DPHBK Tp HCM-Khoa B-DT
BMDT

GVPT: H Trung My

Mén hoc: Dung cu ban dan

Chuong 5

BJT

5.6 Pap rng tan so va hoat dong
chuyén mach ctua BJT

5.6.1 Dap ung tan soé

« Mach twong dwong tan sé cao

« Tan sb cat (cutoff frequency)
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Mach KB CE — Hoat déng tin hiéu nhé

I5(mA)

I,=25/pA

3
Mach twong dwong tan so cao
M
+oC
I'o

r, C, (=Cy): tvong duong tin hiéu nhé cda J. phan cwe nguoc
r. C, (=C,.): twong dwong tin hiéu nhd clia Jz phan cyc thuan
r, : dién tré clia BJT CE
r, : dién tré tai mién nén trung hoa (bd qua trong tan sé trung binh)
Céac gia tri thuc té clia cac tham sb: 1, rét I6n (c6 thé xem nhw hd mach),
C, =1-5pF, C7=5-50pF 4
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Hybrid-pi model
a useful small signal equivalent circuit

. e -t
Pp_*B
o(C n

n* buried layer

Iy, T, I, & Series resistance

r,, r, : diffusion resistance

r, :the inverse of the output conductance g, r_
Early effect X -

C : collector-substrate junction capacitance B

Cu’ Cje : junction capacitance

C,, :diffusion capacitance. Stored minority
chargein E & B

Céc gioi han tan s6 hoat déng

(1) Cac yéu tb lam tré

Thoi hang tbng cong tir E dén C hay thoi gian tré
T.=T, +Th+Td+Tc

V&I

T, * thoi gian nap dién dung tiép xdc je

T, : thoi gian di qua mién nén

b

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

T, : thoi gian nap dién dung & collector
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(a) ] Thoi gian nap dién dung tiép xdc jg
1, =1(C, . +C))
VOi
kT 1 . ;
= o bién tré& khuéch tan tai tiép xtc Jg
E
C,.: Diéndung khuéch tan
C,: Dbién dung ky sinh gira Bva E
(b) Thoi gian di qua mién nén
V6i transistor NPN, mat d6 dong dién t& & mién nén:
J, =—eny(x)v(x)
v(x)=dx/dt hay dt=dx/v(x)
T, = j dt= j dx/v(x)= j eng(x)dx/(-J ) =
A Y= {nB(x):nm[exp(Vmfv,)l(l—x/xg)

dn,(x)
J =eD —22
2D, n = €y dx

Q)
J

n

(¢) Thoi gian di qua mién nghéo & mién thu (collector)
Dién tt di qua mién dién tich khdng gian B-C v&i tbc dd bao hoa
clia chiing trong transistor NPN
Tl = R {2V
V&i x4, la bé rong mién dién tich khong gian B-C va v, la van téc bao hoa.

(d) Thei gian nap dién dung & collector
T.= rc((‘H +C))
ey
rc: Dién tré nbi tiép & mién thu
C, : bién dung & tiép xic J;

Cs : Dién dung tr mién thu dén dé (substrate) clia transistor
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(2) Tan sé cat (cutoff frequency) ctia transistor

Do lgi dong CB
Oy
a —
1+ji
f

f — 1 . A X <
L= : Tan so cat alpha
Gy
1+j—
o o
ﬁ_l—(x— o
1=
1+ji
f(l
ol

0

1o, (/L)

9
g
[}:
. f BJL
1-og)l+j——— %
L e Y
. N
[BO B l—(}.(} - 1—(1.0
BO
. Bof
1+j— 1 >
fo fB NT
> f, = f—T: Tan sb cét beta
0
Tan sb cét f, dwoc dinh nghia la thn s6 ma & dé bién do
cua do lgi dong CE la 1.
fT . fu
Cha y: Hién nay BJT c0 f; ~ 25GHz
HBT co f; ~ 175GHz 10
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Tinh f; tir md hinh tuong duong tan s6 cao
1 .= —sC))¥
— |1 SC;, -
C
&nVz r
E
T(@)=—
1+(—)
)

