4. Bipolar Junction Transistors

4. Bipolar Junction Transistors TLT-8016 Basic Analog Circuits 2005/2007



4.1 Basic Operation of the npn Bipolar Junction Transistor

Collector
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n—type

Base 00— p—type

n-type
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(a) Simplified physical structure (b) Circuit symbol

Figure 4.1 The npn BJT.

npn BJT consists of thin p-type layer between
two n-type layers;

Layers: emitter, base, collector;

Two interacting pn junctions: emitter-base and
base-collector;

Emitter region is doped very heavily, compared
with the base region
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Basic Operation in the Active region
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Figure 4.2 An npn transistor with variable biasing sources
(common-emitter configuration).

Shokley equation for the emitter current

V
s BE
VT

4.1)

[.¢=1012 . 10-"7A — saturation current

V,=26mV — thermal voltage
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Figure 4.3 Current flow for an npn BJT in the active region.
Most of the current is due to electrons moving from the emitter
through the base to the collector. Base current consists of holes
crossing from the base into the emitter and of holes that
recombine with electrons in the base.
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First - Order Common - Emitter Characteristics
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Figure 4.4 Common-emitter characteristics of a typical npn BJT.
Amplification by the BJT Factors Affecting the Current Gain
In Figure 4.4: If iy = 30pA, i = 3mA — 100 times * Doping of the emitter area compared with the
more . base area
l . .
p=-X (4.2) | * Base region should be thin;
Ip .
* Geometry of the device

B - common-emitter current gain.
Typically =10 .. 1000
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Device Equations

=ic+tipg

a—lC

g

o - common-base current gain.
Typically a = 0.9 .. 0.999

ic = aIES{exp[VBEJ 1}
4

IS — scale current

I
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Solution:
Example 4.1 Using Device Curves to Determine For example:
aand at vo,=4 V and i,=30 pA; i =3 mA;
Determine the values of oo and B for the transistor B = ic _ 3 mA ~100
with the characteristics shown in Figure 4.4. ip 30 uA4
a= i =0.99
L+1
g 1 Al L LTELA B
() &
- 5 fo=50 A
| T=W0 K LRt
& 4 W
} EANTR
A0 || '
) 20 uA
LI} ){ -
__/', [Eh ey
I r (-
{1 B L ™
~=10 tge (VW) M ! v'ep (V)
il .4 k4 ] 1% | &) i I 4 i L] [4] 1
(a) Input characteristic { b Dhontpud characterisiics

Figure 4.4 Common-emitter characteristics of a typical npn BJT.
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Secondary Effects
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(a) Input characteristics
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(b) Output characteristics

Uep

Figure 4.5 Common-emitter characteristics displaying
exaggerated secondary effects.

Upp

Base - Width Modulation

Base-width modulation: the dependence of the
base width from v .
Base-width modulation affects i, and 7.

V,— Early voltage

Collector Breakdown

Avalanche breakdown in the depletion region
of the collector-base junction

Punch-through

Leakage Current

I, — reverse leakage current. Flows from
collector to the base.
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4.2 Load - Line Analysis of a Common - Emitter Amplifier

Analysis of the Input Current
VBB +Vin(t)=Rpip(t)+vpg(t)  (4.13)

Analysis of the OQutput Circuit

Voo = Reic +Vveg (4.14)

i

Ll Dame

iy : ; (e
x B ity
Vg + %y Ky

(a} Input {load line shilts io dashed line for a smaller value of @) () Chutpul

Figure 4.11 Load-line analysis of the amplifier of Figure 4.10.
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Example 4.2 Graphical Determination of Q-point and Peak Signal Swings

Suppose that the current of Figure 4.10 has V=10V, V,,=1.6 V, R,=40 kQ and R-=2 kQ. The
input signal is a 0.4 V peak, 1 kHz sinusoid given by v, (1)=0.4sin(2000 7). The common-emitter
characteristics for the transistor are shown in Figure 4.12a and b. Find the maximum, minimum and Q-
point values for v,

Solution

ig (LA}

. —

vge (V) D
0 0.5 1.0 1.2 1.5 1.6 2.0 {0 2

Figure 4.12 Load-line analysis for Example 4.2.
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Figure 4.13 Voltage waveforms for the amplifier of Figure 4.10. See Example 4.2.

