/hfe

h,, va h,, khdng can cho cac thiét ké co ban va
troubleshooting

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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M6 hinh pi hon hop
(tin hiéu nho) cua BJT

MO hinh tin hiéu nhé pi-hon
hop 13 biéu dién tan so thap cua
BJT.

» Céc tham s0 tin hiéu nho bi
diéu khién boi diém Q.

CuuDuongThanCong.com

H6 dan:
1
&= V_C; 401 -
T

Dién tro vao (hay h,,):
V.
) AP ﬁO T = ﬁO

T
IC gm

Dién tré ra (hay 1/h,,)

V +V
.- A CE
0 ]

C

vo1 'V, 1a dién ap Early

https://fb.com/tailieudientucntt
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The Hybrid Equivalent Model

[,
10—
+

v

1

1" O

Hybrid model is derived from two-port system.

Two-Port
System

/

&0 2

O
+
V2

02
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Six Circuit-Parameter Models for Two-
Port Systems

In\ollaegzgldeint Dveapr?:gggt Circuit Parameters
1, 1, V., V, Impedance Z
Vi, Vs, Ehdy Admittance Y
Vi, 1, 1, V, Inverse Hybrid g
1,7V, Vi, I, Hybrid h
V,, I, Vi, I Transmission T
Vi, 1, Vs, 1, Inverse Transmission T’

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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Equations for Hybrid Model

Vl — hu]l +h12V2
]2 — h21]1 T hszz

LZT Vl ] - ] V2 0, Clnd ]2 — ]0.
Then

V, = hllli +l"12Vo
[, = h21]i +h22Vo

ccccccccccccccccc
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Equivalent Circuit for
Hybrid Model

N
\R‘ ~

IS
=&
S
AN

5

QR‘

IS

— e e e e e e eEE—, e, e e, G e S . e e——— e el

V.=hl+h,V =hl +hV,
[, =h I, +h,V, =h1+h}V,

49
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h-Parameters

}“1:% V=0 hlz:% I =0
i o 0 i
1 /
hy =—* Ny, =—=
I |V,=0 VoI =0
h,, = h, = Input Resistance
h,, = h, = Reverse Transfer Voltage Ratio
h,, = h,= Forward Transfer Current Ratio
h,, = h, = Output Admittance

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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h-Parameters for CE Amp.

h,, = the base input impedance

h,, = the base-to-collector current gain
h,. = the output admittance

h. = the reverse voltage feedback ratio

v, =hi +hv

re ce

I =h i, +h v

oe ce

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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Hybrid Model for
CE Configuration

h, = vf“ (output shorted)
Ly
h, = li (output shorted)

L

CuuDuongThanCong.com

e

h, = e (input open)
VCQ
vbe :

h, = (input open)
%

ce

May be
neglected.

52
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h-parameters of 2N3904

100

Vce=bV

f=270Hz

-3
(-

—_—

LA ™ Ta=25"C

J lc=1mA

)4 AN hie=3.84k(2

/ ™\ | | hfe=141

h PARAMETER NORMALIZED TO 1mA

o
o=
—

L hre=5.03 x 10
hoe=5.98uS

1 10 100
COLLECTOR CURRENT : Ic (MmA)

Fa

Fig.15 h parameter vs. collector current

CuuDuongThanCong.com
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Hybrid Model without h,, and h_,_

hfe = ,Bac
h, = (hfe + 1)’2’ = hf r, = Zin(base)

—
2 ’ Z.r
j j A-:—h in' C
\Le \Le 4 fe[hieRL
O O
e e

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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Determining h-Parameter Values

Use geometric means if given max. and min. values.

hie — \/hie(min) 2 hie(max)

h fe — \/ h fe(min) 2 h fe(max)

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Typical amplifiers

BJT
Amplifier

Rin

JFET
=r Amplifier

Load

=~
R

(%]
|
Il

5

CuuDuongThanCong.com

Op-Amp Based
Amplifier

S

Load

https.//fb.com/tailieudientucntt
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Vin

General amplifier models.

4

out
O
Zin A Vout
O O
O O
Vin Zin A Zou { Vout
O O

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Gain symbols.