1

Tan sb -3dB Wp ="~
(C, +Cﬂ)rﬂ

Hién nay BJT c6 ft~ 25GHz

T

l,=——f ——
® (r,/liCc,lIC,)

h, _le 9, —SC, HBT c6 ft~ 25GHz
“ 1, Yr +s(C,+C,)
hfez1+s(c?m:fc )r :1+s(cﬁic Y 1
- T CI = TCI
Ihz.| (dB) h, = I_c = B = 1
A I, 1+s(C,+C)r. l+s/o,

_ ¥
o 20l0g /8 —2010g {1+ (@, [@,)? =0
—6 dB/octave ﬂ = \/]W

—20dB/ decade
or o, f>>1

-

“ o lgses) | Bang thong db loi don vi

Srd

2 z(oﬁﬂ =

] Cﬂ+Cﬂ
"\ f B gm
=—r
27r(Cﬂ+Cﬂ)

12
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5.6.2 Hoat dong chuyén mach cta BJT

® BJT c6 thé hoat ddng nhw mét khoa (cong tac) glwa trang
thai dong thap-ap cao va trang thai dong cao-ap thap.

® Trang thai tat (pFF) twong ng véi ché dp tat cia BJT, tréi
lai trang thai dan (ON) twong wng v&i cheé do bao hoa.

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

+VCC
I:QL
RS
Vin
13
Vin Vl
t, = thovi gian tré
E £t = thoi gian 1én
vV t = tr_\Ab’l gian xa
2 | | | dién tich chira
s 1y ; t, = thoi gian xuéng
t
IBZ / : ton:td+tr
| : | toff = ts + tf
C Ict : ;
14
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® Khi dwa vao dién ap V, , dong nén Iy, dwoc cho béi:
IBl = (V1 -V /RS

BEsat)
® Khi xung vao bi chuyen sang tat va dién ap vao giam xubng
gia tri am V,, dong nén cé tri sé mai:

IBZ = (Vz _VBEsat)/ RS
® Dong nén gilr nguyén gia tri nay gan nhw trong toan bé thoi
glan xa dién tich chira, nghla la, khi phan bd hat dan thiéu
sb trong mién nén van con twong rng VO ché do b&o hoa.
Sau thoi gian xa dién tich chira, phan bb hat dan thiéu s

chuyén sang ché d tich cwc binh thwérng cla né.

15

® Sau t = 1, dién ap emitter bat dau giadm va
l,=(V, -V, )/R,=1,=0 when V,_ =V,
® Thoi gian xa dién tich chira la mét trong nhirng thoi gian
quan trong nhat lam gi&¢i han toc C[C) chuyén mach cua BJT.
bé wdc lvong thdi gian nay, ta thay rang BJT bi lai vao béo

hoa khi
c = (Vcc _VCEsat)/ RL zVcc / RL
®© Tw do, BJT bi lai vao bao hoa khi
V
21, > o

L fe
® MGt khi bao hoa, dong collector 1a I.=V./R,. Trong lic xay
ra xa dién tich chira, dong collector gitr gan nhw khéng dbi
cho dén khi BJT vao mién tich cwc. Thoi gian xa diéntich
chtra (storage time) la th&i gian cin cho dién tich trong
mién nén Q,, gidm xudbng gia tri cta dién tich Q,, twong
&ng v&i ché do tich cuec. 16
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® Khi BJT & ché d6 tich cuwc , I gidm theo thai gian. Hiéu sb
cla dong nén & ché dd bao hoa va tich cuec la:

Al,=1,-1,=1,-V./(hR)
® T phuwong trinh diéu khién dién tich
I, =AQ, /7. +dAQ, /dt
nguwoi ta co thé wéc lwong thdi gian xa dién tich chiva 1a:
T,=T In{lbl_lbz}
) y Iba - Ibz
® Khi t > 1, phwong trinh diéu khién dién tich tré thanh:

I, = Q +% — Q, = Agqn_ We"="" /2

7 dt
17

nl

Khoéa dién t dung BJT

A
:

( Load Load Load
= = - _V((i = V(‘(J Ve

(byv; =0 ©) v, ==V,

+Vee Vee

| Load | | Load | | Load |

b)v;=0 ©u =YV

(a)

18
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BJT switch using a PNP transistor.