Gain in Example 4.2:
Amplitude at the input: 0.4V
Amplitude at the output

7-5=2V
4 =25
0.4
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Distortion

vegp (V)

10

Saturation
g ’\
2 \\éctive region
0 { (ms)
0 0.5 1.0 L5 2.0 \\

Figure 4.14 Output of the amplifier of Example 4.2 for Cutoff
vin () = 1.2 sin(2000 ) showing gross distortion. | ¥~ Ve (V)
CE
0.2
Cutoff: v,.<0.6Vandi, =0
Saturation region: i, is large and i is not Figure 4.15 Amplification occurs in the active region. Clipping
proportional to it. occurs when the instantaneous operating point enters

saturation or cutoff. In saturation, vcg < 0.2 V.
When transistor enters in cutoff or in saturation,

clipping of the output signal occurs.

4. Bipolar Junction Transistors TLT-8016 Basic Analog Circuits 2005/2007 11



4.3 The pnp Bipolar Junction Transistor

pnp transistor: thin n type semiconductor layer
between two p type semiconductor layers

Basic charge carriers: holes

T Emitter

p

Q Emitter

L

Base O—— n

P Base D—K

ip
| :
Collector O Collector

(a) Physical structure (b) Circuit symbol with reference

directions for currents

Figure 4.16 The pnp BJT.

All relationships between the currents and

voltages in a pnp BJT are the same as in npn

BJT. There are two basic differences:
* The currents flow in opposite directions;

 The voltages have opposite polarities.

ic=aig
iB :(l—a)iE
ic=pip

iEZiC —I—iB

el
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Figure 4.17 Common-emitter characteristics for a pnp BJT. Pay attention that the voltages are negative.
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4.4 Large - Signal DC Circuit Models

ic
{ Saturation region

ir< pig
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(

Active region
Ic=plp

IB=IC'=U

( Cutoff region
|

vop (V)

(a) Output characteristic

ip

Active or
saturation
Iegions

S

-'E--- Cutoff —a{
I

0.5

Upe (“r’)

(b) Input characteristic

Figure 4.20 Regions of operation on the characteristics of an npn BJT.

Active region: 1, > 0; V. > 0.2V
Saturation region: [, > 0; B/, >1.>0

Cutoff region: Vi, <0.5V; V- <0.5V;
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Active - Region Model

& E
npn W
p l,',: , I,
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Bl 1+
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B O = |‘|_ !
0.7V l E J"{
E £
Ip>0 Vee>02V Ip>0 Vep <-02V

(a) Active region

Figure 4.19a BJT large-signal models. (Note: Values shown are appropriate for
typical small-signal silicon devices at a temperature of 300K.)
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Saturation - Region Model

B E
npn Dl L pnp O‘ /
Ig Y
— o2y B O— i‘ll @
— -1+
i, | - 0.7V _;i e
s o—l|—s T
0.7V lfﬁ lrff_
o ®
o C
Ig>0 Blg>I1->0 Ig>0 Blg>1->0

(b) Saturation region

Figure 4.19b BJT large-signal models. (Note: Values shown are appropriate for typical small-signal
silicon devices at a temperature of 300K.)
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Cutoff - Region Model

npn pnp @)

N O—— —00
O-

™

Ve <05V V<05V Vo >—05V Voo >-05V

(c) Cutoff region

Figure 4.19c¢ BJT large-signal models. (Note: Values shown are appropriate for typical
small-signal silicon devices at a temperature of 300K.)
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Example 4.3 Determination of BJT Operation Region

A given transistor has § =100. Determine the region of operation if
(a) Iz = 50pA and I.=3mA; (b) I = 50pA and V. = 5V;
(¢) Vgg=-2Vand V= -1V.

Solution:

(a) I; = 50pA > 0 — active or saturation region;
Bl =100x50x10¢ = SmA > [ . — saturation region.

(b) I = 50pA > 0 — active or saturation region;
Vep =5V > 0.2V — active region.

(¢) Ve =-2V < 0.5V —most probably cutoff;
Vep = -1V <0.5V — this confirms cutoff region.
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4.5 Large - Signal DC Analysis of BJT Circuits

Step 1: Assume an operation region for the BJT and replace it by the
corresponding large signal equivalent circuit.

Step 2: Solve the circuit to find I, 15, and V.

Step 3: Check to see if the values found in Step 2 are consistent with
the assumed operating state. If so the solution is complete;
otherwise return to Step 1.

