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1.Semiconductor

Semiconductors materials such as silicon (Si) and germanium (Ge), have
electrical properties somewhere in the middle, between conductors and
insulators. They are not good conductors nor good insulators, because their
atoms are closely grouped together in a crystalline pattern called a “crystal
lattice” but electrons are still able to flow, but only under special conditions.

The ability of semiconductors to conduct electricity can be greatly improved
by replacing or adding certain donor or acceptor atoms to this crystalline
structure thereby,

To producing more free electrons than holes adding a small percentage of
another element to the base material (either silicon or germanium)

The most commonly used semiconductor basics material is silicon. Silicon
has four valence electrons in its outermost shell which it shares with its
neighboring silicon atoms to form full orbitals of eight electrons. The structure
of the bond between the two silicon atoms is such that each atom shares one
electron with its neighbor making the bond very stable.

As there are very few free electrons available to move around the silicon
crystal, crystals of pure silicon or germanium are therefore good insulators, or
at the very least very high value resistors.

Connecting a silicon crystal to a battery supply is not enough to extract an
electric current from it. To do that we need to create a “positive” and a
“negative” pole within the silicon allowing electrons to flow out of the silicon.
These poles are created by doping the silicon with certain impurities.
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Figure.1: A Silicon Atom Structure

2. P-type

In a pure (intrinsic) Si or Ge semiconductor, each nucleus uses its four
valence electrons to form four covalent bonds with its neighbors Each ionic
core, consisting of the nucleus and non-valent electrons, has a net charge of
+4, and is surrounded by 4 valence electrons. Since there are no excess
electrons or holes in this case, the number of electrons and holes present at
any given time will always be equal.

Figure.2: An intrinsic semiconductor.



if one of the atoms in the semiconductor lattice is replaced by an element with
three valence electrons, such as a Group 3 element like Boron (B) or Gallium
(Ga), the electron-hole balance will be changed. This impurity will only be
able to contribute three valence electrons to the lattice, therefore leaving one
excess hole (figure.3). Since holes will "accept" free electrons, a Group 3
impurity is also called an acceptor.

Figure .3: A semiconductor doped with an acceptor

Because an acceptor donates excess holes, which are positively charged, a
semiconductor that has been doped with an acceptor is called a p-type
semiconductor; "p" stands for positive. Notice that the material remains
electrically neutral. In a p-type semiconductor, current is largely carried by
the holes, which outnumber the free electrons. In this case, the holes are the

majority carriers, while the electrons are the minority carriers.

3. N-type

We can also replace an atom with five valence electrons, such as the Group 5
atoms arsenic (As) or phosphorus (P). In this case, the impurity adds five
valence electrons to the lattice where it can only hold four. This means that
there is now one excess electron in the lattice (Figure.4). Because it donates
an electron, a Group 5 impurity is called a donor. Note that the material
remains electrically neutral.



Donor impurities donate negatively charged electrons to the lattice, so a
semiconductor that has been doped with a donor is called an n-type
semiconductor; "n" stands for negative. Free electrons outnumber holes in an
n-type material, so the electrons are the majority carriers and holes are the
minority carriers.

Figure.4: A semiconductor doped with a donor



n-Type and p-Type materials
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4. PN Junction

A PN-junction is formed when an N-type material is fused together with a P-
type material creating a semiconductor diode (Figure.5)
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6. Semiconductor Diode

the n- and p-type materials were introduced. The semiconductor diode is
formed by simply bringing these materials together (constructed from the
same base—Ge or Si) the two materials are “joined” the electrons and holes
in the region of the junction will combine, resulting in a lack of carriers in the
region near the junction.

This region of uncovered positive and negative ions is called the depletion
region due to the depletion of carriers in this region

7. Biasing of A Diode

the diode is a two-terminal device the application of a voltage across its
terminals leaves three possibilities: no bias (VD = 0V), forward bias (VD >V),
and reverse bias (VD < V). Each is a condition that will result in a response
that the user must clearly understand if the device is to be applied effectively.

For silicon diode the minimum voltage to operate the diode 1s 0.7 v
For germanium diode the minimum voltage to operate the diode is 0.3 v

Forward Biased

o"’H'a

Forward Bias
(switch closed)

Reversed Biased

- =+
o > o
0.7v
+ =
O—t-""’";—l l—(:}
Reverse Bias
(switch open}




EXAMPLE 1

For the series diode configuration bellow determine the following
(a) Vb and Ip

(b) W&

il LR h‘g ki

Solution:

since the diode is Si then
Vp=0.7V

Appling KVL
E—-Vp—-Vr=0
10-0.7= Vg
Vr=93V

V =LR (ohm's law)



EXAMPLE 2

Determine Vr and Ip for the series circuit of Figure bellow

| 5i LT fy
+12 \"D——H - H -1 o |
*

Solution:

Vr, Vr,

/ OTY 03y

E=11¥% §:’l.t& kL2

w v

VR=E-V11-Vp=12V-07V-03V=11V

VR 11V
ID:IR—? 5.6K9._ 1.96 mA .




EXAMPLE 3

Determine the currents Ip; , In; and Igr; for this circuit

Solution:

Fa, BT
TR 33k
Appling KVL yields:
~ Vg, +E-Vp —Vp, =0
and Vp =E-V, —Vp =20-0.7-0.7=18.6V,

Ve 186
TR, 56k
Fally, I, =Ip —Ip =3.32m—0.212m =3.108m4.