_ Load Load Load
=Yg —Vec o =Vee
(a) (byv; =0 () v, ==V,
19
SWITCHING DELAYS IN A BJT (1/2)
Vee=5V
SWITCHING
CIRCUIT
1kQ
OUTPUT EXAMPLE PARAMETERS
o Volt)
Vge(on) =07V 1z =01ns
Vge(sat) =08V Tgr =10ns
Vep(sat) =01V g =12mns
I Cfe’o =0.5pF Cjca =0.2pF
b, =09V b, =07V
m, =050 m, =05
20
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SWITCHING DELAYS IN A BJT (2/2)

5V
v; INPUT VOLTAGE
0
I I
] ]
] ]
: : OUTPUT
~ | I Is s VOLTAGE
50V : p :
i
v, 0 i :
l l 0 0.1V : I
\4 13 /
Minority
charge in the
base
Base Base Base Base Base Base

MINORITY CHARGE INJECTION |

| MINORITY CHARGE REMOVAL

ImpoRTANT 1ssUE: Avoid going into deep saturation.

21
Emitter Base Collector
s,
<
Minority l"‘a,,.
carrier Qg o
g 8
concentration «9(."}/ l,,,‘a’.
e
B Qc ‘%
Qy : excess charge stored in a forward-active transistor
Qp, & Q. : extra charges stored when transistor is biased in saturation
The Schottky clamped transistor Ky higu
C
B * Reduce the storage time collector
Ne * Increase the switching speed i
emitter
E 22
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Schottky transistor

The Schottky diode is a majority carrier device,
which means its transient response is much
faster than that of bipolar devices.

The properties of the Schottky diode are used to
speed up the response of the BJT.

The metal makes an Ohmic contact to the base,
but forms a Schottky barrier on the collector.

— When the transistor is in cutoff (or active) mode, the
base collector and the Schottky diode are reverse
biased. The Schottky diode thus has no influence on
the device.

— When the transistor starts to go to saturation, the
diode becomes forward biased and the voltage
across the base-collector is clamped to the forward
ON-bias of the diode.

23

Schottky transistor

The turn-ON voltage of the Schottky diode is much
smaller than that of the base-collector junction. The
diode allows the excess base current to pass through it.

The device will therefore not go into saturation mode
and the extraction of the excess charge becomes fast.

The device can now be switched in a much shorter
time.

The faster switching of the Schottky-clamped device
arises from the time needed to remove saturation
charge during device turn-OFF.

The Schottky transistor is an important component of
the non-saturated bipolar logic and is used in

applications where speed is important.
24
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Schottky transistor

*MOTIVATION: Do not let the transistor
go into deep saturation during switching.

Al
5 2 .y
g AR s,
o—- n
B

P
n
E

« Collector-Base reverse biased

Al makes an ohmic contact to
3 o s the p-type base and a Schottky
.E_chor(;k) diode is reverse contact to the #-type collector
iase

« Collector-Base forward biased 1 SC}i‘ittky diode
Schottky diode turns ON ”/
and collector is bypassed

@)
2

™

Base-collector diode
Schottky diode is turned ON at a

voltage smaller than what it takes _/
the CBJ to be in the saturated mode

4

25

2. Mb hinh tin hiéu nhé (dung cho ché do

5.7 Cac mo6 hinh cuaa BJT

1. MO hinh tin hiéu Ién
— MO0 hinh Ebers-Moll
M6 hinh Gummel-Poon

khuéch dai, tin hiéu nhd)

CuuDuongThanCong.com
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MO hinh tin hiéu I&n

The Models of NPN Transistor

i 5 FORWARD . =
NPN CUT-OFF sl SATURATION
BE OFF ON ON
diode
B OFF OFF ON
diode
ELE . . Vac< Vao(FA _
228 Vm<vmEa) | Ve VEED Bela > Ic
g: = % Vpe< Vac(FA) (Ie>0: 1 > 0) frls > Is

B ‘i>c cy CT
_ Vec @EFIB ¢Ic
- R P T
2 BO VEe(FA) #L; VEs(SAT) |VCE(SAT)
£ N Vae Ro_{ — B
lE ] - $1E T’ TIE
) N EO . E
OFF ON SAT 27
M@ hinh tin hiéu lén cua BJT — NPN (ché do Kb)
[&
B
(b)
Bo——— -
Dy
B UsiB) Bis
E
(c) (d)
28
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»Device Operation:

