Electronics-| Course Layout

* Electronics (active devices; diodes and transistors)
1. Analysis (for a given circuit, find V, |, P, Z, etc.)
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2. Design (from a specification design: amplifier, logic
gate, driver, voltage regulator, etc.)
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Semiconductor Materials

* Semiconductors are a special class of elements
having a conductivity between that of a good
conductor and that of an insulator.

[
esistance R = pH [(1]

@ CO n d U CtiVlty — 1/p Material Resistivity p [Q'm] @ 20 °C

/0 \ Silver (Ag) 1.59x10°8
Sigma She Copper (Cu) 1.68x10°%

Gallium Arsenide (GaAs) 5x107/ to 101073
Germanium (Ge) 4.6x107!
Silicon (Si) 6.40x10°

Wood (oven dried) 1x10* = 1x10%

Teflon 10x10%** = 10x10%*
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Semiconductor Materials (cont’d)

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

* Valence electron is an ethat can participate in the formation

4 Energy
of a chemical bond. Blecions | Enery y Eaere
Conduction band frts.illi
s 15
5 conduction i Conduction band :
[ "—' "'— The bands Conduction band
bo>sey ovrtor—
1eV=1.6x10-19 Joule  Unable to reach B2 e—
conduction level ‘:::‘_‘--—_.._,_ e Valence
2ok [ L(/ st vmm Conductor
- ?MTM the alomic
stucture
Insulator
E,=0.67eV (Ge)
Eg 1.1 eV (Si)

Eg 1.43 eV (GaAs)
Semiconductor
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Semiconductor Materials (cont’d)

* Siis used most frequently as the base material in the
construction of solid-state electronic devices.

* The characteristics of a semiconductor material can
be altered significantly by adding specific impurity
atoms to the relatively pure semiconductor material.

* Boron (B), having 3 valence electrons, and Antimony
(Sb), having 5 valence electrons are the doping
impurities used with Si.




Semiconductor Materials (cont’d)
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Semiconductor Materials (cont’d)

*The n-type and p-type materials represent the basic
building blocks of semiconductor devices.

* In an p-type material, the hole is the majority carrier, while

in n-type material, the electren is the majority carrier.

Acceptor ions
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Outline

1
2
3
4
5
6

. pn-junction and the semiconductor Diode
. Diode Characteristic Graph (IV-Curve)

. Temperature Effects

. Diode Resistance Types

. Examples

. Reading Assignment




pn-junction and the semiconductor Diode

* Joining p-type material with a majority carrier of holes to
n-type with a majority carrier of electrons forms the

Donor lons

semiconductor diode. Accepter lons Depletion region
* Depletion region:

lack of free carriers in

the region near the junction | & . = 5 ,
. P - n-
* the net flow of charge in one t No-Bias Condition (Vo =0V) \

ID:U['[]A ID:UIHA

direction is zero for Vp = OV. ot  Vp=0V -0

(no bias)
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pn-junction and the semiconductor Diode

(cont’d)
Reverse-Bias; OFF-Condition ( Vb < QV)
- ] Minority-carrier flow
note g athode DEOCPDE
- O CEES @
— O CERERY-
NS SSSCCOmMES
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pn-junction and the semiconductor Diode
(cont’d)
Forward-Bias; ON-Condition ( Vo > QV)

s
ajori

Anode | Cathode




Diode Characteristic Graph (IV-Curve)

* The general characteristics of a semiconductor diode can be defined by
Shockley’s equation for the forward- and reverse-bias regions:

S |
= [ l!l - ’m.unm,\ I-

ety )
_ Vp/nVy _ NS iEr
Where: Ip = I(e p/nVi 1) (A) | é:@fji{b Oo
Isis the reverse saturation current. e bt
In | : ‘y

Vb is the forward-bias voltage across the diode.

nis an ideality factor; it has a range between 1 and 2. (a measure of how
closely the diode follows the ideal diode equation)