=0.212mA.

with 7/



8. Half-Wave Rectification

A rectifier is a circuit which converts the Alternating Current (AC) input
power into a Direct Current (DC) output power. The simplest half wave
rectifier circuit with a time-varying signal appears in Figure.6 For the moment
we will use the ideal model (note the absence of the Si or Ge label to denote
ideal diode) to ensure that the approach is not clouded by additional
mathematical complexity.
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Figure.6: Sinusoidal Inputs; Half-Wave Rectification

the following formula is used to determine the V. for the ideal diode

Vi = 0.318¥,

half-wave

While the following formula is used to determine the V. for the Si or Ge
diode

Vae = 0.318(V,, — V7)




EXAMPLE 4

(a) Sketch the output vo and determine the dc level of the output for the
network bellow

(b) Repeat part (a) if the ideal diode is replaced by a silicon diode.

(c) Repeat parts (a) and (b) if Vm is increased to 200 V and compare
solutions

20V

0 g\/rr _ »
2

Solution:

(a) In this situation the diode will conduct during the negative part of the
input as

shown in Figure and vo will appear as shown in the same figure. For the full
period, the dc level is

Vdc=-0.318Vm=-0.318(20 V) = -6.36 V

The negative sign indicates that the polarity of the output is opposite to the
defined in this figure
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(b) Using a silicon diode, the output will be
Vdec =-0.318(Vm-0.7 V) =-0.318(19.3 V) =-6.14V

(c) 727



9. Full-Wave Rectification

A Full wave rectifier is a circuit arrangement which makes use of both half
cycles of input alternating current (AC) and converts them to direct current
(DC). In our tutorial on Half wave rectifiers, we have seen that a half wave
rectifier makes use of only one-half cycle of the input alternating current.
Thus, a full wave rectifier 1s much more efficient than a half wave rectifier.
This process of converting both half cycles of the input supply (alternating
current) to direct current (DC) 1s termed full wave rectification.

Figure.7: A Full wave rectifier

the dc level is now twice that obtained for a half-wave system and the value
will be doubled

Vdc = 2(0.318Vm)

Vde = 0.63 6Vm full-wave




Basic Definition:
There are a variety of diode circuits called clippers (limiters or selectors) that have the
ability to "clip" off a portion of the input signal above (positive) or below (negative)
certain level without distorting the remaining part of the alternating waveform.
Depending on the orientation of the diode, the positive or negative region of the input
signal is "clipped" off.

There are two general categories of clippers: series and parallel. The series
configuration is dined as one where the diode is in series with the load. While the
parallel variety has the diode in a branch parallel to the load (see Fig. 3-1).

AVi
A%
T »
0| 12 Tt
=
A Vi
v
0| 12 Tt
Y
Simple Parallel (Negative) Clipper
Fig. 3-1
Example 3-1:
Biased Series (Negative) Clipper, see Fig. 3-2.
A Yi
E D
Vi ._I Vo
* s2v i

Fig. 3-2
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Fig. 3-2 (cont.)

Example 3-2:

, see Fig. 3-3.

Biased Parallel (Positive) Clipper

Fig. 3-3




Vi

\/transition - id R - Vd +E= 0,
\/transition =0.7-57=-5V.

For t=0—1t; and t, > T; D ON,

10

t

ansition

\/

and v,=-5V.
For t=t; —» t,; D OFF,
and v, = v,
A Vo
0 >

ap

Summary:

Fig. 3-3 (cont.)

A variety of series and parallel clippers with the resulting output for the sinusoidal

input are provided in Fig. 3-4.

Simple Series Clippers (1deal Diodes)

NEGATIVE
+ ' l
v'
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v('
+ +
¥ e %=-V)
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Simple Parallel Clippers (1deal Diodes)
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Fig. 3-4 (cont.)
Example 3-3:

Double Diode Series Clipper, see Fig. 3-5.

Vi
1 El DI
i Ly —||—N—
33V Si
Vi —0 [ Vo
> E, D,
0 T2 T t H ' R
77v  Ge
(7] P —
I)l
E; +VTl Vil
4V Ideal
Vi 6 D &2 ® V0
B, +Vi, V, 2
L e—! 3R
]V Ideal

Fig. 3-5




For t=0—>1t, t, > t3, and t; — T;

both D; and D, will be OFF,
and v,=0V.

For t=1t; —> t;; D; ON while D, OFF,

and V0=Vil=vi—4V.

For t=1; > 1 D] OFF while Dz ON,

and v,= V.

1

2:Vi+8V.

Example 3-4:

Fig. 3-5 (cont.)

Double Diode Parallel Clipper, see Fig. 3-6.

A Vi

9 =<

V, — ig R— Va— E; = 0;
V, =0.7+23=3V.

R
< VO
\; idz = ODZ Sl
try
- EzI 53V

\/tr2+ id2R+Vd+E2=0;
V, =-07-53=-6V.