2.3 The BJT as an Amplifier

Operation in the Active Mode
(for Amplifier Application)

Conditions:
1. EBJ Forward Biased

2. CBJ Reversed Biased

Current-Voltage Relationships

Uge> Vigon: Veeon =05V

Typically, vge = 07V

3% Ve Vocw=04V
= vep203V

v
E

: s
B .=l

Vgs > Viepon: Vepn =05V
Typically, vgg = 0.7V
Uep S Viepons Vepn =04V

= U203V

v/ V
i en’Vr
B .=l

= Piy
< ic = oig

< a:EiLl

< e

29

Large-Signal Equivalent-Circuit
Model (Including the Early
Effect)

: I\ vse/Vy
i = ()
g V 7
o= 114 e
Vi
>
7

v
ry=V/(Uge ™

e ("x’)("m Yy
B = il
B

: vgs/Vr E
< 11 )
hait Vil

.
s’ Vr
)

i
r, = |Va|/(ge

30
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»The Common-Emitter Operation: o _
Cutoff —H‘ A“”;f i<—Sammnun —_—

|
¥ |

/ Slope = A

i Time
Vee

Vo =Vce =Vee —Relc

= VCC - RclSeVINT

aSVce = VCEsat

VCC _VCE,sat

I =]
C,sat R
C

Time

(b)
Figure 5.26 (a) Basic common-emitter amplifier circuit. (b) Transfer characteristic of the circuit in (a). The
amplifier is biased at a point Q, and a small voltage signal v; is superimposed on the dc bias voltage V. The
resulting output signal v, appears superimposed on the dc collector voltage V.. The amplitude of v, is larger than
that of v; by the voltage gain A,

31

As the collector current (neglect the Early effect)
o = |SeVBE/VT
then
Vo =Vce =Vee —Reic
=Vee —Relge"™T
The Amplifier (voltage) gain is

=0 7_i(|SeVBE/VT)RC

That is, the output signal is 180° out of phase relatvie
to the input signal. The maximum available voltage gain is

VCC - VC,sat ~— Vcc

AV, max

32

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

16


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

»Graphical Analysis of |-V relationships:

*Need both iz — vz and i, — ve plots

Load line

1
Slope = 7’?3

Load line

1
Slope = —-

0 iy = Iy

Vee Vee

33

1
Slope = 7R73

Instantaneous load lines

Almost linear

Time

Vie

e \E

Time Time

(a)

|
Sk e
AL

Figure 5.30 Graphical determination of the signal components v, iy, i., and v., when a signal component v; is

superimposed on the dc voltage Vg (see Fig. 5.27).

Ic Time
| SAA"
iy F—————— L S— . § -
\ I
|
|
0 + , -
} Vee " Vee Uck
|
|
i Yo
|
i
Time
(b)
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»Operation Point Optimization:
Voltage Clamping / Distortion / Voltage Swing

ic
Load-line A
iﬂ = iﬂl
Q4 I
2]

‘ ! ini

|
| |
Il 1

Ve Vee| Ve .
AElQn / (‘L‘Q* cc Yo
Load-line B

Figure 5.31 Effect of bias-point location on allowable signal swing: Load-line A results in bias point Q,
with a corresponding V¢ which is too close to V. and thus limits the positive swing of v .. At the other
extreme, load-line B results in an operating point too close to the saturation region, thus limiting the negative
swing of vee.

35
»Small-Signal Model Development:
The above analysis suggests that for small signals
Ve << V7
the transistor behaves as a " voltage controlled current source"
with the transconductance g,,,.
Output Resistance :
Ideally, the output resistance is "infinite".
Due to the Early effect, the output resistance is finite.
The output resistance r,, , as we know, is
\Y
r,=—2
Ic
36
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Base current and | Input resistance | at the base :

. i .
The total base currentig = EC that is,

The small - signal input resistance, denoted as r, is
Vee _ B __ B M

"oy dm (cVp) g

dig | Vy

beJ _E.