4. Bipolar Junction Transistors TLT-8016 Basic Analog Circuits 2005/2007
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Example 4.4 The Fixed - Base Bias Circuit

The DC bias circuit shown in Figure 4.21a has
R;=200kQ, R-=1kQ and V=15 V. The
transistor has 3 = 100. Solve for /. and V.

] "Iﬁ

4[: v —op | Ves L—_»g_J 'l'-_]'-

Solution:

First assumption: Cutoff. The equivalent circuit is
in Figure 4.21(b).
I, = 0 — thus the voltage drop across R 1s zero.

Thus Vy = V=15V >0.5V.
The assumption 1s not valid.

= , E TN
l.m__i ¥ L7y F
() Actual corcunl (b} Bguevalent corcinl assumimg (e} BEquivalent circuil assuming (cl) Equivalent circuil assuiming
opermlion in cutodT operticn in saturation operation in the aclive remon

Figure 4.21 Bias circuit of Examples 4.4 and 4.5.
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Second assumption: Saturation. The equivalent Third assumption: Active region. The equivalent
circuit is in Figure 4.21c. circuit is in Figure 4.21d.
_ — V..-0.7 15-0.7
[C:VCC 02:15 032:148mA [B: cc — ; :715|le
R, 1x10 R, 20010
; V=07 _15-07 o le=F1;=T7.1mA
TR, 200x10° " V. =V.—R.I.=15-7.15x10" x1x10° = 7.85V
Bl; =100x71.5x10-°=7.15mA </, 1> 0; V> 0.2V. The conditions are met.
The assumption 1s not valid.
+¥ey +Ve
i h
|'|_..I - i Ir'r o | I,.'r e } Ii.":__l

e

2 .

5’: + —_ 02y
+ [ B -
4':, Ve — o8 Vi frl—} “ +||||_ I
= . f 1 -
Ve | ¥ L7y £
() Actual corcunl (b} Bguevalent corcinl assumimg (e} BEquivalent circuil assuming (cl) Equivalent circuil assuiming
opermlion in cutodT operticn in saturation operation in the aclive remon

Figure 4.21 Bias circuit of Examples 4.4 and 4.5.
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Example 4.5 The Fixed - Base Bias Circuit with
Higher Beta

Repeat example 4.4 with =300.

Solution: First, we assume that the circuit
operating in the active region.

Vee —0.7

Ip = =71.5 ud
B
Io=B1g=21.45mA

Vep=V.o—R.I.=-645V <02V

One of the requirements for the active region
Ver>0.2 'V is not met.
Next we assume that the transistor is in
saturation.
10 =102 1484
e

Ve =07 41 5
Rp

Bl, =300x71.5x107° =21.45mA >14.8mA

Ip

+V¥ey +ee
_ '~
F¥ iy k¥ F¥iy F¥o
i R
R g l'rc'
R, § R_.,g
R g Ry
i ] e O
l'r’. i
i — 2V
B ( B e
R P T
i T : I e
Vo 'i- y 07V L
() Aciual circunl (b Equovalent corcunt assuming () Eeuivalent circail assuiming (b Eaquivalent circuit assuming
operation in cuicdl Opsrlion in saiuration oiperationm im the sclive region

Figure 4.21 Bias circuit of Examples 4.4 and 4.5.
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Analysis for the Four - Resistor Bias Circuit

+V
cc 1
| & B 1/R1+1/R2 1” 2
Vee i_; l =
= |
|
| RE R2
» % VB = R vk, CC
— —l— . 1 2
(a) Original circuit (b) ]:j",qll;lri\:;alle‘nl ci‘rclu;t sll-n(‘)\‘:\-i?g;cpamte
collector circuits VB — RBIB + VBE + RE[E
Ig=(B+1)ip
Ry B Vm Vi = Ip= Ve —VBE
" I _ Rp+(B+1)Rg
Vi =
) Vee =Vee —Rele —RglE
ic) Circuit using Thévenin equivalent id} Equivalent to part ic) with active-region
in place of Vo, Ry, and R, transistor model

Figure 4.28 Four-resistor bias circuit.
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Discrete Bias - Circuit Design

The principal goal of bias circuit design is to
achieve nearly identical operating point for the
BJTs, even though the BJT parameters may vary
significantly from unit to unit.

