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Bipolar Junction Transistors

First Order Equivalent Circuit Models

The externally controlled signals for this model are | vjoltage Controlled Current Source Model

the three currents shown outsidethe gray box.

The voltage Vg exists internally as a result of the
currents and can be externally measured. We can
force a current and measure a voltage.

The diode in the model is designated as D¢ since the
current flowing through the diode is the same as the
emitter current. The collector current is dependent on

the base-emitter voltage Vge.

= The model is a non-linear voltage controlled current

source

The externally controlled

signals for this model are two

currents and the voltage Vgg ]
shown outside the gray box. I

The current ig exists internally B
as aresult of the voltage Vgg

and can be externally g% D
measured. E

The collector current is BE l|E -------

B o—

dependent on the emitter —

current ig. Current Controlled Current Source
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Bipolar Junction Transistors

Equivalent Circuit Models, cont’d

In this version of the model the diode conducts the BASE current which is beta times
smaller.

= In one version the dependent current source is voltage controlled (vgg), in the other

version the dependent current source is current controlled (B).

—> o C B o——
AF D I_B> D
NZ Ys < Vee Nt + NZ Y- <l
v e A
e, p) W v 10./8) ;
IR fll Ie
Note connection point is now E
5 on the opposite side of the diode

Current Controlled Current Source

Voltage Controlled Current Source Model
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Bipol

ar Junction Transistors

Two Port Moadel of the Common-Base Configuration

Vee Bo— —o C
: vV Two port
ls e Network
B —— o B Eo etwor B
T The base lead is common to both ports
v ¥ Dg
BE
E o— : - o C
E © «<— B o— —oB
IE
If we switch the leads within the network
the common base aspect is more apparent
o—— ——O _
- N/ = hh=-l A=lu_l_,
i = I i
B © ° g lout I in E

Two-Port representation of a BJT Transistor
symbol in a common-base configuration

The common-base current gain is o

© REP 12/6/2017 ENGR224
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WO Port Model of the Common-Emitter
Configuration

= S /ﬂ <l> Al D Two port =
° Network

E o —o0 E

The emitter lead is common to both ports

Ic is out of phase with ig

E&o

Two-Port representation of a BJT Transistor The common-emitter current gain IS o
symbol in a common-emitter configuration




s

“Operation of the pnp Transistor in the Active Mode

E

\\

/

P n P
Injected Diffusing Collected
o holes holes holes
= 4 e
iE <njected electrofis (ig,))| ) Ic
IB
+ Vg — vig + Vg —
o BB o o *o
3 B o . Y
e I Ic
Il AR €= I 1 ==
I || I
+Vis



Bipolar Junction Transistors

E
O -
Ve
+ E
VEB §Z DE C‘)l iE
B (Is/a)
B o— ®
Ves +
l I eW VEB DB | eVEB/VT
S | s
s s <
o—— —0
l iC g ic
(o]
C
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Bipolar Junction Transistors

npn BJT

C lic

i 5

N
- >liE
T

VCB

Vee E G

Voltage polarities and current flow in a
transistor biased in the active mode.
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Bipolar Junction Transistors

Circuit Symbols and Conventions - pnp

<
&
.I

os}

E lIE
B
B J_ TC_ L
"1

|

C ¢
o)
C
Voltage polarities and current flow in a
onp BIT transistor biased in the active mode.
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Bipolar Junction Transistors

Example 4.1

» The transistor in the circuit below has B = 100 and exhibits a vge of 0.7V at i =1 mA.
Design the circuit so that a current of 2 mA flows through the collector and a voltage of +5V
appears at the collector.

° 2mA 2mA
l T since Vg =0.7V at i, =1mA,

= 2
| b oV =5y Voo =074V, |n(1j =0.71V

‘—[ |::> 4[ and Vg = -V, =071
| T

' L Ve = Ve
- =R, Re %l =1, +1, for 4 =100, a =100/101=0.99
l thus 1. =I—C:i=2.02mA
1857 LY, a 099
R, - V. —(-15)
IE
0747415 o

2.02
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Bipolar Junction Transistors

Graphical Representation of Transistor Characteristics

= Similar to diodes, except we talk about the voltage across one junction Vg and the
current through the other terminal i..

= For most of the conditions we will encounter in working with BJTs the ideality factor, n
will be considered to be 1.

A

T, T, Ty

1 — Vee V1
I = 1€

] 1
0 0.5 0.7
. T vee(v)
Ic-Vge Characteristics

VBE

Effect of temperature on i--vge Characteristic.
At a constant current, vge changes by —2mV/°C.