Fig. 3-6




For t=0—>1t;, t, > t3, and t; — T;

both D; and D, will be OFF,

For t=1 — 1 D] ON while Dz OFF,

For t=1t; — t4;; D; OFF while D, ON,

and v, =V,
and v,=3 V.
and v,=-6V.
A
3

Fig. 3-6 (cont.)
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Basic Definition:

The clamping circuit (clamper) is one will "clamp" a signal to a different dc level.
The circuit must have a capacitor, a diode, and a resistive element, but it can also
employ an independent dc supply to introduce an additional shift. The magnitude of
R and C must be chosen such that the time constant 7= RC is large enough to ensure
that the voltage across the capacitor does not discharge significantly during the interval
(772) the diode is nonconducting. Throughout the analysis we will assume that for all
practical purposes the capacitor will fully charge or discharge in five time constants.
Therefore, the condition required for the capacitor to hold its voltage during the
discharge period between pulses of the input signal is

St=5RC >>Z=L [4.1]
2 2

Example 4-1:

Determine the output (v,) for the circuit of Fig. 4-1 for the input (v;) shown.

A i

G
N A ] :
0.1uF S

- D
ar ¢ R 250k0

E=5V

Fig. 4-1
Solution:

The analysis of clamping circuits are started by considering that the part of the input
signal that will forward bias the diode. For the circuit of Fig. 4-1, the diode is forward
bias ("on" state) during the negative half period of the input signal (v;) and the capacitor
will charge up instantaneously to a voltage level determined by the circuit of Fig. 4-2.
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For the input section KVL will result in
—20+Vc+07-5=0 => V=243 V.

The output voltage (v,) can be determined by KVL in the output section
+5-07-v,=0 = v,=43V.

Now check that the capacitor will hold on or not its establish voltage level during
the period (positive half period in case of Example 4-1) when the diode is in the
"off" state (reverse bias). The total time constant 5t of the discharging circuit of
Fig. 4-3 is determined by the product SRC and has the magnitude

57=5RC =5 (50x107) (0.1x10°) = 25 ms.

The frequency ( /) is 1 kHz, resulting in a period of 1 ms and an interval of 0.5 ms
between levels, that is

T2 =1/(2f)=1/(2 x 1x10°) = 0.5 ms.

We find that

5t >> T/2 (25ms/0.5ms = 50 times).

So that, it is certainly a good approximation that the capacitor will hold its voltage
(24.3 V) during the discharge period between pulses of the input signal.

24.3V
— |+

+

!
1or _-ILSV 50

K"I % +0/

A

Fig. 4-3

The open-circuit equivalent for the diode will remove the 5-V battery from having any
effect on v,, and applying KVL around the outside loop of circuit will result in
+10+243-v,=0 => v,=343 V.

The resulting output appears in Fig. 4-4, where the input and the output swing
are the same.

AV

34.3

19.3

4.3

\

0 1/2 T 37/2 2T 5172 t

Fig. 4-4




Example 4-2:

Using silicon diode, design a clamper circuit that will produce output v, = 10Sinwt-5 V
when the input is v; = 10Sinwt+5 V. Draw the circuit diagram and the input and output

signals.

Solution:

From the input (v;) and output (v,) signals, we have a negative biased clamper.

Therefore, the diode is forward bias ("on

" state) during the positive half period of the

input signal (v;). The output voltage (v,) at this positive period can be determined by

KVL in the output section of the circuit shown in Fig. 4-5.
E+07-v,=0 = E=5-0.7=43V.
For the input section KVL will result in

15-Ve-5=0 => Ve=10V.

Fig. 4-5 v, =15V iow

The circuit diagram and the input and output signals are shown in Fig. 4-6.

A VY

15

C
o]
5 e T A f i} DY Si
T/2 T 3172 Jor
0 ¢ E=43V

Fig. 4-6




Summary:

A number of clamping circuits and their effect on the square-wave input signal are
shown in Fig. 4-7.

Negative Clampers Positive Clampers
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ECTRONIC DEvVIC

TRANSISTOR CONSTRUCTION II

The transistor 1s a three-layer semiconductor device consisting of either two n- and
one p-type layers of material or two p- and one n-type layers of material. The former
1s called an npn transistor, while the latter 1s called a pnp transistor. Both are shown

PMP Transistor MNP Transistor

Emittaer Collector Emitter Collector

Base a). Physical Construction Base
= L= = i
o—P l — o—id l o
B b). Two-diode Analogy B

el Ny

BB
""""—'—_'_- ——
cl. Chircut Symbols




For the biasing shown in Fig. the terminals have been indicated by the capi-
tal letters E for emitter, C for collector, and B for base.

TRANSISTOR OPERATION .

The basic operation of the transistor will now be described using the pnp transistor
of Fig. . The operation of the npn transistor 1s exactly the same if the roles played
by the electron and hole are interchanged.

Note the similarities between this situation
and that of the forward-biased diode in Chapter 1. The depletion region has been re-
duced in width due to the applied bias. resulting in a heavy flow of majority carriers
from the p- to the n-type materal.

Consider the similarities between this situation and that of the
reverse-biased diode . Recall that the flow of majority carriers 1s zero.
resulting in only a minority-carrier flow,

* Majority carriers ~ Minority corriers

i Depletion region

=

e el e
Vir Voo

Reverse-biased junction

Forward-biased junction 5
of a pnp transistor

of a pnp transistor



*+ Minority carriers

* Majority carriers
P

Applying Kirchhoff’s current law to the transistor of Fig. ahove we obtain II'




COMMON-BASE CONFIGURATION

The common-base terminology is derived
from the fact that the base 1s common to both the mnput and output sides of the con-
figuration. In addition. the base is usually the terminal closest to, or at, ground po-
tential.