On the other hand, r, = (

37

Emitter currentand the Input Resistance at the Emitter :

The total emitter currentig is

i lc i .
=C=-CiC_|+ig

o o o

That s, thesmall-signal emitter currentis

A P P le

l,=—=—"V =—V

e o OtVT be VT be

If we denote a small-signal resistance between base

and emitter, looking into the emitter, by r, it can be

defined by

E&(:ﬂ)zﬁzizi

e
le —lg IE Im  O9m

38
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Since  Vpe =iply =lele

thus we have r, :!—ere =(B+1)r,
Ib

Voltage Gain : (small-signal)
The total collector voltage v is

Ve =Vee —icRe

=Vee —(Ic +ic)Re

=(Vec —IcRe) iR =V —iRe

The smallsignal voltage v, is

Ve = _icRC = _(gmvbe)RC = _(ngC)Vbe
Thus the voltage gain of thisamplifier A, is

Y IR
A Eic:—g RC - __C*C
Y Ve " VT

39

»Small-Signal Models: Hybrid-r Model and T Model

*From the above analysis, we find that we can separate
the signal and the DC quantities to simplify the analysis.

[ Hybrid-r Model ]

SmTbe

(a) (h)

Figure 5.51 Two slightly different versions of the simplified hybrid-z model for the small-
signal operation of the BJT. The equivalent circuit in (a) represents the BJT as a voltage-
controlled current source (a transconductance amplifier), and that in (b) represents the BJT
as a current-controlled current source (a current amplifier).

40
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Note: both models can be viewed as
(a) voltage-controlled current source, and

[ T Model ] (b) current-controlled current source types.

(a) (b)
Figure 5.52 Two slightly different versions of what is known as the T model of the BJT. The circuit
in (a) is a voltage-controlled current source representation and that in (b) is a current-controlled
current source representation. These models explicitly show the emitter resistance r, rather than the
base resistance r  featured in the hybrid-rm model.

41
» Steps to doing small-signal analysis:
1. Determine the dc operation point (for a given 3)
and get the DC collector current 1.
2. Calculate the parameter values of
On=iC; =L o
VT Om IE Om
3. Eliminate the DC sources by
Voltage source = short circuit
Current source = open circuit
4. Replace the BJT with one of its small - signal model.
5. Analyze the resulting circuit to determine the
required quantities, say, the voltage gain
Ay =—0mRc
42
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Ex 5.14: Assume (3=100.

*Obey |Vge[=0.7V

in active mode.
3
A 100 kQ2

—
0.023 mA

Vee = +10V

Re =3k

Rz = 100 kQ

o

— Ve =3V

(a)

Find the small-signal voltage gain v /v,.

10V
g =1C Z23MA Ay
2.3 mu mENL -
\l . VT 25mV
31V n=£:@=1.09K§2
Om 92

Ve = — v, =0.011v,
lj:if;:.\ I +Rep
Vo = —OmVpeRc =—3.04v;

(b)

Ry = 100 kQ
M-

43

»Small-Signal Model accounting

_VA+VCE N

0
Ic

(a)

voltage-controlled current source

for the Early Effect:

Ya ()

Ic

current-controlled current source

44
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Model transformation

Hybrid-n model T model

45
. . ,
AC Emitter Resistancer’, or r,
,  25mV
I, =
IE
where r’, = ac emitter resistance
I = the dc emitter current, found as V. / R for
example.
46
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Graphical determination of ac emitter
resistance.

M| o

E
\/
r! _ AVBE
Q\1 ° Al
AIE /\\/ :3
Vv
AV AV > Vee i
The determination of ac beta.
IC
A
_Ale 1o
Pec Alg i,
N _______(_2_ | hee = dc beta
C |
| h;, = ac beta
_______ =
[ |
[ |
[ |
| > |
«—> B
Alg
48
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Cac dai lwong AC
trong bang div liéu
Bén tham sé h truyén théng:
« h, 12 dd lgi dong AC (méc CE)

e h,=r_laténg tré vao (mac CE)
¢ Bac = hfe
* re, = hie/hfe

h,, vah, khoéng can cho cac thiét ké
co’ ban va troubleshooting

49
MO hinh pi hon hop
Ve LY. N > Y
(tin hiéu nho) cua BJT
it -5 H® dn:
X y c 401
Uhe Tz 8mVbe o Ve gm = = C
; ; VT
i E Pién tré vao (hay hy):
A s .- . BV B
« M0 hinh tin hiéu nho pi- =T e
hon hop la biéu diéntans6 E /hm
thap cua BJT. bien ro " ( i 1hee)
e Céc tham s6 tin hiéu nho o=~ CE
bi diéu khién bai diém Q. c
vai V, 1a dién ap Early
50
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The Hybrid Equivalent Model

I
1 O3
1

1" O—

Two-Port
System

]2
<20 2
2

402'

Hybrid model is derived from two-port system.