In the design usually are given the supply voltage
V- the collector current /. in the quiescent point
and often V', in the quiescent point.

The design steps are:

1. Choice of V4, 1f 1t 1s not specified. A good

choice is v

2. Determining of the voltage drop V' across R
and the voltage V. — V., which is across R.. A
good choice is

Ve =V,
Ve =Vee =Ve = =

2
3. [lec/ﬂ

4. Choice of the current /, to be 7, = (10..20)/,,.

5. Since [, = (B+1)I; ~ 1
R, =V, /1, =V ]I,

6. Vy=V,+ V=V, +0.7

7. R, = VB/]Z
R, :(VCC _VB)/(IB "']2)
R, :(Vcc _VC)/]C

v v+
AN -
B r—
Vy .—I:TJF , A/VCE = Vec
| VBE_,; - VE
|
I
ﬁ Rz RE I
v

Four-resistor bias circuit.

4. Bipolar Junction Transistors TLT-8016 Basic Analog Circuits 2005/2007
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4. Bipolar Junction Transistors

How the circuit stabilize the quiescent point?

Assume that the emitter current /. 1s increased, due to
some reason. Then

 Emitter current /, is increased also, since [, = I ..

* V increases since Vi, = IR,

* [, 1s at least 10 times more than 7. It is the basic part
of the current through R,. Thus the both currents are

stable and depend very weak on the variation of the
currents in the BJT.

* The stable currents through R, and R, define a stable
voltage V.

* Vyr = Vy - Vi and the increasing of V', decreases V.

 Smaller V,;, means smaller base current /, (see the
input characteristic in Figure 4.4).

* [ = Bl and the smaller base current returns the
collector current to its initial value.

TLT-8016 Basic Analog Circuits

|
1 c< I,
v
V +
A= A
V ||
T—|— I:; ‘/CE —_
VBE\J; B VE
|
Rz RE I,
v

Four-resistor bias circuit.

2005/2007
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Problem D4.39. Four-resistor bias circuit
design.

Suppose that V=20V, R.= 1k€, and a
quiescent point of /., = 5SmA is desired. The
transistor has 3 ranging from 50 to 150. Design a
four resistor bias circuit. Use standard 5%-
tolerance resistors.

Solution:

Since R 1s specified we can determine the voltage
drop across it and the voltage V.

Vee =Ve =1pRe = 5x107° x1x10° =5V
V.=20-5=15V
V.=V, =V./2=15/2=7.5V
Ve=V,+Vy =75+0.7=8.2V
To determine /,, we take the smallest value of .
In this way we will determine the largest value of

I, and the largest value of 7,. If 8 1s higher, the
condition for 7, will be also satisfied.

I,=1./p=5x10"/50=100pA
I, =101, =10x100x107° = ImA

4. Bipolar Junction Transistors

TLT-8016 Basic Analog Circuits

R, =V, /1, =7.5/(5x107)=1500Q
R, =V, /I, =82/(1x107)=8.2kQ
R, = (Vcc _VB)/([Z +[B)
=(20-8.2)/(1x107 +100x10*)=10.7kQ2

The 5%-tolerance standard values for the resistors
are R, = 1.5kQ, R, = 8.2kQ), R, = 11kQ2.

| |
L+, R1 RC 1.
v \4
Ve 3 +
e N 7 ;
Vs ‘TK L —al e
- / -
| VBE\J? B VE
|
L R R
v2 2 E> I,
\/
Four-resistor bias circuit.
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4.6 Small - Signal Equivalent Circuits

Small - Signal Current - Voltage Relationship

(1 a)IES{BXP( IZ/?EJ 1} (4.28) ]BQ + ib(t) = ]BQ(l + vl;;t)j
T
v, ; (1)~ Vhe(t)
Igg +ip(t)=(1-a)lgg exp[ BEQ;T% (f)j (4.29) () Iy
Vg 7 JV—T
Ipo+ip(t)=(1-a)lgs exp[ ViQ jexp(b;—T(t)) (4.30) o
Py
v =
"
o VBE CQ
Ipg =(1-a)lgs exp[ v, j (4.31) ()= pinl0)
]BQ +ip(t)= [BQexp(vb;;t)j (4.32) ICQ"'ic(t)::B]BQ"'IBib(t)
exp(x) = 1+x (4.33) ie()=pip(0)
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Small - Signal Equivalent Circuit for the
BJT B o ~—»¢

0= 0 o .
) !
g, = v (4.41) (@) -
I
Ico S, .3

Em=y, (4.42) B o - S
Ve (t)=r.i, () and i(t)=g,v,(r) 7 2~ Sl

5] E

Exercise 4.19 At room temperature, a certain
transistor has B=100. Compute the values of g, and
r,for I.,=10 mA. Repeat for /=1 mA

Figure 4.33 Small-signal equivalent circuits for the BJT.