Re

Common Base Conection of NPN Transistor

The inpuf. set for the
common-base amplifier as shown in Fig.  will relate an input current (Ig) to an in-
put voltage (Fzg) for various levels of output voltage (Feg).

The output set will relate an output current (I¢) to an output voltage (V¢p) for var- :
1ous levels of input current (Ig)
Vea=20V
Vea= 10V

Vea= 1V

| i I |

| = N W & 0 & N &

Q
=]
N
=]
»
o
o
e]
w
el
=}

Vae (V)



Output or collector

4 I (m4) characteristics for a common-base
transistor amplifier.
- Active region (unshaded area)
7 ma
7
5 b 6 mA
s L 5 mA
g
" ? 4 mA
=
38 3 mA
, L& 2 mA
IE=1mA
]_ |
o | | . i P W
-1 5 10 15 20 Veg (V)

In the active region the collector-base junction is reverse-biased, while the
base-emitter junction is forward-biased.

In the cutoff region the collector-base and base-emitter junctions of a transis-
tor are both reverse-biased.

In the saturation region the collector-base and base-emitter junctions are
forward-biased.




COMMON-EMITTER CONFIGURATION

It 1s called the common-emitter configuration since the emit-

ter 15 common or reference to both the input and output terminals

Ic

Output
Current

nput
signal

NPN Trancistor

For the common-emitter configuration the output characteristics are a plot of the
output current (I¢) versus output voltage (V¢g) for a range of values of input current
(Ig). The mput characteristics are a plot of the input current (/) versus the input volt-
age (Vpg) for a range of values of output voltage (Veg).




pA
80 pA
NS
-’___...--""' 60 pA
(Saturation region) 5 = 50 pA
gt f’_‘____...--'"‘"' |
) L —opa
r (Active reginq) 20 pA
2
: - 10 pA
1
= Tp =0 pA
GIV 5 10 T \15 20 e (V)
Fat (Cutoff region)

Icpo= Blcpo




In the active region of a common-emitter amplifier the collector-base junction
is reverse-biased, while the base-emitter junction is forward-biased.

Ic= Blg l Ie=(B+ g

COMMON-COLLECTOR CONFIGURATION

The third and final transistor configuration is the common-collector configuration, |
shown in Fig. with the proper current directions and voltage notation. The
commeon-collector configuration 1s used primarily for impedance-matching purposes

since it has a high input impedance and low output impedance. opposite to that of the
common-base and common-emitter configurations.

nput
| ignal

NPN Transistor




ELECTRONIC D

OPERATING POINT ||

Since the operating point is a fixed point on the characteristics, it
1s also called the guiescent point (abbreviated Q-pomnt). By definition. quiescent means
quiet, still, mactive,

The maximum rat- |
ings are indicated on the characteristics of Fig. - by a horizontal line for the max-
imum collector current o and a vertical line at the maximum collector-to-enutter
voltage Vg . The maximum power constraint 1s defined by the curve Pc___in the
same hgure. At the lower end of the scales are the cutoff region. defined by Iz =
0 pA. and the saturation region, defined by Vg = Ve




Var = 0.7V I
FCE= VC_ FE '

| FIXED-BIAS CIRCUIT

e — (B 5 )ig =i

Ic= BIp l




l EXAMPLE ‘

Determine the following for the fixed-bias configuration of Fig.

Eg Iz, and Ic,,
I
By a0
(d) Vs

[ Solutionj ‘

Vee—Veg 12V —07V
L(') b= R = 200k0

= 47.08 pA

- —
[Ico = BlIg, = (50)(47.08 pA) = 2.35 mA

(b) Veg, = Vee — IcRe
L =12V — (2.35 mA)(2.2 kQ)
=683V

(©) Va=Vae=0IV

g R,
e 2.2 k0
Ro [} C;
4, uokn e

. Ve=Vce=683V

(d) Vac=Vg—Ve=0IV—68V
| — —613V




Transistor Saturation I

The term saturation is applied to any system where levels have reached their maxi- |
mum values.

the &
current 1s relatively high and the voltage Vg 1s assumed to be zero volts. Applymng |

Ohm’s law the resistance between collector and emutter terminals can be determined




Load-Line Analysis i ‘_

Vee = Voo — IcRc

Vee = Veel.=0 ma

S

b I~ (mA)

S0 pA




| EXAMPLE

7 Given the load line of Fig. and the defined Q-point, determine the required val-
ues of Ve, Re. and Rp for a fixed-bias configuration.

' Solution 4 Ic (mA)

L )

Vee=Vee=20Vatlo=0mA

A

Ic=%mat V=0V

4 c
. 20V

W e i SO kQ
Ir 10mA

Ry Yor=Vag _20V—07V_ 10
Iy 25 pA




EMITTER-STABILIZED BIAS CIRCUIT ‘

- Vee — Vag ‘ I‘C‘l:‘
® Rz+(B+ DRg |

Vee = Vec — Ic(Re + Rg) l
Ve = IgRg I Ve=Vee+ Ve '

IcRc

Vc_': VC'C_




EXAMPLE

For the emitter bias network of Fig.

(a) IB.
(b) Ic.
(E-) FCE-
(d) Ve
(C] F_E.
® Vs
(2) Vac.

