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Semiconductor Materials: Ge, Si, and GaAs

Semiconductors are a special class of elements having a

conductivity between that of a good conductor and
that of an isulator.

* They fall into two classes : single crystal and compound
* Single crystal : Germanium (Ge) and silicon (S1).
* Compound : gallium arsenide (GaAs).

cadmium sulfide (CdS).

gallinm nitride (GalN).

gallium arsenide phosphide (GaAsP)

The three semiconductors used most frequently in the
construction of electronic devices are Ge, Si. and GaAs.
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History

» Diode , 1n 1939 was using Ge

» Transistor, in 1947 was using Ge

= Inl954 S1 was used in Transistor because S1 1s less
temperature sensitive and abundantly available.

= High speed transistor was using GaAs in 1970 (which 1s 5
times faster compared to Si1)

» 5S1. Ge and GaAs are the semiconductor of choice

L
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Atomic Structure

Valence shell (4 valence electrons) WValence shell (4 valence electrons)

Valence
eleciron

J Valence
‘l, electron

orbiting
electrons

Germanium N electrons
Silicon

32 orbiting electrons

14 orbiting electrons
(tetravalent)

(Tetravalent)

» Valence electrons: electrons in the outermeost shell.
»  Atoms with four valence electrons are called tetravalent.
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Atomic Structure

Valence shell {3 valence electrons ) Valence shell (5 ﬁlence electrons)
T — Yalence - _—~Valence
shells ' ) eleciron shells - electron
- ' (720N
: ) ] II t -|| I’. + }
L

Mucleus orbiting

T MNucleus orbiting
electrons
Gallium
Arsenic
31 Drbi_ting electrons 33 orbiting electrons
(trivalent) (pentavalent)

*  Atoms with three valence electrons are called trivalent. and
those with five are called pentavalent.

L
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Covalent Bonding

c@= @ =@-
‘ | |
Sharing of electrons
e \ ~—= / A |
/- — — ‘, i N ,‘_
Valence electrons

_@_ _'@’-’1 ;@_

Covalent bonding of Si1 crystal

This bonding of atoms. strengthened by the sharing of electrons.
1s called covalent bonding
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Covalent Bonding

There 1s sharing of
electrons. five electrons
provided by As atom and
three by the Ga atom.

Covalent bonding of GaAs crystal
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Energy Levels

I Energy
Valence level (outermost shell)

Energy gap T

v S :
P— Second level (next inner shell)
Energy gap
P Third level (C(C.)
elc.
_

l Nucleus

Jre—— ...

(a)
L he tarther an electron 1s irom the nucleus. the higher i1s the
energy state.
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Unable to reach

e
conduction level ™

-~

Energy

Conduction band

——
—
-

Insulator

-‘v Y ‘ ‘ clectrons
é .2. .a. 2/( bound to
Valence band the atomic

Energy Levels

Electrons
"free" to
establish
conduction

Valence

stucture

. |

b Encrgy

Conduction band

-

g!-_;:
g '

| LWL |
| P

Valence band

E, = 0.67 eV (Ge)

0 IR |

E;, = 1.43 eV (GaAs)
Semiconductor

The bands

overlap—_ m

v Energy

Conduction band

Valence band
Conductor

An electron in the valence band of silicon must absorb more energy than
one in the valence band of germanium to become a free carrier. [free
carriers are free electrons due only to external causes such as applied
electric fields established by voltage sources or potential difference.

10
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n-l'ype and p-Type materials

n-Type Material

Un-Type materials are created by

adding elements with five valence

electrons such as antimony. arsenic.

and phosphorous.

There 1s a fifth electron due to
the (Sb) atom that 1s relatively free
to move 1n the n-Type material.

(A The atoms (1n this case 1s
antimony (Sb)) are called donor
atoms.
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n-lype and p-Type materials
n-Tvpe Material

¢ Energy

Conduction band 1

1~ E, = considerably less than in Fig. 1.6(b) for semiconductors

v 3ozp o f e . TN
E, for intrinsic — % " Donor energy level
materials =

Valence band

The free electrons due to the added atoms have higher energyv

levels and require less energy to move to conduction band.
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n-lype and p-Type materials

p-Type Material

' | \ |
ul‘ <) - Void [ &
‘ (4 or Q)
N E

N -
‘ | Boron (B)
’ impurity |

dp-Type materials are created by
adding atoms with three valence
electrons such as boron. gallium. and
mdium.

1In this case. an msufficient
number of electrons to complete the
covalent bonds.

U The resulting vacancy i1s called a
“hole” represented by small circle or
plus sign indicating absence of a
negative charge.

The atoms (in this case boron(B)) -
are called acceptor atoms. o
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Majority and Minority carriers

Two currents through a diode:

Majority Carriers
*The majority carriers in n-type materials are electrons.
*The majority carriers in p-type materials are holes.

Minority Carriers
*The minority carriers in n-type materials are holes.
*The minority carriers in p-type materials are electrons.

n-type pP-type carrier

Donor ions Acceptor ions
P T

/_. S R & el — Majority : o \_
P T __+~  carriers + 5 + + o~
= D N O T B ~ .+ + —at +
+ : T+ -t a + 3 =

e o & + e ——— Minority Majority P - +
i ~ =N carrier carriers = \+ 7

™~ Minority

14
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p-n Junctions

One end of a silicon or germanium crystal can be doped as a p-
type material and the other end as an z-type material.

The result is a p-n junction.

O—{p npr—~oO




p-n Junctions

At the p-n junction, the excess

conduction-band electrons on the

n-type side are attracted to the

valence-band holes on the p-type
side.

The electrons 1n the n-type
material migrate across the
junction to the p-type material
(electron flow).

The electron migration results in a
negative charge on the p-type side
of the junction and a positive
charge on the n-type side of the
junction.

Depletion region

The result is the formation of
a depletion region around
the junction.

16



Diodes

The diode is a 2-terminal device.

A diode ideally conducts in only
one direction.

Vp Short circuit

—
I (limited by circuit)
_ Vb + _/Open circuit
o ’l O — Ol )
-
lf)=0

17



Diode Operating Conditions || "™
* Forward bias

*  Reverse bias

Semiconductor Diode Construction

T— Depletion Region FGI’WEll'd bias

Reverse bias
P

T— Depletion Region T— Depletion Region
widend disappears
Voltage Supply \oltage Supply

K .




No Bias

Diode Operating Conditions

Depletion region

O +

No external voltage is applied: V,=0V
No current is flowing: I,=0 A
Only a modest depletion region exists

Vp=0V

(no bias)

~~ Metal contact

+ VD=OV _
O ” O
—’—

ID=OmA
O e p n pP———©0©

19



Diode Operating Conditions

Reverse Bias Vp %
External voltage is applied across the p-n junction in .I I
the opposite polarity of the p- and n-type materials. 2

~4——— [, Minority-carrier flow
/ majority — 0 O——l P ‘ Iy I—O
e -—j L +
(Opposite)

The reverse voltage causes the
depletion region to widen.