Solution:

Atl.=10mA: r, = Py = 100)(00_36 =260Q; g :ﬁ:mz385ms
I 10x10 v, 260

Atl.=1mA: r, :'BVT :IOOXO°226:26OOQ; g, =£= 100 ~38.5mS
[CQ I1x10 r. 2600
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4.7 The Common - Emitter Amplifier

+

(a) Actual circuit

Figure 4.34 Common-emitter amplifier.

4. Bipolar Junction Transistors

TLT-8016 Basic Analog Circuits

R, R,, R, and R, ,+R, form the four
resistor biasing circuit;

C, and C, are coupling capacitors;
C, 1s bypass capacitor.

For ac signal the supply voltage is short
circuit.

If R, = 0 the input signal 1s between the
base and the emitter (ground); the output
signal 1s between collector and the emitter
(+V ¢, which 1s ground for ac signal) —
common-emitter amplifier.
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The Small - Signal Equivalent Circuit

+ O

The first step in creating the small-signal equivalent circuit: the

dc voltage sources are replaced by short circuits

i

I

]'|||

RS O
—AAA—o . i
+
+ Ry, Rc v R,
@y, v, RS RS 0
© L 2 L 2 é

The second step in creating the small-signal equivalent circuit
for mid-band region: the coupling capacitors and the bypass
capacitors are replaced by short circuits

T e — . C
AMWN—o ® ® O o—w9
+
+ +
: 2!’.‘ )
o . . .
N _T_ e

(b} Small-signal midband equivalent circuat

Figure 4.34 Common-emitter amplifier. (b) Final small-signal mid-band equivalent circuit.

4. Bipolar Junction Transistors TLT-8016 Basic Analog Circuits 2005/2007
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Voltage Gain

-~ -~
Ry R
{ b}y Small-signal mudband equivalent circut
Figure 4.34 Common-emitter amplifier.
Simplifications:
Rg=R(||R) = : (4.43)
B I 2 1/ Rl +1/ R2 .
R =R, ||Rc = 1 (4.44)
L LURCT R 1/ R, |

4. Bipolar Junction Transistors

TLT-8016 Basic Analog Circuits

4.45
=7, + Ry (IB + l)ib ( )
v, =—R; Bip (4.46)
v R;
A, =—%=— (4.47)
’ Vin Vr + (:8+1)RE1
IfR, =0: A =- PR,
rﬂ'
(AR, >>ry 4= P R
(IB+1)RE1 REl

and the voltage gain doesn’t depend on
BJT parameters.

Open circuit voltage gain (when R, = o)

PRC
Vp + (IB + 1)REI

A =Yo __

Vo
Vin

(4.48)
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Input Impedance

ol

i L L L
-~ -~
Ry By
{ b}y Small-signal mudband equivalent circut
Figure 4.34 Common-emitter amplifier.
_Vin _
Zip =" =1z +(B+1)Rg (4.49)
Ip
V; 1
Ziy == (4.50)
mn . .
lin I/RB+1/Zit

4. Bipolar Junction Transistors
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Current Gain and Power Gain

I A
Aj =% =4, % 451
iy TR (>1)
G =4; A, (4.52)
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Output Impedance

=
el
o

—
=

&)
.
.

{c) Equivalent circuit used to find £,

Figure 4.34 Common-emitter amplifier.

i, = 0 and Bi, = 0. Thus there 1s an open circuit between C and E.

Z,=Re (4.53)
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Example 4.9 Calculation of Common - Emitter
Amplifier Performance

a)FindA4,, 4,7, A;, G, and Z, for the
amplifier shown in Figure 4.35.

b) Repeat part (a) if the emitter resistor R is
split in into R.,=100 Q and R,,=900 Q, with

bypass capacitor in the parallel with R,.

Sof the BJT is 100 and from dc analysis is . PV _100x0.026
found that the quiescent point is /., = 4.12mA S | 4.12x107°
and V.= 6.72V.