A

olution

determine: l

N =0TV

(a) Ig= Vec — Vae

Rz+ (B+ DRz 430kQ + (51)(1 k)

_ 193V _
% i
(b) Ic= Blz
= (50)(40.1 pA)
. =201mA

& VTR RS

_ =1397V

=20V - (201 mA)2kQ +1kQ) =20V —6.03V

(@ Po=Veoc—TRe

. =1598V

=20V - (201 mA)2kQ) =20V —4.02V

Cor ¥, £ = IgRg = IcRg
= (2.01 mA)(1 kQ)
\ =201V

® Va=Ve+ Vg
=07V+201V
=271V

(&) Ve=Ve—Ver

5

=1598V — 1397V
=201V

((2) Vac=Vs—Vc

\

=271V-1598V
= -=13.27V




| VOLTAGE-DIVIDER BIAS

Vee = Vee — Ie(Re + Rg) .




EXAMPLE

Determine the dc bias voltage Vg and the current I for the voltage-divider config-
uration of Fig. ,

S —

Solution +2IV

_ G9KMGIKY) _,

C39kQ+39kQ T _ _(BI9kMH(22V) _
| 39 kQ + 3.9 kQ

2

2~ Rm + (B+ URg

_ 2V-07V___ _ 13V
3.55kQ + (141)(1L5kQ) 355 kQ + 211.5 kQ

= 6.05 pd




Vee = Vee — Ie(Re + Rg)
=22V — (0.85 mA)(10 kQ + 1.5 kO)
=2V —978V

Ver, = Vee — Ie(Re + Rg) I



EXAMPLE

Répeat the previous example using the approximate technique. and compare solu-
tions for I, and Vg,

[ Solution

BRg = 10R,
140)(1.5 k) = 10(3.9 k)
210 k€ = 39 k() (satisfiea

_ B9KO)22V)
39kQ + 3.9 kQ

=22V — (0.867 mA)(10 kV + 1.5 kQ)
2V —-997V




Determine the levels of I, and Vg, for the voltage-divider configuration of Fig.
using the exact and approximate techniques and compare solutions.




DC BIAS WITH VOLTAGE FEEDBACK ‘

Rg + B(Rc + Rg)

Re
‘, It
——— WV I oY
Rp ch c,
| Ig 7
V; o }i VCE
Cy -

Vee = Voe — Ic(Re + Rg)

I
I
| 1, = —Vec—Var | -



 EXAMPLE

Determine the quiescent levels of I, and Vg, for the network of Fig. |

L Solution o
4.7 kQ
250kQ
— A | p—
| 10 UF
| o—]| B =s0
10 uF
I = Vee — Ve
® " Rg+ BRc + Rp) T
_ 10V -07V | I
250 kQ + (90)(4.7 kQ + 1.2 kQ)
_ 93V _ 93V
250 kQ) + 531 k@ 781 kQ
= LLOILpA
Ic, = BIz = (90)(11.91 uA)
= 1.07 mA

Vee, = Vee — Ic(Re + Rg)
=10V — (1.07 mA)(4.7 kQ + 1.2 kQ)
=10V—-631V
=369V



EXAMPLE

Determine ¥ and Vg for the network of Fig. I




—Eth — IpRthn — Ve —IgRg + Veg =0

- y SF RTh — VB 7
N o B=120
1.73 kQ TF
IB VRE —
E ==
m= EE NN
= = R & 138 kQ

Vee —Emn — Ve — (B T I)IBRE—IBRTI,; 0 ] Vee =—20V

VEE = ETh = VBE

| T I
i _ 20V -1153V =07V
1.73 kQ + (121)(1.8 kQ)
i
219.53 kO
= 3539 uA
Ic = Bl
= (120)(35.39 uA)
— 425 mA
Ve = Vee — IcRc Vg = —Emp — IRy,
=20V — (425 mA)(2.7 k) = —(11.53 V) — (35.39 pA)(1.73 kQ)

=833V = —1159V



DESIGN OPERATIONS '

Gmcﬂ ﬁ;g device characteristics af~F1g
‘bias configuration

_20V-07V _ 193V
40 pA




‘ EXAMPLE \

Given that Ic, = 2 mA and Vgg, = 10 V. determine R; and Rc for the network of
Fig

(18 k)(18 V)
R; + 18 k)

324 kQ = 3.1R; + 55.8 kQ
3.1R; = 268.2 kQ
_ 2682 k0

=31V

R, = 86.52 k()

T Vec—Te
Ic Ic

Ve=Veg+Ve=10V+24V =124V

_ 18V —-124V
2mA




EXAMPLE

The emitter-bias configuration of Fig. has the following specifications: I¢, =
e Ic, =8 mA, Vo= 18 V. and B = 110. Determine R, Re. and Rp.

2RV IRV
4 m4

Iz = '
ST e e

Rz + (B + 1)RE=Z§:CT'_VEE
Bo
Vee =V,
B=_C!'IJ._(3+ 1Rz
Bo
_28V-—-07V

36.36 pA

_ 213V
36.36 pA

= 639.8

— (111)(1 k)

— 111 k)




For the fixed-bias configuration of Fig.
(a) Ig,

thiiie

©) Vee,

d Ve

(&) Vs
® Ve

Given the information appearing in Fig.