The electrons in the n-type material
are attracted toward the positive
terminal of the voltage source.

The holes in the p-tyvpe material are
attracted toward the negative 20
terminal of the voltage source.




Diode Operating Conditions

+ -
| =
Forward Bias .
External voltage is applied across the p-m junction in
the same polarity as the p- and n-type materials.
— SIS
~—— ! e
o frn:'ljﬂn'ﬂr'} I = Inajoriy — 1 (Similar)
—E?_ @_ ¢« The forward voltage causes the
+ 5 &){13 = @_ - | depletion region to narrow.
| ® = ¢« The electrons and holes are pushed
DEPIE[.“}‘*‘“ region & toward the p-n junction.
* The electrons and holes have
[ In In sufficient energy to cross the p-n
Iy junction.
.
Yp

21



Actual Diode Characteristics

Note the regions for no
bias, reverse bias, and
forward bias conditions.

Carefully note the scale
for each of these
conditions.

The reverse saturation
current is seldom more

than a few microamperes.

I, =1I(e"" 1)

[ ]
=

k=]

Atual commercially

avaulabie unit
17
16 I
15
14
]
17 : ]
Defined polacity and
3 direction for graph
1o i . Vi _—
g- . H |
8 H — 1y _
]
! H Forward-bias region —
] '= (Vi =0V, Jp=0 mA)—|
5 : | |
4 3
.
: !
& ¥
1

_ Roverse-bias

mA




Diode equation

Ko s
q
where
V. 1s called the thermal voltage.
I : 1s the reverse saturation current.
Vp : 1s the applied forward-bias voltage across the diode.
n : 1s a factor function of operation conditions and physical

construction. It has range between 1 and 2. assume /=1 unless
otherwise noted.

K - is Boltzman’s constant =1.38 x 10?3

I 1s temperature in kelvins = 273+temperature in C.

q: 1s the magnitude of electron charge = 1.6 x 10-*° C.

o
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Zener Region

The Zener region is in the diode’s reverse-bias region.

At some point the reverse bias voltage 1s so large the
diode breaks down and the reverse current increases
dramatically.

 The maximum reverse voltage
that won’t take a diode 1nto the
zener region is called the peak
inverse voltage (PIV) or peak
reverse voltage (PRV).
The voltage that causes a diode
to enter the zener region of
operation 1s called the zener region
voltage (V).
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Forward Bias Voltage

The point at which the diode changes from no-bias condition to
forward-bias condition occurs when the electrons and holes are
given sufficient energy to cross the p-n junction. This energy
comes from the external voltage applied across the diode.

The forward bias voltage required for a:

* gallium arsenide diode=1.2V
 silicon diode= 0.7V
 germanium diode=0.3V
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Comparison Ge, Si, GaAs

4 Ip(mA)
%) I
|
25 l
30 ’_ , i
1Ge | St GaAs
15 |

10 f
5 f
[if
V, (GaAs) —100 V 30 _ZL__../ | :

: 0.3 07 1.0--1.2 ! AI\'I
|' (Gas o ye D
pytrane) Vi (Ge) Vi (50) Vi (GaAx)
13 pA
‘/”,',l’.’__ - s ———— )Y Y

I (Si i
’

I uA

I, (Ge)

W
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Temperature Effects

As temperature increases 1t adds energy to the diode.

» It reduces the required forward bias voltage for forward-bias
conduction.

 Jtincreases the amount of reverse current in the reverse-bias
condition.

Germanium diodes are more sensitive to temperature variations
than silicon or gallium arsenide diodes.
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Temperature Effects

[y (A
(1O CR=25 mVIC)=-035V
¥ e iy 2
30 I , :
- | Ul &
SFigh &
a< A-plte
] 3
—_—
llth.'Ll.‘l.I'_." i Decreasing
20 femperutuney ! Lemperature
15
10
I, =001 pA 5
X
10 30 200N 10
: “11 oA LAY Ve (V)
S Incre .|'~i(‘:‘
- wn I‘-,'I.llll‘u'
Increasing : JL
emnperatue :
-~ J'
-———————— - 1! -“.\
f 73%
I
I 3°C
: =
I125°C &
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Resistance Levels

Semiconductors react differently to DC and AC currents.

There are three types of resistance:

* DC (static) resistance
* AC (dynamic) resistance
* Average AC resistance
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DC (Static) Resistance

For a specific applied DC voltage
V5. the diode has a specific current

I, and a specific resistance R,




EXAMPLE 1.3 Determine the do resistance levels for the diode of Fig. 1.24 at

a. Ip = 2 mA (low level)
b. I = 20 mA (high level)

c. Vo= —10V (reverse-biasad)

fryimmA)

2§ - - —— - -

M e e m o D

ki 0 05 08 W iWVi

Solution:

a. Atlg = 2mA, Vo = 03V (from the curve) and

Vo 05w

Tp  2ZmA

b. Atlfp = 20 mA. ¥V = 0.8 V {from the curve) and
Rﬂ=&=4|_ﬂ.3\" = 40 1}

Rp = 250 0}

Ip  20mA
c. At¥p=—10¥_Ip=—I, = —1 pA (from the curve) and
¥ 10V
Rp=-2=—=10M£}

I, lpA
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AC (Dynamic) Resistance

The dynamic resistance 1s the resistance
offered by the diode to the AC signal. Is 1s
equal to the slope of the V7 characteristics
(dV/dl or AVIAT) .

change mn voltage dvr AV

e = — —
D . .
resulting change in current  dl Af

Diode charactenistic

S

.

.,

|~ Tangent line

(-point
[dc operation)
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AC (Dynamic) Resistance

dl

D VpinV.
e g o'

since I, =1, (EF‘D":”FI -'1) =

D

| : dl
I.+1) ., since I, >>1] ., —2 =
( D 5) D 5 ° dV

D

Iy
nV

T

av , nv.,
dl , /

D

for n=1, and at room temperature of 27°C, T=273+27=300K

kT (138x107)

”
q 1.6x107"°

T

=26mV
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AC (Dynamic) Resistance
In the forward bias region: r; :Mﬂvﬁ
1,

The resistance depends on the amount of current (/) in the diode.

1, = 26 mV/I 1s the resistance of the p-n junction and does not
mclude the resistance of the semiconductor maternial itself (the body
resistance).

5z 1s added to account for body resistance and it ranges from a
typical 0.1 Q to 2 Q.

In the reverse bias region:

rq =0

The resistance 1s effectively infinite. The diode acts like an open.