Solution:

=631Q

co

1 1
R = =
1R +1/R,  1/(10x10°)+1/(5x10°

=3.33 kQ2
)

. 1 1
R — —
“ VR, +1/R. 1/(2x10°)+1/(1x10°

=667 Q2
)

Figure 4.35 Common-emitter amplifier of Example 4.9.
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a)
4o __ PR _ 100667 _ .
v, v, 631
4 =Y __ PR __100x1x10° _ .
v, v, 631
Z,=r. =631Q
Zin:vm = 1
i, 1/R,+1/Z,
1
1/(3.33x10° )+ 1/631
A=to o g B o 06221~ og
i R, 2x10

G=A A =(-28.1)x(-106)= 2980

Z =R.=1kQ

4. Bipolar Junction Transistors

b) v ﬂRL

A =—0=—
vin rﬂ +(ﬂ+1)RE1
___ 100x667 .,
631+(100+1)x100
A — vo - _ IBRC
v Vin r;r +(IB+1)RE1
3
___100xIx10*
631+(100+1)x100
Z =2 —p +(B+1)R,, =631+(100+1)x100 =10.7 kQ
Ly
z —— 1 ~ : =2.54 kQ
"R, +1/Z, 1/(3.33x10°)+1/(10.7x10°)
. 3
A=t o g fn o 0122V g9
i . x10

G=A A =(-7.89)x(-6.21)=49.0

Z =R.=1kQ

TLT-8016 Basic Analog Circuits 200572007 35



4.8 The Emitter Follower

(a) Actual circuit

Figure 4.36 Emitter follower.

4. Bipolar Junction Transistors

R,, R,, and R are from the four resistor biasing
circuit.

C, and C, are coupling capacitors.

The input signal is between the base and the
ground (the collector, since the supply voltage is
short circuit for the ac signal); the output signal is
between the emitter and the ground (the collector)
— common-collector amplifier.

vil’l - Vbe + Vo

Thus v, >v and 4, < 1. Usually 4 =~ 1 — emitter
follower.

Typical application as a buffer amplifier, since it
has high input impedance and small output
impedance.
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Small - Signal Equivalent Circuit

+ ©

The first step in creating the small-signal equivalent circuit: the
dc voltage sources are replaced by short circuits

+ @

_l’_
@ vs vin Rl 2

© @ L G

The second step in creating the small-signal equivalent circuit
for mid-band region: the the coupling capacitors and the bypass
capacitors are replaced by short circuits

R. Ty L=+

Wy—o———¢——————W\ o——0
+ +

i, (:) |—‘,'-r Ui R:‘ g R | § ’%" R.I'é 2P er. g
£ _ £ C =
i & & L {2

N - >
Ry Ry
{ b} Small-signal midband egquivalent circuit

Figure 4.36 Emitter follower. (b) Final small-signal mid-band
equivalent circuit.

4. Bipolar Junction Transistors

TLT-8016 Basic Analog Circuits

2005/2007 37



Voltage Gain

£, Fin w_ g | ta i =(1+ By =
AMA—o * T o—AAN o—e—C
n Biy,
I, (_) |—:~ i H:"g 'HI |%' R.I'g AP R;?
Z. ) Z, i _
O & .0
NS L A
Ry Ry,
i b} Small-signal midband equivalent circuit
Figure 4.36 Emitter follower.
=(1+ B)Ryi ,
Simplifications: vo =(1+ B)RLip (4.56)
| Vin =1zip +(1+ B)igR (4.57)
Rp =Ry || Ry = (4.54)

1/R1+1/R2 (1+,B)R'

— L
L= -<1 (4.58)

' 1 rﬂ' + (1 + IB)RL
R =R;||Rg= (4.55
L 1/Rp +1/Rg ) Since usually (1+p)R,' >>r_ A ~1.
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Input Impedance

E. r-II'I |'._r:, b B Far 'fi' :“ * H] ||'||._ = E
AMN—o ® . o—AAN o—e—0
+ +

; .ﬂ'—h
r, (D |e- i ”3§ K, § |e- Jl‘_"r-:g By R,_?
Z ) i C _
{} & & & S
L =) b -
Ry R;.
i b} Small-signal midband equivalent circuit

Figure 4.36 Emitter follower.