51
Six Circuit-Parameter Models for
Two-Port Systems
Insaeﬁzgldeesnt D\Zfr?:ﬁggt Circuit Parameters
(P Vi, 'V, Impedance Z
Vi, V, (P Admittance Y
Vi, |, 1, V, Inverse Hybrid g
1, V, \7h Hybrid h
vV, 1, Vi Iy Transmission T
Vi, Iy Vs, 1, Inverse Transmission T’
52
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Equations for Hybrid Model

V1 - hllll + hlZVZ
Iz = h21|1 + hzzvz

LetV, =V, I, =1,V,=V,and |, =1,.
Then

Vi = hllli +hlZVo
Io = h21|' +h22Vo

53

Equivalent Circuit for

Hybrid Model
JITTTTTTTT T ]

1 O Lo 2
+ b | +
v * Y h v
_1 : hrVo > < ]Il 0 : -0

1 O— —O 2

Vi = hllli +hlZVo = hili +hrVo
l,=h,l.+h, V. =hl. +hV,

54
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h-Parameters

Vi _Vi
i 1, |V, =0 hlz_vo ‘I,:O
| |
h.. =—2 h.. =%
21|V, =0 SRVA ‘I,:O

.= Input Resistance
= Reverse Transfer Voltage Ratio
. = Forward Transfer Current Ratio

55

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,, =h.i, +h. Vv

re - ce

i =h,i, +h v

oe " ce

56
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Hybrid Model for
CE Configuration

i T

7 ..
h, =—" (output shorted) h,. =— (input open)
I, Vee < May be
i vV neglected.
h, == (output shorted) h, =-2 (input open)
Ib Vce
57
h-parameters of 2N3904
<1OD Vee=5bV
E f=270Hz
e)
'5 hoe
H ’//
N 10 /
<
= -
% N hie y./.40
P \\\ /?’ I }II
5 \\ hfe
= 1
u ~ Ta=25°C
2 A le=1mA
© D4 AN me=%f14kﬂ
e:
. N hre=5.03 x 10
< 0.1 hGe=558H8
0.1 1 10 100
COLLECTOR CURRENT : I (MA)
Fig.15 h parameter vs. collector current 58
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Hybrid Model without h,, and h_,

hfe :ﬁac

hie = (hfe +1) re, = hfe re' = Zin(base)

59
Determining h-Parameter Values
Use geometric means if given max. and min.
values.
he = \Meeiny % Mie(maxy
hfe = hfe(min) X hfe(max)
60
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Typical amplifiers

VCC
ﬁg
Rf

AV
R N Op-Amp Based

/ Amplifier
¢
-V

VC C

JFET
Amplifier

BJT
Amplifier

= = = 61
General amplifier models.
ZOut
O—— — \VWA——o0
Vin ;Zin AT Vout
o——— ————0O
O——— O
vin § z. AP Z.., Vout
Oo———— O
62
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Gain symbols.

Type of Gain Symbol Relation
v r ]

_ VOUI
Voltage A, =

in

iOUI

Current A =

in

P
A — out

Power A, P P

63
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.
400uV—_ b —250mV
v 250mV
A =0t — SOmV'_ eo5
v,,  400pVv
64
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Voltage amplifier model.

S Zout
O——
+

S vin gzin <t> Avvin

+0O

<
Py

T

S 65

Combined effects of the input and
output circuits

R S Zout

20Q 2500

+ +
VS V. Zin Vv V, F2L
15mVv "in 9800 i L 1.2kQ

A,=340

V, =V # — (15mv)% VL — Vout L — ( ) 1.2kQ
RS aF Zin 1kQ Zou’( + RL 1.45kQ
—14.7mV =4.14v

v, = AV, =340x14.7mV v, 414V

=L -7 076
—5V Ao Ve 15mV

66
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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

67

BJT Amplifier Configurations

o Common-emitter (CE) amplifier
» Common-collector (CC) amplifier
» Common-base (CB) amplifier

68
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Property ranges

Property Low Midrange High
- v |
Gain <100 100-1000 >1000

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

69

Common-emitter (CE) amplifier

*Midrange values of
voltage and
current gain.