EXAMPLE 1.4 For the characteristics of Fig. 1.27: Solution:

a. Determine the ac resistance at fp = 2 mA. a. For I = 2 mA, the tangent line at [, = 2 mA was drawn as shown in Fig. 1.27 and a
b. Determine the ac resistance at [, = 25 mA. swing of 2 mA above and below the specified diode current was chosen. At I = 4 mA,
€. Compare the results of parts (a) and (b) to the dc resistances at each current leveal. Vp=0T76V,and at I = 0 mA, V = 0.65 V. The resulting changes in current and
voltage are, respectively,
[pimA) Aly=4mA — 0mA = 4 mA
and AVy =076V - 065V =011V
and the ac resistance is
AV 0lly
B fp=—t=———=12150

47 Al 4mA
b. For I = 25 mA, the tangent line at I, = 25 mA was drawn as shown in Fig. 1.27 and
ba >4 Al a swing of 5 mA above and below the specified diode current was chosen. At I, = 30 mA,
Vop=08V, and at Iy = 20 mA, Vp = 0.78 ¥. The resulting changes in cumrent and
! voltage are, respectively,

m_ ________________________ [}
Na, Al; = 30mA — 20mA = 10mA
; | and AV =08V — 078V = 002V
i and the ac resistance is
! AVy; 002V
10} : fp=—2=""—"=121
; Aly 10 mA
B c. Forfg=2mA, V=07V and
5 ' ¥ 07v
-~ - ! Rp=—=——=3501)
2 j };:}m,, Ip ImA
L1 1 1 1 Lot 11 ;
o[ 01 02 03 04 05 06 07 08 09 | Vi) which far exceeds the ry of 27.5 £1.
—
AV,
FIC. 1.27 For I;, = 25 mA, Vj, = 0.79 V and
Example 1.4. R, = Vo _0PV _ Il.62 1)
0, 23mA

which far exceeds the ry of 2 1),
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Average AC Resistance

b Ay imA)

0

AV,

t. to pt.
Y72 | pt. top

AC resistance can be
calculated using the current
and voltage values for two
points on the diode
characteristic curve.

02 03 04 05 06 07 08 09 1 . (v

W

AV,




For the situation indicated by Fig. 1.28,
Al;=1TmA — 2mA = 15mA

and AV, =0T75Y¥V - 065Y =0075V
| [pimA) AV 0.075 ¥
with fay = L= =350
Al 15 mA
e If the ac resistance (r;) were determined at I = 2 mA. its value would be more than 5 €2,
and if determined at 17 mA, it would be less. In between, the ac resistance would make the
D e EE R | transition from the high value at 2 mA to the lower valoe at 17 mA. Equation (1.7) defines
a value that iz considered the average of the ac values from 2 mA to 17 mA. The fact that
15— one resistance level can be used for such a wide range of the characteristics will prove quite
useful in the definition of equivalent circuits for a diode in a later section.
As with the dc and ac resistance levels, the lower the level of currents used to determine
the average resistance, the higher is the resistance level.
ﬂ;l!i lﬂ—
5
= *__ s
L1 Yoo,
B 01 02 03 04 05 06 07 OF 09 1
o o (V)
AV,

FIG. 1.28

Determining the average ac resistance between indicared limits.,
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Diode Equivalent Circuit

/ldcul diode
Bt o
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Diode Specification Sheets

Data about a diode is presented uniformly for many different diodes.

Forward Voltage (V) at a specified current and temperature
Maximum forward current (Ig) at a specified temperature

Reverse saturation current (Ig) at a specified voltage and
temperature

Reverse voltage rating, PIV or PRV or V(BR), at a specified
temperature

Maximum power dissipation at a specified temperature
Capacitance levels

Reverse recovery time, { (is the time required for a diode to stop
conducting once it 1s switched from forward bias to reverse bias)

Operating temperature range
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Diode
Specification
Sheets

2

s
H

DIFFUSED SILICON PLANAR

SUV LISV (MIN) 6 100 pA (BAYTS)

ABSOLUTE MAXIMUM RATINGS (Note 1y

Tewmgeratures Ll
Ssocage Temperatare Kange 43°C 1w #200°C l 4
Maxnam Mnction Operating Temperyurne +«175'C i
Tl Temperalne +260°C

Power Dissipation (Note 2) : ::.
Macituem Tool Power Dicsip 2 25°C Ambi 500 W
Lawar Power Dorasieg Factor (from 25°C) A3 mWIC

Macimum Veltage and Currents
wv Warking Inverse Volups BAYT 10V |
s Averape Recnfied Cormend 00 mA e .’: "_ o iie

Comtirsos Forwant Oursent 500 mA banat i
i Peak Repetitive Forweand Cumrest SO0 mA TS
[ Y—— Peak Foowes! Surge Cunrent

Pulse Wilth = 15
Pulse Wilth = 1 s

{ DOISOUTLINE

ELECTRICAL CHARACTERISTICS (25 C Ambicat Temperature unless stherwise soted)

HAYT3
S MBoOL HARACTERIS IIC I — - NITS IEST CON ONS
C L < TR L E ONIITIONS
v, Forwand Volisge 0ss | 100 V| Ip=20mA
0Kl | ass v Tp = 100 mA
o™ | ass v Ty = 50 mé
o | o8 v Ip = 10 A
067 | 078 v Iy = S0mA
O | D68 | W Iy = LOmA
} " . N
3 I {—— Reoverse Current S0 | A V=20V, Ty= 125°C
14 HA Ve OOV, T, » 125C
0.2 nA Va =20V, Ta=25°C
oS nA Ye » DV, T, = 25'C
By Hreabdown Yaolugpe 125 v Iy = OO pA
— " Capecrtance 1 ¥0 | pF Ve =0, [ = 10 MHz
—
+ L. +— Revera Rocovery Tunc 10 [ s fp=0mA, Vg =SV
Ry = 10w 100 k0
Cy = 10pF, JAN 256
NOTAS
Thew rwmgs ane Sewewg S ders sbuer mhah b sersrcoeivbey of 15 Goace yuy b e

< Thew s udy <

®hrim T oo Coalt by seaicnd o spicEles meol «

45 o1 v Ty e

" Weanca

14
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Diode Symbol and Packaging

. l" I
: 1114 v F row
¢ ! :
o | - -ore K olc. - g4 N
| l " |

The anode 1s abbreviated A
The cathode 1s abbreviated K

Cathode

(=)
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(Ohmmeter)

Di()de TeStlng - Ohmmeter .. Relatively low R

i Black lead
(V1) l l COM)
+ -

An ohmmeter set on a low Ohms scale can be used P
to test a diode. The diode should be tested out of

Relatively high R

(COM) Vi)

Cil.(‘llito Black lead l 1 Red lead

3

Bl
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Other Types of Diodes

Zener diode
Light-emitting diode
Diode arrays
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Zener Diode

*A Zener diode 1s a type of diode that permits current
not only 1n the forward direction like a normal diode,

but also 1n the reverse direction if the voltage 1s larger

than the breakdown voltage known as "Zener voltage*
(v z)-

Common Zener voltages are between 1.8 V and 200 V.

«Zener diode 1s used as regulator (circuits will be shown
in chapter 2).
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Light-Emitting Diode (LED)

*An LED emits photons when i1t 1s forward biased.
*These can be in the infrared or visible spectrum.
*The forward bias voltage 1s usually 1in the range of 2 Vto 5 V.