(ﬂ.) Ic.
(®) Rc.
{C) RB.
(d Vce.

. determine:




J

" g F
Given the information provided in Fig. , determine:
(@) Rc.

(®) Rg.

(¢) Rp.

(d) Vez.

() Vs

- A

Given the information provided in Fig. determine: 2.7 kQ.
@) B. | R

() Vec. * +

(¢) Rs.

VCE=7.3V

2.1V

0.68 k().



ﬂ

For the voltage-divider bias configuration of Fig. determine: |

(a) Ip, r—Lfsv
(b) Ic,

(©) Vee,
(d) Ve

(®) Ve

® Vs

6.

Given the information provided in Fig. . determine:
(a) I
(®) Ve
©) Vs
(d R

o 18V

4.7 k()

Ve=12 V'

5.6 k()



7 30V
E# voltage feedback network of Fig. l. determine:
@) Ic 6.2 kQ

':(:bi gc- . 470 kQ) 220k} Ve. “
c E- . g pa o v,
(d) Ve J Ic. &

ﬂ
Given Vg = 4V for the network of Fig. , determine:
(@) Ve
(b) I
© Ve
(d) Ve
(&) Ip.




)
Given Ve = 8 V for the network of Fig. . determine:
(a) Ip.
(b) Ic
(© B
(d) Vce.

+16V
10. I 12 kQ)
For the network of Fig. . determine: L Ic.
(@) I +
(b) Ic.

V =120
(c) Ve e p
d Ve
15 k€

-12V




ELECTRONIC DEVIC

The FET is a semiconductor device whose operation consists of controlling the flow of
current through a semiconductor channel by application of an electric field (voltage).

There are two categories of FETs: the junction field-effect transistor (JFET) and

the metal-oxide-semiconductor field-effect transistor (MOSFET). The MOSFET
category 1s further broken-down into: depletion and enhancement types.

A Gomparison hetween FET and BIT: |

FET 1s a unipolar device. It operates as a veltage-controlled device with either
- electron current in an n-channel FET or hole current in a p-channel FET.

BIT made as npn or as pnp is a current-controlled device in which both electron ;'
- current and hole current are mvolved.

' e FET is smaller than a BIT and is thus for more popula?ih integrated circuits
—1Cs). .

*




Y FETs exhibit much higher input impedance than BJTs. |

FETSs are more femperature stable than BJTs. |

response) than a FET.

Junction Field-Effect Transistor UFET): '

The basic construction of n-channel (p-channel) JFET 1s shown i Fig. a (b) :
Note that the major part of the structure is n-type (p-type) material that forms the
channel between the embedded layers of p-type (n-type) material. The top of the n-type
(p-type) channel 1s connected through an ohmic contact to a terminal referred to as the
drain "D", while the lower end of the same material is connected through an ohmic
contact to a terminal referred to as the source "S". The two p-type materials are
connected together and to the gare "G" terminal.

4 §&——— Source —p

Construction

(@) |

Construction and symbols for FET’s

D ?D
Gate §\§N NN &
G
N-Channel k
P
P-Channel—"
s oS

BJTs have large voltage gain than FETs when operatéd as an amplifier. |

The BJT has a much higher sensitivity to changes in the applied signal (faster

N-Channel FET P-Channel FET

2l

www.boelectronic.com



Basic Operation of JFET:

Bias voltages are shown, in Fig. below applied to an n-channel JFET devise.

Vpp provides a drain-to-source voltage, Vps, (drain is positive relative to source) and
supplies current from drain to source, Ip, (electrons move from source to drain).

Ve sets the reverse-bias voltage between the gate and the source, Vs, (gate is
biased negative relative to the source).

Input impedance at the gate 1s very high, thus the gate current /; =0 A.

Reverse biasing of the gate-source junction produces a depletion region in the
n-channel and thus increases its resistance.

The channel width can be controlled by varying the gate voltage, and thereby, Ip
can also be controlled.

The depletion regions are wider toward the drain end of the channel because the
reverse-bias voltage between the gate and the drain is grater than that between the
gate and the source.

e,

Depletion regions
lD

I.=04 I = s
G.;._lp pp > T o
o

Vos Vog—— n

Electron

‘ S; flow




JFET Characteristics:

The maximum current is defined as Ipss and occurs when Vg =0V and
Vbs = |Vpl as shown in Fig.a.

For gate-to-source voltages V. less than (more negative than) the pinch-off
o :5 & C Ju
level, the drain current is 0 A (Ip = 0 A) as appearing in Fig. b.

For all levels of Vs between 0 V and the pinch-off level, the current I, will
range between Ipss and 0 A, respectively, as reviewed by Fig. c.

For p-channel JFETs a similar list can be developed.

oD
G -+
= Ip=Ipgs = Vpp2|7p|
ey B
=
nf
(a)



Vos = — VoG

o—bl: 1 ) A —
:(. 4 ——
| | D DD

e — Vs

= e T
P eE
®

Vol 2| Vagl 20V
| P| —l GG| &P
0 mA < [D<[DSS




Shockley's Equation:

control variable

Ic =fUB) = EIB
|

constant

control variable

constants




TRANSFER CHARACTERISTICS

Transfer characteristics are plots of /p versus Vs for a fixed value of Vps. The transfer
curve can be obtained from the output characteristics as shown in Fig. , or it can be
sketched to a satisfactory level of accuracy (see Fig. ) simply using Shockley's
equation with the four plot points defined in Table below.