High power gain

eMidrange input
impedance

*Midrange output
impedance

70
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Common-collector (CC) amplifier

Midrange current gain.

*Vee

«Extremely low voltage gain
*High input impedance

*Low output impedance

71

Common-base (CB) amplifier

= Midrange voltage gain
» Extremely low current gain (slightly less than 1)
e Low input impedance

* High output impedance
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A comparison of CE, CC, and CB
circuit characteristics

Midrange

Midrange

Midrange

<1

Midrange

High

Midrange

BJT Terminal Connections

Type Emitter Base Collector
v |
CE Common Input Output
(ole Output Input Common
CB Input Common Output
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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

75
o Cac lop hoat dong e
IC IC
ISAT

Class A: Li earﬂ ﬂ ﬂ t t
Class B, AB: I._|near* (Complementary) Cac hoat dong 16p A, B, va C (phan loai theo
Class C: Nonlinear (RF, Tuned) _ dang dong collector trong 1 chu ky) 76
Class D and E: Switching (Linear Audio)
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Class A Amplifiers

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

Maximum theoretical eff.: 25%

Distortion: Little (subject to
nonlinear distortion.)

—

Load

§R1

VCC

RC

Q, |
% R —=—

77

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

Maximum theoretical eff.: 78.5%

Distortion: Little. Crossover distortion
iS most common.

78
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Class C (Tuned) Amplifiers

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

Maximum theoretical eff.: 99%

Distortion: Mild to severe.

79

Decibels (dB)

A, =10log A, =10log %dB

in

dB Va
3 2 3 1/2
6 4 6 1/4
12 16 12 1/16
20 100 20 1/100
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dB gains are additive

Input Output
I A,=20dB A,=6dB T
A= 26dB

81
The dBm Reference
P
A em =10 Iogm
dB Voltage Gain
2
A, s =10l0g % ~10log %R—z _ 20l0g Yot +1010g e
in out Vin in A
Aoae) = Avusy = 20109 A, = 20|Og% (Rout = Rin)

82
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D@ liéu cha 1 s6 BJT théng dung

Table 5.9 Bipolar transistor parameters

Parameter

Meaning

I max.
Vero max.
Veso max.
P, max.
e

Dy

i max.
Jigg min.
e

Hoe

P

Jityp.

The maximum value of collector current

The maximum value of collector—emitter voltage with the base terminal left open-circuit
The maxinmum value of collector—base voltage with the base terminal left open-circuit
The maxinum total power dissipation

The large signal (static) common-emitter current gain

The small signal (dynamic) common-emitter current gain

The maxinmum value of small signal common-emitter current gain

The minimum 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)

83
Table 5.10 Characteristic of some common types of bipolar transistor
Device Tvpe Icmax. Vegomax. VFepp max. P, max. Nse at Ie fityp. Application
BC108 NPN 100 mA 20V 30V 300 mW 125 2mA  250MHz General purpose
BCY70 PNP 200 mA —40V =S50V 360 mW 150 2mA 200 MHz General purpose
BD131 NPN 3A 45V n0v 15W 50 250mA 60 MHz AF power
BD132 PNP 3A —A45V —A5V 15W 50 250 mA 60 MHz AF power
BF180 NPN  20mA 20V 20V 150 mW 100 10mA 650 MHz RF amplifier
2N3053 NPN 700 mA 40V 60V 800 mW 150 50mA 100MHz Driver
2N3055 NPN 15A 60V 100 V 115W 50 500 mA 1 MHz LF power
2N3866 NPN 400 mA 30V 30V IW 105 S50 mA 700 MHz RF driver
2N3904 NPN 200 mA 40V 60V 310 mW 150 S0mA 300 MHz Switching

84
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5.8 Cac BJT khéc

Darling ton Transistor
Polysilicon emitter Transistor

Heterojunction bipolar transistor
(HBT)=transistor lwéng cwc chuyén tiép di the

Phototransistor = transistor quang

85

5.8.1 Cau hinh Darlington

Lam cho d6 loi dong B rat cao,
thudng dung trong cc mach can
dong I cao (nhiéu Amperes), va ta
muén diéu khién n6 vai dong nén
nho. Va B ciing lam cho dién tro
Vao cao.