Type of Gain Symbol Relation
I B
Vou
Voltage A, A4, = N :
iout
Current A A = i
})out
Power A, Ap = P

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Example

The symbol shown in Fig. 8.3 is a generic symbol for an amplifier.
Calculate the voltage gain for the amplifier represented in the figure.

4 = You _ 250mV

Yy 400pV

m

=625

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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Voltage amplifier model.

RS
O
+
/\/ VS Vin
® >
Zin
n — Vs
R, +Z.

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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Combined effects of the input and
output circuits

out

25OQ

O=
+
v Ry
1 5mV QSOQ 4 1.2kQ)
>O (—)<

A =340

VA .
N (15mv)9809 R, _ sy 12k

in VL :vout _( )
R, +Z 1kQ Z . +R, 1.45kQ
—14.7mV —4.14V
= Av_ =340x14.7mV v, 4.14V

v A, === =276
— 5V eff) vy 15mV

61
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Voltage Amplifier Characteristics

Ideal:

* Any value of voltage gain (can be infinite if needed)
 Infinite input impedance

« Zero output impedance

Practical:

« Certain value of gain (cannot reach infinity).
* High input impedance

 Low output impedance

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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BJT Amplifier Configurations

« Common-emitter (CE) amplifier
« Common-collector (CC) amplifier
« Common-base (CB) amplifier

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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Property ranges

1771 71 /7
Property Low Midrange High

Gain <100 100-1000 >1000

Impedance <1kQ2 1kQ-10kQ >10kQ

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Common-emitter (CE) amplifier

eMidrange values of

voltage and
Vout current gain.
NN °
Vi, 1 LV U eHigh power gain
AWA ] 4V, _ |
\J U eMidrange input
20mV._ -oac impedance

+VCC
L
N = eMidrange output
- impedance

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Common-collector (CC) amplifier

eMidrange current gain.
eExtremely low voltage gain
eHigh input impedance
eLow output impedance

Vout

N
YAVARV,

|
I 1.8V,

Load

- 66
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Common-base (CB) amplifier

e Midrange voltage gain
o Extremely low current gain (slightly less than 1)

e Low input impedance

. . +VCC
e High output impedance
Vin "4 ¢
AWA A N
20mVIop Il K P 2Vpp
/‘\/ Load

67
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A comparison of CE, CC, and CB circuit
characteristics

17 1T 717 """ 1 """/ 71 /"
Z

CuuDuongThanCong.com

Type Aii Ai- Ai Z-IH out
CE Midrange | Midrange High Midrange | Midrange
CC <1 Midrange | = A, High Low
CB Midrange <1 ~A, Low High

(Ap - AvAi)

https://fb.com/tailieudientucntt
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BJT Terminal Connections

Type Emitter Base Collector
¢ ¢ | ]
CE Common Input Output
CC Output Input Common
CB Input Common Output

CuuDuongThanCong.com
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Amplifier Classifications

Class A — low distortion, high loss
Class B — some distortion, lower loss
Class C — high distortion, lowest loss

Others
— Classes D, E, G, H, T

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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I Cac 16p hoat dong I,

A

\ [

A

Class A : Linear

[
»

Class B, AB: Linear™* (Complementary)

Class C: Nonlinear (RF, Tuned)

Class D and E: Switching (Linear Audio)

CuuDuongThanCong.com

t

d!

Cac hoat dong lop A, B, va C (phan loai theo
dang dong collector trong 1 chu ky)

https://fb.com/tailieudientucntt
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Class A Amplifiers

Conduction: Transistor conducts
cc during 360 deg. of ac input.

. Maximum theoretical eff.: 25%
Distortion: Little (subject to
R1

s nonlinear distortion.)
C
|
I
H ® Q, Load

= 72
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Class B Amplifiers

O +V

@
i.

4
/X

CuuDuongThanCong.com

CcC

Conduction: Each transistor
conducts for 180 deg. of ac input.

Maximum theoretical eff.: 78.5%

Distortion: Little. Crossover
distortion is most common.

73
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Class C (Tuned) Amplifiers

+ VCC
L1 —_
||
I
Q,
'VBB

Conduction: Each transistor

conducts for less than 180 deg.
of ac input.