Vris called the thermal voltage.
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A I (mA)

20 ‘
:z : Actual commercially
: available unit
17 -
1.2 L
16 Eq. B4
bl
B o i V IIV
y : Remarks: I = Le"2/"Vr — [,
:i ! N * As the value of Wpincreases, the curve becomes
0 ; Doty ol almost vertical.
v : v + ‘ﬁ - Iy = L' (Vp positive)
H —_—] ] . .
2 ‘ L T * For negative values of VD, the exponential term
. . = . >0V, 1o amy_ drops very quickly below the level of /a.
5 ' .b‘; Iy = =l (Vp negative)
4
i |/
3 1/ “AtVD=0V, In = I(" — 1) =I(1 — 1) =0
2 :
1 s;f.-r/ » Commercially available silicon diodes deviate
0 (30 [ % | b | Jo—tos |05 |07 i v oy from the ideal Diode (internal “body” resistance,
- - = 10 — } " ” H H
Reverso bims region -iu;i ~ external “contact” resistance of a diode.)
(Vp<0V. Ip=-1) o (Vp=0V,I=0mA) . . .
—30pA * The actual isof a commercially available diode
Jaen will normally be measurably larger than that in
~oUpA Shockley’s equation.
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Diode Characteristic
Graph (IV-Curve) (cont’d)

* Applying negative voltage with the reverse polarity
will result in a sharp change in the characteristics
called breakdown potential ( Vzv)

avalanche region( V/3v) /
l ) * The avalanche region can be brought closer to the
vertical axis by increasing the doping levels in the p-

D and n-type materials.

* Decreasing Varto a very low level, such as -5V,
another mechanism called Zener breakdown will
contribute to the sharp change in the characteristic.

| —Zener * The maximum reverse bias that can be applied

/ region before entering the breakdown region is called the
peak inverse voltage (PIV rating) or the peak reverse
voltage (PRV rating).
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[ TABLE 1.3
2 Knee Voltages Vi

Semiconductor Vi(V)

25 H Ge 0.3
Si 0.7
GaAs 1.2

0
™
LA
-
— b

LA
—
m

XAMPLE 1.2

Determine the voltage across each diode at a current of 1 mA.

Repeat for a current of 4 mA.

Repeat for a current of 30 mA.

Determine the average value of the diode voltage for the range of currents listed above.
How do the average values compare to the knee voltages listed in Table 1.37

Vi (Ge) Vg (Si) Vi (GaAs) - Solution:

Vp(Ge) =02V, Vp(Si) = 0.6V, Vp(GaAs) = 1.1V
Vp(Ge) =03V, Vp(S1) =07V, Vp(GaAs) = 1.2V
Vp(Ge) = 042V, Vp(S1) = 0.82 V.,V (GaAs) = 133V
Ge: Viyy =02V +03V+042V)/3=0307V
Vyy (Ge) Si: Vay =06 V+07V+082V)3=0707V
A GaAs: V,, =(1.1V+12V+133V)/3=121V
e. Very close correspondence. Ge: 0.307 V vs. 0.3, V, Si: 0.707 Vvs. 0.7V, GaAs: 1.21 V
va: PV
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Diode Resistance types

Diode resistance is variable due to the nonlinear shape of
the characteristic curve.

1. DC (Static) Resistance

V
RD:—D
Ip

2. AC (Dynamic) Resistance

AV,
4= AL

3. Average AC Resistance

AV,

Ve
v 1
Aly pt. to pt.
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{ Ip(mA) Examples

IO EXAMPLE 1.3 Determine the dc resistance levels for the diode
a. Ip =2 mA (low level)
b. Ip = 20 mA (high level)
— Silicon c. V= —10V (reverse-biased)
________ Solution:
a. AtIp =2 mA. Vp = 0.5V (from the curve) and
Vb 05V
Rp = = = 250 ()
b, 2mA
b. Atlp =20mA, V= 0.8 V (from the curve) and
Vb 08V
Rp = = = 40 Q)
P 20mA
c. AtVp=—-10V,Ip=—I,= —1 uA (from the curve) and
V 10V
Rp = -2 = — 10MQ
Ip I pA