I (mA) A ATy (mA)

VGS= ov




Important Relationships:

¥ ¥
GO_(:_i ID=ID.§S(1_%)3 304_81 Ic =PI
Vas _HIS rng:O_"\;JJIE
(a) (b)
JFET BJI
re) 115
]Dless(l—ﬂ] Ic =plg
Vo —_
I, =1, “ e

I. =04 Ve =0.7V



EXAMPLE

Sketch the transfer curve defined by Ipss = 12 mA and Vp = —6 'V,

==

Solution

" Two plot points are defined by
IDSS =12 mA and VGS =0V
and Ip =0 mA and Ves = Vp

At Vs = Vp/2 = =6 V/2 = =3 V the drain current will be determined by I, =
Ipss/4 = 12 mA/4 = 3 mA. At Ip = Ipss/2 = 12 mA/2 = 6 mA the gate-to-source
voltage 1s determined by Vs = 0.3V, = 0.3(—6 V) = —1.8 V. All four plot points
are well defined on Fig. 5.16 with the complete transfer curve.

I, (mA)

12 Inzfm-llmA

- W Bk N - B®OY

" | 8 |
—f =5 =4 =3 =1 .|

o
T



FIXED-BIAS CONFIGURATION

 —————————————— e ——
- .




oleV

EXAMPLE

Determine the following for the network of Fig.

(@) Vs

(b) Ip,. e

(¢) Vbps. D

(d) Vp. G Ipss = 10 ma
I (e) VG- e +VGs nal |- o
| 1D Vs %
15 e

- =

Solution Mathematical Approach: '

I 2) Voo, = — Veg= =2V

— o VGS _2 V =
(®) I, I.Dss(l i — V)
= 10 mA(1 — 0.25)*> = 10 mA(0.75)> = 10 mA(0.5625)

= 5.625 mA

oo

©) Vps= Vpp — IpRy, = 16 V — (5.625 mA)(2 kQ)
=16V — 1125V =475V

L (@A) Vpyp=Vps =475V
: ©) o= Ftoo= =2V
I ov

C
A
[



Graphical Approach:

A I, (mA)
Inee = 10 mA
9
8
7/
______ - ————1Ip =5.6mA
5
4
______ 3____ Ipee =2.5mA
| 2 g
| 1
I | i l | =
-8 -7 -6 -5 -4 -3 -2 -1 0 Vas
p=-—8V ?:_A/ lVGSQ= Vg =2V

Vas = Voo = =2V

(b) Ip, = 5.6 mA

©) Vps = Vpp — InRp = 16 V — (5.6 mA)(2 kQ)
=16V —112V =48V

d) Vp="Vps=48V

() Vo="Vas=—2V

) V<=0V



SELF-BIAS CONFIGURATION

Vas = —IpRs




Vos = Vpp — Ip(Rs + Rp)

Vs = IpRs

Ve=0V

Vp=Vps+ Vs= Vpp — VRD




‘ EXAMPLE I




(b) At the quiescent point: ) I, (ma)

Ip, = 2.6 mA

________

:

= N W ke Y N 0

6 5 =4 3]
|
Vs, =26V

Ves (V)

W ps = Vpp — Ip(Rs + Rp)
=20V — (2.6 mA)(1 kQ + 3.3 kQ))
= 20N =] SV
=882V

= (2.6 mA)(1 kQ)
=AY
() V=0V
M) =Vt VsV TloV =112V



=
]

EXAMPLE

D =" DD \D ;
=12V-(38mA)15kQ)=12V-57V}
=63V

B RN

N e e

43

VGSQ =26V






VOLTAGE-DIVIDER BIASING







EXAMPLE

F mheznetwmk of Fig.

‘(ﬂ) IDQ 311d Vg,gg
| ':"_‘(b) V.D e
(d) VHS

L Vﬂg -

Solution

RV
@ .~ 220D
i l i Rl + Rz

270 k)16 V)

=182V

2.1 MQ + 027 MQ

Ves = Ve 7 IpRs
= 182V — I5(1.5 kQ)




I, (mA)

Ip, = 2.4 mA
I‘rGSQ = =18V
: 6
4
? I, =24mA
,_;4 DQ !

— Ip=121 mA(Vzs=0V)

E T e
(72) Vosp=-18V V=182V
i (Ip=0mA)

(b) Vo = Vop — IpRp
= 16 V — (2.4 mA)(2.4 kQ)
= 1024 V

(c) Vo= I Rs = (2.4 mA)(1.5kQ)
=36V

(d) Vps = Vpp — Ip(Rp + Ry)
— 16V = (2.4 mA)24 KO + 1.5 kQ)
= 60.64 V



of o =iln == 1024V =36V

= 06.64V

o

Voe = Vp = Vs
=11024 V= 180N
=842V




EXAMPLE J

. - IDSS:QIDA
Solution o R

§RS=1.5kQ

O Vas=-10 V

7_ ayllif Va:s “__VSS_ JfTJDRS

Vee =10V — Is(1.5 kQ)

1 o e 7 ID (mA)