Light-Emitting Diodes

Color Construction Tvpical Forward
Voltage (V)

Amber AlInGaP 2.1 P
Blue GaN 5.0 + ~ —

o H o
Green GaP 2.2 —!I- f
Orange GaAsP 2.0 b b
Red GaAsP 1.8
White GaN 4.1 19
Yellow AlInGaP 2.1
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Diode Arrays

Multiple diodes can be
packaged together in an
integrated circuit (IC). Common Anode

A variety of combinations
exist.

Commaon Cathode
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Load-Line Analysis (graphical solution)

» The analysis of diode can follow one of two paths: using the
actual characteristics or applying an approximate model for the
device.

»Load Line Analysis: 1s used to analyze diode circuit using 1ts

actual characteristics. { I, (mA)
] m.

—l.— 0 ’F (V)

(a)

(b
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Load-Line Analysis (graphical solution)

I

- Characteristics (device)
Q-point

___— Load line (network)

7 - s
! T )(J [ » ! D

*A straight line 1s defined by the parameters of the network.
*It 1s called the load line because the intersection on the vertical
axes 1s defined by the applied load R.




University of Anbar - Fundumental of Electronic |

College of Engineering ! Msc: Munther Naif Thiyab
Dept. of Electrical Engineering :

Load-Line Analysis (graphical solution)

_ Characteristics (device)

Q-point

___— Load line (network)

>

\j)( ) ;. \,[ )

*The maximum 7/, equals £/R, and the maximum V,equals £
*The point where the load line and the characteristic curve intersect

1s the Q-point, which identifies 7, and V, for a particular diode 1n a
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Exale 2.1

For the given diode configuration and diode characteristics,
222 X T T
determine: Vg , Ino and Vi.

A Ip (mMA)

201
18 1
16 1+
14 1
12 1+
101
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Example 2.1 - Solution

(}-point

— Load line

10V, (V)
(E)

*The load line 1s firstly drawn between Vo=E=10 V and
I[,=E/R=10/0.5k=20mA. The intersection between the load line and
characteristics defines the Q-point as V,=0.78 and I5,,=18.5mA.




University of Anbar - <8 Fundumental of Electronic |
College of Engineering ﬁ Msc: Munther Naif Thiyab
Dept. of Electrical Engineering R [

Diode Coﬁgurations

JThe forward resistance of the diode 1s usually so small
compared to the other series elements of the network that it can

be 1gnored.

JIn general, a diode i1s in the “on” state 1f the current
established by the applied sources 1s such that its direction

matches that of the arrow 1n the diode symbol, and V=0.7V for

silicon, V,=0.3V for germanium. and V=12V for gallium

arsenide.

JYou may assume the diode 1s “on”. and then find the current
in the diode. If the current flows into the positive terminal of the

diode, then the assumption 1s right, otherwise, the diode 1s “off”.
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Series Diode Configurations

PH—

Forward Bias +

E =
Constants -
* Silicon Diode: Vp=0.7V

*  Germanium Diode: Vp=03V -_L

Amnalyvsis (for silicon)

—o |||
. Vp =07V (or Vp=FEif E<0.7TV) -
- JF.I'J ./ \Y

e Ve=E-—V,

o Iy=Io=I,=Vy/R=(E-Vp) /R
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Series Diode Configurations

Reverse Bias +

Diodes ideally behave as open circuits

Analysis

V=0V
I,=0A

Equivale-nt circuit for the “off” diode
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Example 2.4

*Determine V, V; and 1.
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Example 2.5

Determine V,, V; and I,

L

0
]
=)

=9, R&22KkQ V,
L

Solution

Iin=0A
et
+y - Ig=0A
i
+ +
E= 28V R&22kQ V,

10
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Example 2.6
Determine V., Vi and 1.

Solution

+0.5V

[,=0mA
+
Vb

+
Ve=0V

n

i

B




University of Anbar T - Fundumental of Electronic |

College of Engineering Msc: Munther Naif Thiyab

Dept. of Electrical Engineering

Example 2.7

Determine V, and I,. The forward bias voltage forred LED 1s 1.8 V.

Solution Si I i

+12 vo—P—P— oV,
—— red
D
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Example 2.8

- . . Si Si
Determine I, Vp, and V. Bl

4 -] -

: . 4
Solution —/> i

| 5.6 kQ
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Example 2.9

DetermuneI V,.V,andV

Solution

(0]

P

Si H
R,

2.2 kQ

h
<

16
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Parallel and Series-Parallel Configurations
Example 2.10 N 033kQ

= AAA—— 5 o
. T //)‘ /'
Determine V,, I,,I,,,and I, o R L | ‘ >
Solution E= 10V D, V¥si D,V Ssi %
L o« - O

I + Vi -
—p .33 kQ2

) — W tB"’ tB’”

E = 10V 0.7V =7/ — 07V,

I T T
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Example 2.11: Find the resistor R to ensure a current of 20 mA
through the “on” diode for the given circuit. Both diodes have
reverse breakdown voltage of 3V and average turn-on voltage of 2V.

Solution +8 V

+8 V

*20 mA
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Example 2.12

Solution

Determine the voltage V.

——0
x
<

iy S green

2.2 kQ
@12V A ereen LED

0.7TV—V; 07V

I
t-J
<

oV,

2.2 k) .
;
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Example 2.13 Determine the currents I,,I,and I,

R,
Si 3.3kQ
B — AAA—
Dl
~he
E=20V Si VWD,
ot b
[ R, »
— AN

e 5.6 kQ

% Solution

Ky
+ 07V—
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_ . Si
AND/OR Gates (1) E=10 v? b
: D
E-Xﬂmple 2.14 Determine V, ]
Si
(0) 0 ve—pp} ol
2 D,
R &1 kQ
Logic OR gate
Vi Solution
# LAY ,
N D
E E 10 V
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AND/OR Gates: Example 2.15 = love—iq

| D,

Determine the output level for the logic - &
AND gate E,=0V o—Iid

3
‘ D,

Logic AND gate +

E

Solution

o

Vi
SqE

(L7 W=
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Diode Applications

Diodes are used in many applications:

(a) Rectifiers

(b) Clippers or Limiters
(¢) Clampers

(d) Voltage Multipliers
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Sinusoidal Inputs: Half-Wave Rectification

A 11‘;

V

/\m

¥ 4 |T?
2 |
|

| cycle -t

;= V., H]I] ()]

Half-wave Rectifier
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Sinusoidal Inpufts: Half-Wave Rectification

JFor t= 0 — T/2. the diode is on.
dDiode is substituted with short-circuit equivalence for ideal diode

(reduce complexity).

Conduction region (0 — T/2).
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Sinusoidal Inputs: Half-Wave Rectification

JFor the period T/2 — T, the diode is off.

(dDiode is substituted with an open circuit.

Nonconduction region (T/2 — T).
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Sinusoidal Inputs: Half-Wave Rectification

A Vi

4
Vin

VY

V "

- o= ---A-—- \ I =1} 4‘-1\\ -

4

s

The DC output voltage is 0.318V, where V= the peak AC voltage.
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Sinusoidal Inputs: Half—Wave Rectification

U The effect of using a silicon diode with V=0.7 is shown.