05 08 Vih(V)

The higher the current through a diode, the
lower the dc resistance level

9/10/2024 ELECTRONICS-I DR. MOHAMMED YASSER 15




Outline

1
2
3
4
5
6

. Diode Equivalent Circuits

. Diode Load Line Analysis (aka graphical solution)
. Series Diode Configurations
. Parallel and Series-Parallel Configurations

. Tutorial

. Reading Assignment




L I (mA)

Type Conditions Model Characteristics

A lp

" . = - |
Piecewise-linear model g_+|||__4\,;w_.|__o -

d‘H'}d'l': — -
0 Vi (V)
$ I TABLE 1.3
Krnee Voltapes Vi
S S |
semiconductor VadV)
. : | G 0.3
Simplified model R rwed == Ty sl - — s
Vy Ideal P GaAs 1.2
diode
!
pe AV,
Fav —
ﬁfd pt. to pt.
Ideal device e I & P i .
0
EIIEIWD[']{ = VK Ideal Yo

diode
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Diode Load Line Analysis (graphical
solution)

* Load line analysis is used to find the current and voltage
levels of the diode that will satisfy both the characteristics
of the diode and the network parameters simultaneously.

A In(mA)

Diode characteristic
curve

I 1. Apply Kirchhoff’s voltage law in the
o clockwise direction:

= (kL )
g RQve E=Vp+ IpR

0 Vo (V)
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Diode Load Line Analysis (cont’d)

* The diode characteristics are placed on the same set of axes
as a straight line defined by the parameters of the network.

& ID
E
2. setVD=0V,| Ip = 2
E s Characteristics (device) Vp=0V
R
Q-point
IDQ —————— _ .
___— Load line (network) 3 Set ID B OA' VD T ElID:DA

We now have a load line defined by the network
and a characteristic curve defined by the device.
The point of operation (intersection) is called the

0 " E ;ﬂquiescent point (Q -point)
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Diode Load Line Analysis (cont’d)

* The solution obtained at the intersection of the two curves is
the same as would be obtained by a simultaneous mathematical
solution of:

p=p~—7 M Ip=IEP"T -1

* The curve for a diode has nonlinear characteristics. Therefore,
the mathematics involved would require using nonlinear

techniques.




https://www.youtube.com/watch?v=kp3Bq6ATbUA

Diode Load Line Analysis (cont’d)

EXAMPLE 2.1 For the series diode configuration of Fig. 2.3a, employing the diode char-
acteristics of Fig. 2.3b, determine:

* Vo o = .
. Eﬂg and I, . Snfurmn.E .
O Al o a. Ip=— = —20mA
E 2| ¥ Rly.—ov 0.5k
Ez\[} E=10V RSOS5KQ V, D
I = 185 mA ot B . .
12_ VD—E|;ﬂ=DA— 10V
14 —
E |: the Q -point is:
2r V;_;.E = (.78 V
4= J ——
e :I e S (N A N N IDE = 18sma
0 u.5=\1 2 3 4 5 6 T & 9 10 ¥(V)
V, =078V E) b.Vp=E—-—Vp =10V — 078V =9.22V

15/10/2024 ELECTRONICS-I DR. MOHAMMED YASSER 8



Taha Hamid
Text Box
https://www.youtube.com/watch?v=kp3Bq6ATbUA


Diode Load Line Analysis (cont’d)

EXAMPLE 2.2 Repeat Example 2.1 using the approximate equivalent model for the sili-
con semiconductor diode.