Maximum theoretical eff.: 99%

Distortion: Mild to severe.

74
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Decibels (dB)

Lo
A, =10log 4, =10log P.t dB
3 2 -3 1/2
6 4 -6 1/4
12 16 -12 1/16
20 100 -20 1/100

CuuDuongThanCong.com
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dB gains are additive

Input O > >—© Output

T A,=20dB A ,=6dB T
A =26 dB
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D liéu cta 1 s6 BJT théng dung

Table 5.9 Bipolar transistor parameters

Parameter Meaning

I max. The maximum value of collector current

Vegpo INAX. The maximum value of collector—emutter voltage with the base terminal left open-circuit
Vego INAX. The maximum value of collector—base voltage with the base terminal left open-circuit
P, max. The maximum total power dissipation

hee The large signal (static) commeon-emitter current gain

he The small signal (dynamic) common-emitter current gain

hg max.
hige N,
hie
Foe

h,.

Ji typ.

The maximum value of small signal common-emitter cliurent gain
The muinimum value of small signal common-emitter current gain
The small signal input resistance (see Chapter 7)

The small signal output conductance (see Chapter 7)

The small signal reverse current transfer ratio (see Chapter 7)

The transition frequency (i.e. the frequency at which the small signal common emitter current gain
has fallen to unity)

CuuDuongThanCong.com
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Table 5.10 Characteristic of some common types of bipolar transistor

Device Tvpe Ic max. Vepomax. FVegp Max. P, max. hs at I i typ. Application
BC108 NPN 100 mA 20V 30V 300 mW 125 2mA 250 MHz General purpose
BCY70 PNP 200 mA —40V 50V 360 mW 150 2mA 200 MHz General purpose
BD131 NPN JA 45V 70V I5W 50 250mA  60MHz AF power
BD132 PNP 3A —45V —45V I5W 50 250mA 60 MHz AF power
BF180 NPN 20 mA 20V 20V 150 mW 100 10mA 650 MHz RF amplifier
2N3053 NPN 700 mA 40V 60 V 800 mW 150 50mA 100 MHz Driver

2N3055 NPN I5A 60V 100V 115W 50 500mA 1MHz LF power
2N3866 NPN 400 mA 30V 30V 3IW 105 50mA 700 MHz RF driver
2N3904 NPN 200 mA 40V 60V 310 mW 150 50mA 300 MHz Switching

79
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5.8 Cac BJT khac

Darling ton Transistor
Polysilicon emitter Transistor

Heterojunction bipolar transistor (HBT)=transistor lwdng
cwe chuyén tiép di thé

Phototransistor = transistor quang

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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5.8.1 Cau hinh Darlington

Lam cho d6 loi dong P rat cao,
thuong dung trong cac mach can
dong /- cao (nhiéu Amperes), va ta
muon diéu khién né véi dong nén
nho. Va f3 cling lam cho dién tro
Vao cao.

Ta ¢6 thé noi 2 BJT roi thanh 1
transistor Darlington hay mua loai
nguoi ta da ché tao san.

Vi hinh trén ta thay rang quan hé gitta I, va I, 1a I.,=pI, v6i
pB=p.b

Vyp tuong duong 1a 2xVyy ( 1.4V) va V. 1o0n hon (thudong thi
~1 V).

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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Cau hinh Darlington (2)

Equivalent Circuit

& i

B
1 TO-3P
1.Base 2.Collector 3.Emitter VWA WW—4
R1 R2
o]
R2=0.12kQ

Vi dé c6 toc do chuyén nhanh va dé bao vé BIT, trong dong goi
san cua BJT Darlington thudng c6 cac dién trd va diode.
Darlington tiéu biéu la TIP140 c6 thé lam viéc véi 10A, c¢6 d6
loi dong cao B it nhat 1000.

Darlington tin hiéu nho c6 thé co B ¢& hang 100 000!.