U The diode is “on” when the applied signal is at least 0.7 V.

dv =v,—v,

1

QFor V,>>Vy : | Vpe=0.318 (V,.-Vy) |

R o
Offset due to Vi
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Example 2.16

a) Sketch dc output v, and determine the dc level of the output.

b) Repeat (a) if the 1deal diode 1s replaced by silicon diode.

7

O
+
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(a)

’()\

LI V=193V

\lr
V
V

Vpc=-0.318 V_
Vooc=0.318 (20)
\‘rDC‘z- 6 a 3 6 \"

;,;\/»,- \/ |
) 20V

0318 (V.- 0.9)
-~ —0:318 (19.3)
AN
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PIV (PRV)

Because the diode is only forward biased for one-half of the AC
cycle, 1t 1s also reverse biased for one-half cycle.

It 1s important that the reverse breakdown voltage rating of the
diode be high enough to withstand the peak, reverse-biasing AC
voltage and avoid entering the Zener region.

PIV (or PRV) >V,

« PIV =Peak inverse voltage
* PRV = Peak reverse voltage
- V,=Peak AC voltage
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Full-Wave Rectification

U The rectification process can be improved by using a full-wave
rectifier circuit.

JFull-wave rectification produces a greater DC output:

« Half-wave: V,_ =0318V,,
* Full-wave: V, =0.636V,
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L Vo

Network for the period 0 — T/2
of the input voltage v,
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Full-Wave Rectification — Bridge Network

AV AV,

——A- V. =0.636V,,

\ 4 :

The DC level 1s now twice that of half wave rectifier=2(0.318V )

\"D C :() . 6 3 6 \/Tln
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Full-Wave ReCtlﬁCdthll Bridge Network

If silicon diode 1s used.

Vo wax— Ve = 2V

O 1nax i

For'V,.>>2V,; : VD636 (V.. =2V )
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Full-Wave Rectification

Center Tapped Transformer Rectifier
: D,

1:2

‘/

m

+
I
- \’(‘

Q
tal~

V5=0.636V

111

15
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Center Tapped Transformer Rectifier
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Summary of Rectifier Circuits

Rectifier Ideal V5 Realistic V5

Half Wave Rectifier Vpe=0.318V, | Vpe=0.318(V,— 0.7)

Bridge Rectifier Vhe = 0.636 1V, Vpe = 0.636(V,,— 2(0.7))

Center-Tapped Transformer

Ve =0.0361V Vhe=0.630(V _—0.7
Rectifier DC m DC (Ve )

V,, = peak of the AC voltage.

In the center tapped transformer rectifier circuit, the peak AC voltage
is the transformer secondary voltage to the tap.
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Example 2.17

Determune the output
waveform for the network
and calculate the output
dc level.

Solution

Fundumental of Electronic |
Msc: Munther Naif Thiyab
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Vomax=(1/2) Vipax =(1/2) 10=5V

"pc—=0.636(5V)=3.18 V.

For the negative part the roles of
the diodes are interchanged and
v, appears as shown 1n figure.
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Full Wave Rectifier w 1th Smoothing Capacitor
(A(., to DC Converter)

Bridge
Rectfier

<y

Smoothing
Capadcitor

-

‘ C Charges C Discharges > Waveform
Ripple . v ‘ with
Capacior

yWaveiomm
\ / \ / vathout

V V Capacitor

Resultant Output Waveform
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Diode Clippers

Clippers are networks that
employ diodes to “clip” away
a portion of an input signal
without distorting the
remaining part of the applied
waveform.
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Biased Clippers

Adding a DC source in series with the clipping diode changes
the effective forward bias of the diode.

Ll o
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a

V (diodes change

Determining v, for the
diode in the “on” state.
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’

| V;

I

20V

Example 2.18 Determine the output waveform for the network.

V=5V
PESES

o

-5V

T I
Transition
voltage
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Example 2.19 Determine the output waveform for the network.

AV

Solution

V=35V
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Parallel Clippers

The diode in a parallel
clipper circuit “clips”
any voltage that forward
bias it.

DC biasing can be added
in series with the diode
to change the clipping
level.
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Example 2.20

Determine v, for
the network shown.

Solution

4 V transition level

T T :
2
|
|
n
I
s
x
|
[
[
|

A
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Example 2.21

Determine v, for
the network 1if silicon

diode 1s used.

Solution
A Vg

16 V R

| D - 0.7V
3.3V _ Ei
4

0 T =4V

p =3

.Determining v, for the diode in the “on” state
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Summary of Clipper Circuits

Simple Scries Clig

POSITIVE NEGATIVE

g

more,.,
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Summary of Clipper Circuits

Simple Parallel ¢ s (Hdea

--——\ |Vll>l\':l

o B =y
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Clampers

LV;

=

A  clamper is a network
constructed of a diode, a resistor,
and a capacitor that shifts a
waveform to a different DC level.
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Clampers

R 1s chosen such that the discharge
period 5t=5RC 1s much larger than
the period T/2—T, and the capacitor
1s assumed to hold onto all its charge.

-
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Clampers

A} v,‘
V
0 T
2
V-
|
|
l
|
Y |
|
0 T
2

O 9 o}
+ +
V; ! R |

oz -+ °
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Example 2.22 Determine v, for the network.

L, f=1000Hz
10 C =0.1 pF

1L
n

+

20 f-— -~ _T

T —~

Solution —25V
- y - | +
+ E +

v |

R 100 k{)

V =5V

O

s > )

Determining v, and V-with the Determining v, with the diode
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Example 2.22

R & 100 k2




University of Anbar P Fundumental of Electronic |

College of Engineering A : Msc: Munther Naif Thiyab
Dept. of Electrical Engineering '

Summary of Clamper Circuits

Clamping Networks

Clamping circuits with ideal diodes (5t = 5RC >> T/2).
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Zener Diodes

*A Zener diode 1s a type of diode that permits current
not only in the forward direction like a normal diode,

but also 1n the reverse direction if the voltage 1s larger

than the breakdown voltage known as "Zener voltage*
(‘Yz).

Common Zener voltages are between 1.8 V and 200 V.

«Zener diode 1s used as regulator.
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E_

E"“‘“n—’l—c—p—r

Approximate equivalent circuits for the Zener diode in the three
possible regions of application.
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Example 2.24 Determine the reference voltages
provided by the network which uses a white LED
(4V) to indicate power 1s on. What 1s the power
delivered to the LED and to the 6 V Zener diode.

V.=V, +Ve=33+0.7=4V
+V, =4+6=10V
The 4-V across the white LED
40-V,-V,, 40-10-4 26
1.3k PN itk
the power delivered by the supply
P, = ExI4 = Ex I, = (40V)x (20mA) = 800mW
the power absorbed by the LED
P ep = Vien X L1gp = (4V) x (20mA) = 80mW

the power absorbed by 6-V Zener diode
P, =V, x1,=(6V)x(20mA)=120mW

V,=V

o ol

=20mA

IR . 'ILH) =

40V
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Remove Zener diode from network.
Calculate Vacross open circuit.