Ip (mA)
Solution:
20 W
Ip,=18.5 mA 18] aipd
_ ‘ 16
Vp, = 0.7V iy
Ip, = 18.5mA k2
Do 10
8
6
Note: 4
For this situation the dc resistance of the Q-point is 2
Vb 0.7V 0los\1 2 3 4 5 6 71 8 9 10 V,(V)
Rp=—2= —TRAD T b
Ip, 18.5 mA Vo, =07V
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Diode Load Line Analysis (cont’d)

EXAMPLE 2.3 Repeat Example 2.1 using the ideal diode model.

$1p (mA)
Solution: Ip,=20mA 20 Q-point
Vp, =0V
Ip, = 20 mA
6
Note: ¥ ‘
D OV ,
Rpy=om— = —00 .
Ip, 20mA o~ 1 2 3 4 5 6 7 8 9 10 %M
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Series Diode Configurations

* The state of the diode is first determined by mentally replacing the
diode with a resistive element.

* If the resulting direction of (/) matches the arrow in the diode
symbol, and E>Vk, the diode is in the “on” state.

* The network is then redrawn with the appropriate equivalent model
for the forward-biased silicon diode. > Vg

0%, Ny _ o
> s = - II‘I —¢ T
0 H = 1 fg] 0.7V
|’r_“ i) il + + | +
+ |He i E = Re Vg o RS V;
E — E? Va —-[ s L i

— (a) 2 (b)
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Series Diode Configurations (cont’d)

Ve

VR:E—VK ID:IR:

* If the resulting direction of /is opposite to the arrow in the diode symbol,
the diode is in the “off” state, and Vp = IxR = IpR = (0A)R = 0V

1 Vp=E _
o K o "N —0
Ip

Si ; Ip=0A
+ + + + —- +

ELECTRONICS-I DR. MOHAMMED YASSER



https://www.youtube.com/watch?v=28gk4jNjKq|

RAH R

Series Diode Configurations (cont’d)
EXAMPLE 2.7 Determine V, and I for the series circuit

54 I +FKI = +W2 = Li hrT;B':}‘E 1.3_ d
+12V v, 49_““_0_“‘ 1 ght-Emitting Diodes
4 ﬁf’- 0.7V 18V : + Typical Forward
680 €2 E_ == 12V 630Q V, Color Construction Voltage (V)
__I £ Amber AllnGaP 2.1
Solution: w e Blue GaN 5.0
Green GaP 2.2
E=12V > 2.5V (0.7V+1.8V) g;nge GaAsP %-g
White GaN 4.1
V,=E— Vg — Vg, =12V =25V =95V Yellow AllaGaP 21
In = Jo — VR . Vﬂ L 95V — 13.97 mA AlinGaP: Aluminum gallium indium phosphide
D — IR — - — -7 1N GaAsP: Gallium Arsenide Phosphide
R R 680 ()
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Text Box
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Parallel and Series-Parallel Configurations

EXAMPLE 2.10  Determine V,, I}, Ip ., and I, for the parallel diode configuration

+ Wy =
I - .
I, 03k — 03340 Since the resulting
AN o+ S
) T lu, i current direction
+
EE v ﬂ,]!m 51! S V. ET=— 10V ﬂ_"‘u e = IV, matCheS that Qf the
- I T arrow in each diode
G b o symbel and the applied

— 07 voltage is greater than
Solution:  The current is 0.7 V, both diodes are
Vo E =V 0V — 0.7V in the “on” state.
L === D — = 28.18 mA
R R 0.33 kQ)

Assuming diodes of similar characteristics, we have

The reason for placing
diodes in parallel is to
I 28.18 mA i

h — 14.09 mA increase the current

Ip, =1 =
D, — ‘D, T 2 rating of the diodes.