Z; = 1
" 1/Rp+1/Z;,

4. c
(4.59) For small power BJT R, “1s in the range of kOhms

and 3 ~ 100. Thus the range of Z, 1s hundreds of
v , kOhms.
Ziy = ll—b” =1y +(1+ B)RL (4.60)
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Output Impedance

"2 = Q)

(4.65)

(4.66)

& Loy
3 » . 0
b B g Test source
ic) Equivalent circuit used to find output impedance £,
Figure 4.36 Emitter follower.
v 1
_Vx 4.61 Z,=-*= ,
Zo=" (4.61) i (= AR+ )+ (/R,)
R +r
. . . Vx — S T
ip, + Bip +i, =—— 4.62 Ly =708
b+ Pip+ix Ry (4.62) (i+B)
v 1
- 1 If R'~0 Z,~ <=
R = (4.63) 5 ar
*"1/R +1/R +1/R, 1+4) s,
. F 11 BJT g ~102.10°mS. Thus th
v, " I/'ﬂl.b +Rsib ~0 (464) or small power g m us the

4. Bipolar Junction Transistors TLT-8016 Basic Analog Circuits

range of Z_ 1s Ohms or tens of Ohms.
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Example 4.10 Calculation of Emitter Follower
Performance. Compute the voltage gain, input
impedance, current gain, power gain, and output
impedance of the emitter-follower amplifier
displayed in Figure 4.37a.

The dc analysis gives the following quiescent
point: /-, =4.12mA and V= 11.7V.

& V{"(" :+20 V
R, 100 kQ B=200
R, Vapo =07V
|( |/ BEQ
10 kQ S A
) K
i @ Rzglﬂﬂkﬂ
% Ry § 2kQ R, § 1kQ

Q
[
@
Q

(a) Complete circuil
Figure 4.37 Emitter follower of Example 4.10.
Solution
. BV 200x0.026
oI, 412x10°
B 1 B 1
1R +1/R,  1/(100x10*)+1/(100x10°)

=1260Q2

=50kQ

4. Bipolar Junction Transistors

TLT-8016 Basic Analog Circuits

, 1 1

_ _ =667 Q
R, 1/R, +1/R, 1/(1><103)+1/(2><103) !
Y (1+ B)R, (1+200)x667 0.991

" +(+ PR, 1260+ (1+200)x 667

Z. =r. +(1+ B)R, =1260+(1+200)x 667 =135 kQ
1 1

7, = - =36.5 kQ
" 1/R,+1/Z,  1/(50x10°)+1/(135x10°)
R = !
/R +1/R +1/R,
1
_ =8.33 kO
1/(10x10° )+1/(100x10* )+ 1/(100x 10° )
~ 1
© AR )+ (1R,
1
(1+200)/(8.33x10* +1260)+1/(2x10?)
3
4 =4, :0.991M:36.2; G=A4,4,=38.8
R 1x10

L
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LLoad consisting
of several

driven gates

|'.f'
Vee
P Saturation
R(' ‘.-_.-/'l

(
f

0.2

Vg
{b) Output

Figure 4.42b Load-line analysis of RTL inverter under no-
load conditions.

4. Bipolar Junction Transistors

Figure 4.41 RTL inverter.

TLT-8016 Basic Analog Circuits

4.9 The BJT as a Digital Logic Switch

The circuit in Fig. 4.41 is a modification of
common-emitter amplifier intended for operation
in saturation and in cut-off region only.

Cut-off state: V.. < 0.5 (logical zero). BJT is in

cut-off and /. = 0. There 1s no voltage drop across
R-and V, =+V . (logical one).

Saturation state: V. 1s high (logical one), usually
V., =tV

in

. V,—0.7

B RB
In saturation V., <02V.This V, = V. < 0.2V
(logical zero).

To have saturation region, R, and R must be
designed in such a way that fi, > i.

The output has logically opposite voltage to the
input (zero-one; one-zero). The circuit is called
logical inverter.
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RTL NOR Gate

/...-—-—i-

Input
terminals

Figure 4.45 Three-input RTL NOR gate.

When at the three inputs are applied low voltages
(logical zeros) all BJT are in cutoff, no current
flows through R and V= +V . (logical one).

When a high voltage 1s presenting at one or more
of the inputs (logical ones at these inputs) the

corresponding BJTs are in saturation and V, <
0.2V (logical zero).
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