It V=Vz , Zener diode 1s on.

It V=Vz. Zener diode 1s off.

% Determining the state Substituting the Zener equivalent
nf the Feneyr diode for the “on” situation
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Example 2.26

(a) For the Zener diode network, determune V;, V. I, and P,.
(b) Repeat part (a) with R; =3 kQ.

AN

R=1k£2 l/
7

+

I PZM=3OmW
&
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R

Example 2.26 - Solution
(a) determune V,, Vi, I, and P,. (R;=1.2 kQ)

Ip
——

——— AN

-+

Iz ¥

-

V=8.73 V (<10)
IZ=0
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Example 2.26 - Solution
(b) determune V;. Vi, I, and P,. (R;=3 kQ)
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Voltage Doubler

C)

-

.

Ll

Lﬁr
| ST

- .

This half-wave voltage doubler’s output can be calculated by:

oue=Ver =2V,

out

where V_ = peak secondary voltage of the transformer
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Voltage Doubler

Dept. of Electrical Engineering

* Positive Half-Cycle
0 D, conducts
o D, is switched off
o Capacitor C,; charges to V

* Negative Half-Cycle

o D, is switched off

0 D, conducts

o Capacitor C, charges to 2V
Vo= Ve =2V,

out

Diode D Diode D,

~  nonconducting f/ conducting
O

.

3

‘\Diode D, (b) \Diode D,
conducting nonconducting

ositive half-cycle: (b) negative half-cvycle.

D
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+
Vycos(wt) (- “:23

% Voltage Doubler

,_.(',.

Clamped

capacitor

Half-cycle peak
rectifier

20V
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Practical Applications
(AC to DC Converter)

— Bridge
Rectffier

Smoothing-—
Capacitor

-

Waveform
‘\'-'1*]
Capacitor

Wavefom
without
Capacitor

Resultant Output Waveform
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Practical Applications
Battery Charger
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Practical Applications
Battery Charger

_Peak =18V
v
=\ of=A- -2V

120 V ac : : - {J{.

\ Positive clamp
Diodes of charger
(rectifiers)

f

Transformer
(step-down)

2
M,

Circuit Current

breaker meter Negative clamp

of charger
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Practical Applications - Polarity insurance

/- Required

12V

$

system

Diode polarity protection

(a)
— 153V +

® o

12V 12V

12\ $ / ./ $
/( B system system
=
\

Diode open

Diode conducting
(b) (c)

(a) Polarity plotectlon for an expenswe sensitive piece of equlpment (b) correctly




University of Anbar - 8 Fundumental of Electronic |

College of Engineering ¥ Msc: Munther Naif Thiyab
Dept. of Electrical Engineering \

Practical Applications - Polarity Detector

Green (+)

D, %
B -

R
+<—AAA— LEDTNL
—g —
6V
—g <\

Polarity detector using diodes and LEDs.




University of Anbar T Fundumental of E_Iectr.onic I
College of Engineering @ Msc: Munther Naif Thiyab
Dept. of Electrical Engineering '

Practical Applications — Exit sign using LEDS

EXIT

Limit to low mA

/
L All red LEDs
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Transistor Construction

There are two types of transistors:

* pap
* npn

The terminals are labeled:
* E - Emitter
B - Base
* (C - Collector

*The nmpn BJT consists of three semiconductor regions: the
emitter region (22 type). the base region (p type). and the collector
region (11 type).
*The pnp BJT consists of three semiconductor regions: the
emitter region (p fype). the base region (21 type). and the collector
region (p type).
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Transistor Construction

|=—0. 150 in.—= . 150 in.—/

QU in. 0001 in.

i [ 5 N
p+c __£+" - e

+ - +, - = ST — a7t

| ——1]s U i
1!’; i H"’{ il L.Jf.lf.- IL.": N iy
pnp npn

c c
C C
b b b b
€ e e e
PHP TRAMSISTOR KNPMN TRAMNSISTOR

The transistor consists of two pn junctions. the emitter—base
junction (EBJ) and the collector—base junction (CBJ).
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Transistor Construction

» Emitter: The portion on one side of transistor that supplies charge
carriers (1.e. electrons or holes) to the other two portions.

» The emitter 1s a heavily doped region.

» Emitter of PNP transistor supplies hole charges to its junction with
the base. Similarly, the emutter of NPN transistor supplies free
electrons to 1its junction with the base.




Fundumental of Electronic |

University of Anbar
Msc: Munther Maif Thivab

College of Enginsering
Dept. of Electrical Engineering

Transistor Construction

JCollector is the portion on the other side of the transistor (i.e. the
side opposite to the emitter) that collects the charge carriers (1.e.
electrons or holes).

JThe doping level of the collector is in between the heavily doping

of emitter and the light doping of the base.

JBase: The middle portion which forms two PN junctions between
the emitter and the collector 1s called the base.

JThe base of transistor is thin, as compared to the emitter and 1s a
lightly doped portion.

JThe function of base is to control the flow of charge carrier.
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BJT Modes Of Operation

» There are two junctions in bipolar junction transistor.

»Each junction can be forward or reverse biased independently.

» Thus there are different modes of operations:

Forward Active.
Cut off.

Saturation.

MNode EBIJ CEBJ]

Curoft Reverse Reverse

Active Forward Reverse

Saturation Forward Forward
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FORWARD ACTIVE

»Emitter-base junction 1s forward biased and collector-base
junction is reverse biased.

»The BJT can be used as an amplifier and in analog circuits.

CUTT OFF
» When both junctions are reverse biased it 1s called cut off mode.

~In this situation there 1s nearly zero current and transistor behaves
as an open switch.

SATURATION
»In saturation mode both junctions are forward biased.

»Large collector current flows with a small voltage across collector
base junction.

» Transistor behaves as an closed switch.
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Operation of pnp transistor in active mode

+ Majority carriers

+ Minority carriers

—_—

E P

T+
'_+ P_
+ +—_+

-+

R

Depletion region

+

Forward-biased junction of Reverse-biased junction of
a pup transistor. a pnp transistor
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Operation of pnp transistor in active mode

With the external sources, Vg and V., connected as shown:

* The emitter-base junction is forward biased
* The base-collector junction is reverse biased

g2 Mujorily c,arriers *+ Minority carriers

[ I

—_— e
B

Depletion regions
*//;
+ | - + | -
11 : 1]

VEE Vee
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Currents In a Transistor *Maioriy cariers = Miority carriers

Emitter current 1s the sum of the
collector and base currents:

Depletion regions

|
|
V EE

The collector current 1s comprised of two currents:

. TS
majority minority

The minority current 1s called the leakage current and 1s given by
the symbol 7., (I, current with emitter terminal Open).
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I

Common Base Configuration

The base is common to both
input (emitter—base) and
output (collector—base) of
the transistor.