Vee V)

0O 050.7
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o VS Ve

Bipolar Junction Transistors

I~ versus Vg Characteristics

npn transistor in active mode

saturation

i (MA) = i,
saturation
4 Current controlled
\ current source
ax4 I =4mA
ax3 3mMA
ax?2 2mA
axl 1mA
| | 1 | | 1 a
T T I T T T w
01 2 3
Ves (V)

-V, = forward bias

&=

|B4

IBZ

B3 See next page

+V,, = reverse bias
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Bipolar Junction Transistors

1=V Characteristics

The Early Voltage (typically 50 -100 Volts), also known as the Base-Width Modulation

parameter.

As the base-collector junction reverse bias is
increased the depletion layer expands and

consumes some of the base narrowing it and
causing an increase in the collector current.

ic = |sevBE/VT [1+—VCE

v

+

| _~

Vee ’T

A

iCl )

=

L

Saturation
region

. _| 0
° | Ve

Vge =constant

<+«——— Active —
region

1
1
1
1
—P F
1
1
1
I Ve =
! BE
1
1
“r Voe =
L =]
e 1 BE
-,
-
< -
/, -
g -
-
4 -
-, - -
- -
s - ==
[P - =
7. - -
s - = -
- -7 _ -
7’ e - -
L T~
PR S e
eIt
P as
J==" >
I O g
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Bipolar Junction Transistors

Example 4.2

= We wish to analyze this circuit to determine all node voltages and branch currents. We
will assume that B is specified to be 100.

+10vV
. |
| R. =4.7kQ) %
Ly S Ro=4TQ = 10V
I :f — > —‘
4\ —=—=
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Bipolar Junction Transistors

Example 4.2, cont’d

= We don’t know whether the transistor is in the active mode or not.

» A simple approach would be to assume that the device is in the active mode, and then
check our results at the end

10V V, =4-V,, ~4-0.7=3.3V

®'C1T V-0 33_ @

. = 1mA
15_0 Ve (4)

100
@IB *—OVE® Ic:alE’a=%=@O.99

33k | () I =0.99x1=0.99 A

I ®

V. =10- 1R, =10-0.99x4.7 =+5.3V

. 1 ®

= — = ~0.01mA
A+1 101
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Bipolar Junction Transistors

Example 4.3

We wish to analyze the circuit shown below to determine the voltages at all nodes and
the currents through all branches. Note that this circuit is identical to the previous
circuit except that the voltage at the base is now +6 V.

+10V Assuming active-mode:

@I | V. =5.6-V,. ~6-0.7=53V
@

R. =4.7kQ +4V %4'7'@ 53
A le =2 =16mA

@
v

+10v

2
YV

l. =al, ~1.6mA

B
R =3.3kQ 33k Z | Ie
L Ve =10-4.7x1, z10—7.52=>@v

| ||——’\/\/\,—

Collector voltage > base voltage
saturation mode, not active mode
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Bipolar Junction Transistors

Example 4.4

We wish to analyze the circuit below to determine the voltages at all nodes and the
currents through all branches. This circuit is identical to that considered in the previous
two examples except that now the base voltage is zero.

+10vV +1.W
! [} te=omA(3)
R. = 4.7kQ =47kO
% c I Zoma s—o V. =10V ()
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Bipolar Junction Transistors

Example 4.6

= We will analyze the following circuit to determine the voltages at all nodes and currents
through all branches. Assume $=100.
Vg =V 0.7V @

+10V 5-V 5-0.7
Tl'c Tll —F3mA o= "R "~ 1gp 0043 @
2

C
Rc =2kQ
% é Rc:
+5V

IB{ - _lf_gv v lc = A, =100x0.043=4.3mA (3)
" O

Ry =100kQ e e )
i |, =0.043mA l|E=4.343mA Ve =10-1R. =10 4.3><2—1.4V@

— (ﬂ+1)IB =101x0.043~4.3mA @
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Bipolar Junction Transistors

Example 4.7

= We want to analyze the circuit shown below to determine the voltages at all nodes and
currents through all branches. Assume B=100.

+15V
+15V

- [

1RoB(1):Q % Re =5kQ %RC=5kQ
L el

w0 2

L

Vo =15— ez _15 0 _
Rz + Rg, 100+50
Res = (Rg, // Ry, )=(100//50)=33.3kQ
Vs = lgRgs + Ve + 1R
IE
I =
p+1
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Bipolar Junction Transistors

Example 4.7, cont’d

+15V
1.28 mAlT

5V
Es.skg
iy
o
0.013mA © 387V
3kQ
1.29 mAlé

5kQ
8.6V

| 0.103mA

100kQ =
0.013mA

—
®----

50 kQ §¢ 0.09mA

| = VBB _VBE
" Re+[Rea /(5 +1)]

1, =229 _0.0128mA
101

VB :VBE + IERE
=0.7+1.29x3=457V

assuming active - mode operation,
l. =al: =0.99x1.29=1.28mA
V. =15-1.R. =15-1.28x5=8.6V
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