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e Answer All Questions
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e (Course Outcome Statements:
CO 2: Analyze the PN junction diode characteristics
CO 3: Understand the principles of optoelectronic devices.
CO 4: Teach the modelling of PN Junction, MOS capacitors, and MOSFETs

Q. No Question M co BL
1. Describe the Schematic diagram, operating principle,

advantages and disadvantages of the following diode

characteristics

Answer

a.Tunnel diode 2 3

b.varactor diode

10
, C:(0)
a
=
I.l.. Reverse Bias in Valts
2. a) Assume Dg = 3Dg, Wg= 3W3, Ng = 1018 cm3, and njg? = ni2.
What is  for Ng equals to 1021 cm3 and 1022 cm3 and a SiGe 10

base with AEg = 60 meV
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N; ( 60 meV
» 5.85 meV

. - -
10" em ™

Calculate the exponential term

G0 Y
«xp( = ) = exp(2.321) = 10.18
\ J )

25.8

The full expression for 3 is:

Nz
10°% e -

=9

10,18

\,.
1= 01.62 i

10°" em ™

Case :: Ni = 10! ¢m
For Np — 10* em ™

, .
0% em 3

) = 01.62.
% 10" em

Emitter Doping (Ng)  DC Current Gain (53)
10*! cm 3 91,620

102 ¢m 3 916,200

b) Discuss quantitatively how increasing emitter doping
affects § and emitter injection efficiency. Also, explain how
reducing base width would affect § and collector current
linearity.

Reducing the neutral base width (WB) is highly beneficial for the
DC current gain (B) because it improves both the emitter
injection efficiency and the base transport factor.

Reducing the base width severely degrades the collector current
linearity

A monocrystalline silicon solar cell is being tested under

Standard Test Conditions (STC), where the solar irradiance
(G) is 1000 W/m?.The measured parameters of the cell are: 10
e Dimensions (Area): 156 mmx156 mm 3 5
o Open-Circuit Voltage (Voc): 0.65 V
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o Short-Circuit Current (Isc): 9.20 A
o Fill Factor (FF): 0.78

Calculate the efficiency (1) of the solar cell.
1. Calculate the Active Area of the Cell (A)

The dimensions must be converted from millimeters (mm) to
meters (m) for consistency with the irradiance unit (W/mz2).

1 m=1000 mm

o Length =156 mm=0.156 m
e Width =156 mm=0.156 m

A=LengthxWidthA=0.156 mx0.156 mA=0.024336 m2
2. Calculate the Incident Solar Power (Pin)

The input power is the solar irradiance multiplied by the
cell's area.

Pin=GxAPin=1000 W/m2x0.024336 m2Pin=24.336 W

3. Calculate the Maximum Electrical Output Power
(Pmax)

The maximum power is determined from the key electrical
parameters (Voc, Isc, and FF).

Pmax=VocxIscxFFPmax=0.65 Vx9.20 Ax0.78Pmax
=4.6548 W

4. Calculate the Solar Cell Efficiency ()

Finally, divide the output power by the input power and
multiply by 100 to get the percentage.

n=PinPmaxx100%n=24.336 W4.6548 W
x100%n=0.19127x100%
1=19.13%
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(i) Explain the diode that converts light to electrical energy.

(it) Why different colours of light are emitted from a diode?
(iii) Compare OLED Vs. AMOLED.

(i)Photodiode

(i) The different colors of light emitted from a Light Emitting
Diode (LED) are determined exclusively by the energy band gap
of the semiconductor material used to construct the diode.

(iii)
Amoled VS Oled Display
Durability

An important difference between AMOLED and OLED is that
QLED displays generally last longer than AMOLED displays
AMOLED's faster energy transfer can wear down the hardware

more quickly

Energy Efficiency

OLED dispiays tend to be more energy-efficient compared to
AMOLED displays, which can consume more power, especially

during high-performance tasks like gaming

Cost

AMOLED displays are generally more expensive

Picture Quality

AMOLED offers sharper picture quality due to better energy
architecture within the monitor, This results in smoother

graphics and better viewing angles

10

Consider an NPN BJT common-emitter amplifier circuit
with voltage-divider bias.

e Supply Voltage: Vcc=15V

o Base Resistors: R1=39 kQ, R>=8.2 kQ
e Collector Resistor: Rc=3.3 kQ

o Emitter Resistor: Re=1 kQ

o DC Current Gain: Bpc=100

10
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o Base-Emitter VVoltage: Vee=0.7 V (typical for a
silicon BJT)

Calculate Vg, Ig, Ic, and Vce.

The base voltage is set by the voltage divder (R, and R3) across Vo, We assume the base

current (I ) is small enough to ignore loading, which is a good initial approximation for voltage
divider biss.

8.2 ki) 8.2 ki
—_ )< ev (2202)
! l’\( ) ~ BV r2n

Ve =266V ~-0.7V = 1906V

The emitter current (1) is then found using Ohm’s law across the emitter resistor (R i)

Ve

Iy =
- Ry

1.6V
ET kN

! 1.906 mA

The collector current (1) s related to the emitter current {Ix) by the DC current gain (3,¢)

I = apely
where o i
Since S5 s large (S = 100), oy isclose 1o 1
100 ;
Qe = = == (,0001
101
I 0.9901 « 1.006 mA
I = 1.887 mA
(Note: For practical 8T analysss, it is often assumed I~ = lg, which wolld give I =
1.906 mA. We use the more accurate formuls here )
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Voo = ToRe + Vg + IpRy

rarranging for Vi

Veg = Voo = IeRe — IpR;

sing the calculated currents.

Ver I5V ~ (1L.887T mA » 3.3 k) - (1.906 mA = 1 k2)

Vep =10V - 6.227V - L9906 V

Vepr =15V - 2133V

| 6.8687 \
Parameter Value
Vr (Base Voltage) 2.606 V
1;; (Emitter Current) 1.906 mA
I (Collector Current) 1.887 mA

Ve (Collector-Emitter Voltage) 6.867 V