Base Base

Emitter ¢ Collector Emitter 4 Collector

P N P — ™1 N P M —

~ * ~ *,

Forward Reverse Farward Reverse

Bias Bias Bias Bias

. B H L i I+

1T LI | LN

Jrlr:r1

— | -} —_ +
4! |:-I : - 1"[!4}'7

10
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Common-Base Configuration

Input Characteristics

This curve shows the relationship
between of mput current (Ip) to
input voltage (V) for three output
voltage (Vg) levels.

4 I (mA)

Vge=0.7 V|

02 04 06 08 | Vip (V) —
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$ e (mA)

Common-Base Configuration

Active region (unshaded area)

mA

i

S mA

1]

4 mA

3 mA

=
8
=1
e
=
« g
a—t
=
=
o
o

2 mA

l-=1 mA

fe=0mA

10 15 20
CutofT region

Output Characteristics

This graph demonstrates the output current (I.) to an output voltage
) for various levels of input current (Iz).




University of Anbar - oo - Fundumental of Electronic |
College of Engineering i Msc: Munther Maif Thiyalb
Dept. of Electrical Engineering ' 4

Operating Regions

* Active — Operating range of the amplifier. It 1s noticed that I
1s approximately equal to I (I.=1¢ )

Cutoff — the region where the collector current 1s
approximately OA (I-=I.go)- The amplifier 1s basically off.

There 1s voltage, but little current. -

Emitter
open
Collector to base
Saturation — Region to the left of V.5;=0. Note the
exponential increase in collector current as the voltage Vg
increases toward O V. There 1s current but little voltage.
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Approximations

Emitter and collector currents:

y
C E

Base-emitter voltage:

Vg = 0.7V (for Silicon)
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Alpha (o)

Alpha (&) is the ratio of I~ to [I.:

%ac

Ideally: aa=1
In reality: o is between 0.9 and 0.998

Alpha (&) in the AC mode:

Vg =constant
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Common—Emitter Configuration

I
——— i~

*The emitter is common to both input (base-emitter) and output (collector-
emitter).
*The input is on the base and the output is on the collector.
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Common-Emitter Characteristics

fe (MA)

90 uA

' 80 uA
70 A . Vep =1V

60 HA Vep =10V

(Saturation ) 5 ! AERES e 50 LA | ~ Vee =20V

region \

4

(Active region)

Ih =() l!'\

20 ‘;/ (\.')
(Cutoff region)
lceo®= Blego

(a) collector characteristics;  (b) base characteristics.
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Common-Emitter Amplifier Currents

I.=alz+ I 5, where I-p, = minority collector current

lcgo I8 usually so small that it can be ignored, except in high
power transistors and in high temperature environments.

Since I, =I_+1;, , I.—al@ . +1I;)+1;,

"
I = alg n Iego
c B o—e -—
I—a l-a ls=0 IcEo
For 1;=0, and take o =0.996, g, \Base open
> Collector to ematter

J = a(0 A) i I 3o _ I epo - 1 8o
© l-a 1-0996 1-0996 0.004

If I 5, were 1 yA, the resulting collector current with I;=0 A would

be 250(1 #A) =0.25 mA, as reflected in the characterestics.

When I =0 pA the transistor is in cutoff, but there is some
minority current flowing called Z,,.

= 2501,

¥

_ g
T g a0

II"lf.'}_?l:'_i'




EXAMPLE 3.2

a. Using the characteristics of Fig. 3.13, determine I~ at I = 30 pA and V= 10V,
b. Using the characteristics of Fig. 3.13, determine I~ at Vg = 0.7 Vand Vg = 15 V|

Solution:

a. At the intersection of Iy = 30 A and Vi-p = 10V, [~ = 3.4 mA.
b. Using Fig. 3.13b. we obtain Iz = 20 pA at the intersection of Vg = 0.7 Vand Vi =
15V (between V- = 10 ¥V and 20 V). From Fig. 3.13a we find that /- = 2.5 mA at the

intersection of fg = 20 wA and Vg = 15V,

i
Y

7

A
70 pA

£

(Saturation region) 5

4

3

2

1 - 30pA
T |
(Active region) 20 pA
10 pA
fﬂ =10 HA
5 10 15 20 v (WD)
Vee, \ o

(Cutoff region)
Icpo= B Icpo

(a)

20
70

50
40
30
20
1

I (A Vep =1V
| Vee=10W
- Vep =20V

02 04 06 08 10 v

(b}
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Beta (/)

£ represents the amplification factor of a transistor. (£is sometimes
referred to as /i, a term used in transistor modeling calculations)

In DC mode:

For practical devices £ is typically 50 to over 400.

Alc
In AC mode: ’BN —

‘ Ver =constant
Als
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Beta (B)

Determining B from a Graph

(3.2mA —2.2mA)
(30 pA —-20pA)
_ 1mA

Bac =

9

bl (mA)

e B0 UA

O0 HA

e — SO UA

Iy =0UuA

25 v

O

(V)

L..and (. are usually reasonably close and are often used

imnterchangeably:.
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Beta ()

Relationship between amplification factors p and o :-

7 7/

c

usingﬁzf—c . a="%

arnd 1, =1_.+1,
IC‘

7

B E

— =T +I— —> l:]+i

a F; o B
P=acf+a=(Ff+]a
B

a=—
p+1

Relationship Between Currents

Ic=Blg .7,=1.+1,=p1,+I, . |Ig =B+ DIy
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Biasing

S = iy
ol

[t

(b)

Determining the proper biasing arrangement for a common-emitter
npn transistor configuration.
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Common—Collector Configuration

The input 1s on the base and the output 1s on the emitter.

A

g

E

n
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Common—Collector Configuration

The characteristics are similar to those of the common-emitter
configuration, except the vertical axis 1s I

Ic (mA)

(;()llr'-\ IBEEs
50 u/.\
40 pA

30 M A

(Active region)

20 pA

10 uA

' Iy =0 A
10 \ I5 20 v (V)

(Cutoff region)
l( o = ﬂ l( ho
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Transistor Testing

- DMM
Some DMMs measure By or h.

* Ohmmeter
L.ow R

E

Checking the forward-biased base-to- || Checking the reverse-biased base-to-
emitter junction of an npn transistor. collector junction of an npn transistor.
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(a)

Various types of general-purpose or switching transistors:
(a) low power: (b) medium power: (c) medium to high power.
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Biasing

Biasing: The DC voltages applied to a transistor in
order to turn it on so that it can amplify the AC signal.