15/10/2024 ELECTRONICS-I DR. MOHAMMED YASSER 14



Parallel and Series-Parallel Configurations
(cont’d)

EXAMPLE 2.12 Determine the voltage V, for the network

12V
I g * Note: If both diodes were ON, there
would be more than one voltage
e 4 @ ¥ green across the parallel diodes, violating
one of the basic rules of network
S ight-iining Diodn ’ oV, ana |ys iS:
Calor Cinsd it i I- Valtage (V) 27 kQ

- The voltage must be the same across
g o 3 parallel elements.
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Parallel and Series-Parallel Configurations

(cont’d)

IIZV

* The result is that the voltage across the
green LED will never rise above 0.7 V and
will remain in the equivalent open-circuit
state.

A green LED

V, =12V = 0.7V =113V



Tutorial
EXAMPLE 2.8 Determine Ip, Vp,. and V,, for the circuit

Solution:

The combination of a short circuit in series with an open circuit
always results in an open circuit and /b = 0A.

v ¥, =

s & —|— 4— ) o

+20vo—Ppl—|4 v, P
Ip t r + ’
5.6 kQ E= — 5.6 k2 v, 20V 3.6kf2 v,

15/10/2024 ELECTRONICS-I DR. MOHAMMED YASSER 18




Tutorial (Example 2.8 cont’d)

L"}.)] — {]’ IV

I—0A recall for the actual practical diode that when /D0=0A4,
s . VD=0V (and vice versa)

- + —
+ IIJ| =0A Vi 5 +

T ® MV, =RR=IpR= (AR =0V
— VDPE:I.’] circuit — E=20V

- Vﬂg

Applying Kirchhott's voltage law in a clockwise direction gives
E—VDL—VDZ—VSZD
Vp,=E—Vp —V, =20V —0-0
=20V
V,=0V

15/10/2024 ELECTRONICS-I DR. MOHAMMED YASSER 19




Tutorial
EXAMPLE 2.9 Determine I, V. V5, and V,, for the series dc configuration

V-
li:EII

E =10Ve—AAAN—P oV,
47kQ S TJ’ o

R, &22kQ V,

E,=—5V

15/10/2024
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Tutorial (Example 2.9 cont’d)

Solution: R, R H0IV-

ANy L - oy AAN, Bd . ,
4.7 kid 47 k0 i

I+ = -
+ | f B P22210 + 22K SRy Vs @ v

E.;Iﬂl‘h" by = 1Y =
'T Ex T & ¥ 5 SN — £ o

: +

il i - 1 ¢ il

The resulting current through the circuit is

Ey+ Eyp=¥p 1OV + 5V =0TV ___ T43W
Ri +R 47kQ +22kQ  69kQ

= 2.07 mA

and the voltages are

Vi=1IR; = (207 mA)4.7k{)) = 973V
Vo = IR, = (207 mA)(2.2k{)) = 455V
Applying Kirchhoff’s voltage law to the output section in the clockwise direction results in
—E,+V>—=-V,=10
and 2 — E; =435V —3V=-045V
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Tutorial

EXAMPLE 2.13  Determine the currents [y, I>, and I, for the network

R,
Si 33kQ
H » ANN—
D,
+
E=20V  Si¥D,
= ‘rhl
[ R,
——ANN—
. 5.6 k€

15/10/2024 ELECTRONICS-I DR. MOHAMMED YASSER 22




Tutorial (Example 2.13 cont’d)

Solution:
The applied voltage is such as to turn both diodes on, as indicated by

the resulting current directions in the network.
7
|
+07V-—

- 20V U !G_‘;v R & 33k0 | iy Y 0.212 mA
K . 3.0 T = i m
Q@2 | '7 R, T 33kQ
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Tutorial (Example 2.13 cont’d)

Applying Kirchhoff's voltage law around the indicated loop in the clockwise direction

yields
_VE_E'E_VE._UKEZD

and Va=E —¥g, = Vg, =20V —07Y - 07V = 186V

: Vs 18.6V
with Hh=—= = 3.32mA

R,  5.6k{)
At the bottom node a,
ID: + I = 5

and Ip, =1, — I} = 332mA — 0212mA = 3.11 mA

15/10/2024 ELECTRONICS-I DR. MOHAMMED YASSER 24
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