Ta c6 thé ndi 2 BJT réi thanh 1
transistor Darlington hay mua loai
ngudi ta da ché tao san.

Vi hinh trén ta thay rang quan hé giira I, Va I, 12 1.,=plg, V6i

B=Bp,

Vge tuong duong la 2xVgy ( 1.4V) va Vg, 16n hon (thuong thi

~1V).

86
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Céu hinh Darlington (2)

\ Equivalent Circuit

C
> (o]

B
K *
1 TO-3P
1.Base 2.Collector 3.Emitter N VWA
R1 R2
[e]
TIP-141 Rl =8k0 £
R2=0.12kQ

Vi dé c6 tde do chuyén nhanh va dé bao vé BJT, trong d6ng goi
san cua BJT Darlington thuong c6 céc dién trg va diode.
Darlington tiéu biéu 1a TIP140 cd thé 1am viéc véi 10A, c6 do
loi dong cao B it nhat 1000.

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

87
TABLE 6.1. SELECTED BIPOLAR POWER TRANSISTORS
Vceo o fr Cet®  Paiss Ty
max max hge @ Ic min typ (Tc=25C) _@_,c max
npn PNP Pkg® (V) (A) typ (A) (MHz)  (PF) W) (cw) (O Comments

Regular power: V¢g(sat) = 0.4V (typ): Vgglon) = 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 plastic, 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: V¢g(sat) = 0.8V (typ); Vgglon) = 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: small plastic pwr pkg (TO-126). B- large plastic pwr pkg (TO-127) ®) ¢, (npn) at Vge=10V; Cep, (PNp) = 2Ccp (Npn).

88
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5.8.2 Polysilicon emitter BJT

OJ[:E
+ <ili
’—‘\ J’j n” polysilicon Metal n*-silicon
‘ Al r'd ‘ n*-poly emitter p-base
| ‘ Si0, emitter
o
p-base

n-collector
< Simplified cross section of
an npn polysilicon emitter BJT >

Diffusion current must be continuos across polysilicon/silicon interface.

—~ D d(6pE(plu_\')) = d(spt(n*J)

E(poly) dx }:(n+] dx
d®Pr i) = DE(ﬂ*) d(ﬁpz(m) (D >D )
dx DE(Pol_v) dx E@m®) E(poly)

e PET dwoc dung IC
89

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
E [

Y

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

Chu y: HBT dworc dung cac tng dung tdéc dé cao/tan sé cao 90
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+V

5.8.4 Phototransistor (transistor quang)

cc
. tVee “Vee
% js c C
RS c
B
§ n-p-n N p-n-p
Yo
E E
(a) Photodiode—transistor (b) Phototransistor (¢) Phototransistor
amplifier without base with base connection
connection
91
Window
. Base
Emitter
Collector
92
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Phototransistors

Photodiode v&i mach KD (transistor)

Anh sang chiéu vao tiép xtc B-E (Jp).
Dong Collector | 1a ham tuyén tinh cla sy
t&i bl xa (gia st B=const).

Dai tuyén tinh thi hep hon nhiéu so véi
photodiode hay quag tré.

Pac tuyén | theo V. dwoc vé theo cac
bwdc cla sw t&i blre xa.

« P& nhay cla phototransistor (RE) tét hon
photodiode

93

Phototransistor

« Khdng nhanh bang Vec
photodiode.

« St dung nhw R,
transistor, ngoai trw § —

khéng can dong nén.

94
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TD: P&c tuyén clia phototransistor

ip (MA) —

I=4 mW/cm?

1=2 mW/cm?

v
<

/=8 mW/cm?

95
Phototransistor
e Intrinsic gain
- Photocurrent
is base g
current
|cJ, R
T*VCE
Position Ideal Actual
"OFF" Postlion Ve Vee - Ry lpare)
"ON" Position 0 Vee(san
Note that Veesam > Versansz:
9
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