Recall the following basic relationships for a transistor:

Ve =07V
I, (B+DI,
c -ﬁf,ﬁ‘
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Operating Point

The DC input

establishes an
operating or s

quiescent point Saturation <]
called the Q-point. i

_ F/I’;M

4 /- (mA
80 pA

70 nA

D :‘,'pz\

-

Ip=0pA

ST 3 = ¢
10 IS 20

Cwoff
Vs

Various operating points within the
lInits of operation ¢ ‘ansistor:
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The Three States of Operation

* Active or Linear Region Operation
Base—Emitter junction is forward biased
Base—Collector junction is reverse biased

* Cutoff Region Operation
Base—Emitter junction is reverse biased

* Saturation Region Operation
Base—Emitter junction is forward biased
Base—Collector junction is forward biased
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DC Biasing Circuits

Fixed-bias circuit
Emitter-stabilized bias circuit
Collector-emitter loop

Voltage divider bias circuit
DC bias with voltage feedback
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Fixed Bias configuration

I Vee

ac
-0 output
signal
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ac
-0 output
signal

ac
input ©
signal

Fixed bias circuit DC equivalent
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The Base-Emitter Loop

From Kirchhoff’s voltage
law:

tVee —IgRg— Ve =0

Solving for base current:

Vcece — VBE
Rgp

IB=
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Collector-Emitter Loop

Collector current:

I_=plp

From Kirchhoff’s voltage law:

Vce = Vee —IcRc
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Example 4.1 T

-~

Find IBQ 5 ICQ > V CEQ ° \/"B

. Ve Vae
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Load Line Analysis

A

)

k |

S0 pA

40 A

I

10 uA

-

| E Ig =0 uA

0|
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L.oad Line Analysis

3 I(.

R

S

O-point

\_____-- [Load line

N,

Vee Vee

S | _—

/(. =0 mA
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Q-point

|

Movement of the (-point with increasing level of 7.
(The level of 75 1s changed by varying the value of Rp)
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Load Line Analysis

i

Vee, > Vee, > Vees

-

>

-
0 | VCC 3 VCC 2 VCC 1 VC E

Effect of lower values of V- on the load line and the Q-point.
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EXﬁmple 4.3 L [~ (mA)

60 UA

Find Vg, Re . Rg for |
the fixed biasing 50 pA
configuration

e 40 LA

30 uA

Q-point
20 uA

10 HA

Iy =0UuA
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Emitter-Stabilized Bias Circuit

‘I Voo

'

[~
L
Adding a resistor

(R;) to the emitter

circuit stabilizes the
bias circuit.
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I Vee

Base-Emitter Loop b

C

From Kirchhoff’s voltage law: L_,
Ig

+‘7CC —IERE —VBE —IERE =O % ”

Since I, = (B + 1)I;:
Vee -IgRp -(B+DIgREg =0
Solving for I;:

__ Vcc-VBE
Rp +(B+DRg

Ig
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Collector-Emitter Loop

From Kirchhoff’s voltage law:

LeRe +Ver 1R e Ve =0

Since I, =1.:
Vce = Vee —Ic(Re +Rg)
Also:

VE =1gRg
Ve =Vcg + VE = Ve -IcRc
VB =Vee —IrRRB =VRg + VE

| = §e
N
oyl
' lrj.
+ E”*
R 4&;‘ =
"

18
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Example 4.4

Fllld IB i IC 3 V’CE 3 \YC ! \/’E ) \,TB i \YBC1 ]

430 kQ

10 uF

A\l
1"
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Improved Biased Stability

Stability refers to a circuit condition i which the
currents and voltages will remain fairly constant over
a wide range of temperatures and transistor Beta ()

values.

Adding Ry to the emitter improves the stability of a transistor.
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Improved Biased Stability

+20W

I

Vee =+12V : .

;:e kQ
§ Re 430 l-;!3§ 10 uF
IL

2.2 k2
1

10 uF

I '“7 -;T:nput 5 1] g =30

n

50

+
10 uF
O
k. Ve B2 ;
/ 1 k€ == 40 uF

Iy (pA) I (mA) Ve (V) B

47.08 235 6.83
47.08 4.71 1.64

50
100




Saturation Level

The collector saturation level or maximum collector current for an emitter-bias design can Vee
be determined using the same approach applied to the fixed-bias configuration: Apply a Ry
short circuit between the collector—emitter terminals as shown in Fig. 4.24 and calculate
the resulting collector current. For Fig. 4.24 & Ie
Vee Vee=0W
[ 4.25 /
“a T Ro+ R (2.23)

The addition of the emitter resistor reduces the collector saturation level below that Re
obtained with a fixed-bias configuration using the same collector resistor.
- 000000000000 FIG. 4.24

EXAMPLE 4.6 Determine the saturation current for the network of Example 4.4, Determining I_ for the emitter-

solition: stabilized bias circuif.
[ = Vee
r =—FC€
@t R+ Rp
B 20V 20V
2K + 1k 3k0
= (.67 mA

which i1s about three times the level of '{Cﬂ for Example 4.4.
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Load Line Analysis ) §

Ver =Vee —1c(Re +R

... =¥

CE CC Iy c=0mA

) VCC
< R 2R

E =0V

/ d




Choosing I = 0 mA gives

Vee = Veelie=oma (4.26)

as obtained for the fixed-bias configuration. Choosing V- = 0 V gives

o= —vec (4.27)

Rc + Relv=ov

as shown in Fig. 4.25. Different levels of [ By will, of course, move the (J-point up or down
tha lnad lina

EXAMPLE 4.7

a. Draw the load line for the network of Fig. 4.26a on the characteristics for the transistor
appearing in Fig. 4.26b.

b. Fora (-point at the intersection of the load line with a base current of 15 pA. find the
values of I~ and VCEQ.

c. Determine tﬁ& dc beta at the Q-point.

d. Using the beta for the network determined in part ¢, calculate the required value of Ry
and suggest a possible standard value.

Vee= 18V

R
§ 2.2 kLY
Rg §

FIG. 4.26a
Metwork for Example 4.7.

& T (mA)
30 pA

25 pA

20 pA
15 pA
10 A
SpA
| | -
15 20 Vie

FIG. 4.26b
[ i eap—— R R



Solution: 4 Ic(mA)
a. Two points on the characteristics are required to draw the load line.
Voo I8V 18V
— : fm— fm— fm— fm— jl 5
AtVep=0V: e R+ Rr 22k0) + 1.1kQ ~ 33k0 43 mA
Atle=0mA: Vg = Ve = 18V
The resulting load line appears in Fig. 4.27.
b. From the charactenstics of Fig. 4.27 we find 15 pA
FL"E,E = 7.5 ‘I*L—'—g = 313imA 10 uA
c. The resulting dc beta is:
5 Ic, _33mA SuA
I, 15pA - Ig=0pA
d. Applying Eq. 4.17: | \ 1'{' :—
g Vee=Vee _ I8V — 07V F\_I“H cE
B Ry + (B + DRy Ry + (220 + 1N(1.1k0Q) s
and 15 WA — 173V B 173V FIG. 4.27
TH T R £ Q2IN1.1kQ)  Rp + 243.1 k0 Example 4.7.

so that (15 pANRg) + (15 pAN243.1 k() = 173V
and (15 pANRp) = 173V — 365V = 1365V
13.65V

resulting in Ry + 15 WA

= 910 k{2