CuuDuongThanCong.com https.//fb.com/tailieudientucntt
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TABLE 6.1. SELECTED BIPOLAR POWER TRANSISTORS
Veceo lc fy Ccp®  Puiss T,
max max hgge @ Ilc min typ (Tc=25C) Oyc  max
npn pnp  Pkg® (V) (A) typ = (A) (MHz) (PF) (W) (CW) (O) Comments
Regular power: Vcg(sat) = 0.4V (typ): Vge(on) = 0.8V (typ)
2N5191 2N5194 A 60 4 100 0.2 2 80 40 3.1 150  low cost. gen purp
2N5979 2N5976 B 80 5 50 0.5 2 60 70 1.8 150
2N3055 MJ2955 TO-3 60 15 50 2 25 125 115 1.5 200 metal, indus std
MJE3055 MJE2955 B 60 10 50 2 25 125 90 1.4 150 piastic, indus std
2N5886 2N5884 TO-3 80 25 50 10 4 400 200 0.9 200
2N5686 2N5684 TO-3 80 50 30 25 2 700 300 0.6 200 for real power jobs
2N6338 2N6437 TO-3 100 25 50 8 40 200 200 0.9 200 premium audio
2N6275 2N6379 TO-3 120 50 50 20 30 400 250 0.7 200 premium audio
Darlington power: Vg(sat) = 0.8V {typ); Vgel{on) = 1.4V (typ}
2N6038 2N6035 A 60 4 2000 2 - 30 40 3.1 150 low cost
2N6044 2N6041 B 80 8 2500 4 4 80 75 1.7 150
2N6059 2N6052 TO-3 100 12 3500 5 4 100 150 1.2 200
2N6284 2N6287 TO-3 100 20 3000 10 4 150 160 1.1 200 high current

@ A- gmall plastic pwr pkg (TO-126). B large plastc pwr pkg (TO-127)

®} Cy, (npn) &t Vee=10V: Cep (PNP) = 2Ccp (NpN).

CuuDuongThanCong.com
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5.8.2 Polysilicon emitter BJT

L »

! !

\ Al

r'd

n* polysilicon
e Metal

Si0

[ ]

" )

p-base

n-collector

< Simplified cross section of
an npn polysilicon emitter BJT >

OP¢
A

n*-poly
emitter

n*-silicon
emitter

/

p-base

Diffusion current must be continuos across polysilicon/silicon interface.

d(OPE (pioy)) e

= eDE{pﬂh_)

dx

d(sp E(ploy) ) o

DE{11+} d(apﬂu*))

d(op,,-,)

or
dx

D

 PET duwoc dung IC

CuuDuongThanCong.com

E(poly)

E(n") > DE(PU'}'})
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5.8.3 Heterojunction bipolar transistors

« Higher emitter efficiency
« Decreased base resistance : base can be heavily doped

« Improved frequency response : higher current gain & lower base resistance

n-AlGaAs p-GaAs n-GaAs
(Emitter) (Base) (Collector)
Si } SiGe Si
DI

< Energy-band diagram of an npn heterojunction transistor
with a wide-bandgap emitter >

Chu y: HBT dwoc diing cac (rng dung téc dd cao/tan sé6 cao ’5
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5.8.4 Phototransistor (transistor quang)

f +VCC
“ Ve
VAN C
}/
1 n-p-n
Vo
E
(a) Photodiode—transistor (b) Phototransistor
amplifier without base

connection

CuuDuongThanCong.com

Yo

p-n-p

E

(c) Phototransistor
with base connection
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Cau truc cua phototransistor
Window

Emitter l Pase

y

Collector
87
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Phototransistors

Photodiode v&i mach KD (transistor)

Anh sang chiéu vao tiép xuc B-E (Jg).

Dong Collector I 1a ham tuyén tinh cla sy t&i birc xa (gia s
B=const).

Dai tuyén tinh thi hep hon nhiéu so véi photodiode hay
quang tro.

Pac tuyén lc theo Vg dwgc vé theo cac budc cua s toi
blrc xa.

P nhay cua phototransistor (RE) tot hon dd nhay cua
photodiode

88
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Phototransistor

 Khéng nhanh bang photodiode.

« S dung nhw transistor, ngoai
trlr khédng can dong nén.
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TD: Pac tuyén cla phototransistor
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Phototransistor

e [ntrinsic gain

- Photocurrent c
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Note that Vepsam > Ver (SAT)2-
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