Ip, = 6.9 mA

IGSQ = =033 V i




Vps =20V 4+ 10V — (69 mAX1.8kQ + 15kQ)
=30V -2277V
=723V

(¢) Vp=Vpp —IpRp
=20V—-(69mA)(18k)) =20V — 1242V
=758V

(d) Vps=Vp —Fs

OF el oy =il g
= J O8N = I3 N
=035V



BJT Modeling and AC Equivalent Circuit

Basic Concepts:

The key to the transistor small-signal analysis is the use of ac equivalent circuits or
models. A model 1s the combination of circuit elements, properly chosen, that best
approximates the actual behavior of a semiconductor device (BJT) under specific
operating conditions. Once the ac equivalent circuit has been determined, the graphical
symbol of the device can be replaced in the schematic by this circuit and the basic
methods of ac circuit analysis (mesh analysis, nodal analysis, and Thevenin's theorem)
can be applied to determine the response of the circuit. There are two schools of
thought in prominence today regarding the equivalent circuit to be substituted for the
transistor: fiybrid and r, model.

In summary, the ac equivalent circuit of the BJT amplifier i1s obtained by

Setting all dc sources to zero and replacing them by a short-circuit equivalent.

Replacing all capacitors by a short-circuit equivalent.

Removing all elements bypassed by the short-circuit equivalents introduced by

stapes 1 and 2.

Redrawing the circuit in a more convenient and logical form.

. Use the hybrid or r, equivalent circuit of the BJT to complete the equivalent circuit
of the amplifier.

6. Finally, the following parameters are determined for the amplifier:

a. Input impedance (Z;). b. Output impedance (Z,). c¢. Voltage gain (4,).

d. Current gain (A4;). e. Phase relationship (6).

W D —

gEs






Hybrid versus r, model:




COMMON-EMITTER FIXED-BIAS CONFIGURATION |

1; 1‘1‘..
Vo O
Rc
e R
m» i
I I
et
O 4 0
ah
- br, *
i 28
RB ‘ ﬁIb o RC i

Rp=10Bre

Z,= R, ohms | | mmmm—m)p | TN

e | | | | | |
P i, i
" N ‘_:-1
J
[SHe)



(Relrz)

T LM T T I




EXAMPLE

(a) Detennme ¥
(b) Find Z; (with r, = % (}).
(c) Calculate Z, (with r, = = ().
(d) Determine 4, (with r, = = ).
(e) Find 4; (with 7, = = Q).

;(f) Repeat parts (c) through (e) mcludmg o = 50 kQ in all calculations and compare‘
 results.

DV 0y
T o Rg

= 24.04 pA




aili e

1t i
Miimingrisier e b Sk i

(D Z,=rJRe=50kQ3kO =283 kQvs. 3O
| rlRc  2.83 kQ

i
|

A, =

"

0TEg

BRB’ o

—264.24 vs. —280.11
(100)(470 kQ)(50 kQ)

4 = T RORs + Br) . (GOKQ + 3 kO)(@70 kQ + 1.071 kO)

As a check:

L
‘,,:Q;-—-

st s st e S e b

= 94.13 vs. 100

—(—264.24)(1.069 kQ) .5
TR0 = 94.16




1

VOLTAGE-DIVIDER BIAS

,_*,_i_”_,‘, =

(R4}




VR R SRS LTE)
il s,

S




EXAMPLE







| CE EMITTER-BIAS CONFIGURATION |




ﬁhmkﬁm&.‘m‘}ﬁﬁ*ﬂ "11':’*:!!&%‘_’

£




1

EXAMPLE

For the network of Fig. without Cz (uﬁb‘ypassed):, determine:

(a) r..
(b) Z.
{es HEARS
(d)y 4.
(e) 4.

Solution

() DC: I

and v

20V

§2.2 kQ
10 uF
470 kQ

St

G
10 uF Zy

Vo )| 1 B =120.7,=40kQ

L
S SETHHTA ]
* ——n
7 056kQ ==Cg

' 10 uF

-

Rat (BT 1DR: 470K0 + (121056 kQ T 20 4

= (B+ DIz = (121)(46.5 pA) = 434 mA
L 26mV. | 26 mV
B e RN

= 5.99 Q)






! -L_;Um[ iy
ﬁﬂnhum re=d
T&'“pi‘ 3

ST
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00

LI
e







JEET Small-Signal Analysis

The derivative of a function at a point is equal to the slope of the tangent line

drawn at that },?Ol-z‘lr.

4 Fiad
il Ul _ 2pss
PP IP g?J?O 1VP

Sm gmo[l S I?S:!

FET AC Equivalent Circuit

T

e
)

[ =
e
\
)

So



JEET FIXED-BIAS CONFIGURATION |

Xp =00
gy
: / Gl
Vi

Battery Vg
replaced by
short

Battery Vpp
replaced by
short



'Huk‘i il

Tivi

0




EXAMPLE

" The fixed-bias configuration

(a) De-termihe i

(c) Determine Z,.

(d) Calculate Z,..

(e) Determine the voltage gain A |
(f) Determine 4, ignoring the E:ffe:cts of 1.

e

20V
Solution
2kQ

Gy
D I
I\

C
+

G T Ipge=10mA
5 ’I ~ i DSS
e % 'I: Vp=-8V







| JEET SELF-BIAS CONFIGURATION |







JFET VOLTAGE-DIVIDER CONFIGURATION

+ VDD

Figure
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