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1. Forward Characteristics (Forward Bias) 

Biasing condition: 

● P-side connected to +ve of supply, N-side connected to –ve of supply. 

● The external voltage reduces the barrier potential (≈ 0.7 V for silicon, ≈ 0.3 V for 

germanium). 

What happens inside the diode: 

● The depletion region narrows. 

● More majority carriers (electrons from N-side, holes from P-side) cross the junction. 

● After the barrier is overcome, current increases rapidly. 

I–V characteristic: 

● For V < threshold (cut-in): current is very small (almost negligible). 

● At V ≈ threshold (0.7 V Si / 0.3 V Ge): diode begins to conduct significantly. 

● For V > threshold: current rises exponentially with applied voltage. 

Key features: 

● Cut-in voltage (or threshold voltage) – minimum forward voltage to start 

significant conduction. 

● Forward resistance – very small (a few ohms) after conduction starts. 

 

2. Reverse Characteristics (Reverse Bias) 

Biasing condition: 

● P-side connected to –ve of supply, N-side connected to +ve of supply. 

● The external voltage increases the barrier potential. 



What happens inside the diode: 

● Depletion region widens. 

● Majority carriers are pushed away from the junction. 

● Only minority carriers contribute to current flow (very small). 

I–V characteristic: 

● A very small constant current flows — the reverse saturation current IsI_sIs. 

● This current is almost independent of voltage, but doubles for every ~10 °C rise 

in temperature. 

● When reverse voltage exceeds breakdown voltage (V_BR): 

o Zener breakdown (in heavily doped diodes at low voltages, <5V). 

o Avalanche breakdown (in lightly doped diodes at higher voltages). 

o Diode conducts heavily in reverse direction — if uncontrolled, it can burn 

out. 

Key features: 

● Reverse saturation current: very small leakage. 

● Breakdown region: large reverse current; Zener diodes exploit this safely. 

● Reverse resistance: extremely high (megaohms) before breakdown. 
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1. What is a DC load line? 

● It’s a graphical method to analyze a nonlinear device (like a diode or transistor) 

connected to a DC power source with a resistor. 

● The load line represents all possible combinations of current (I) and voltage 

(V) in the circuit due to the external supply and resistor, before considering the 

diode’s own characteristics. 

● When you plot the diode’s I–V characteristic curve on the same graph, the 

operating point (Q-point) is simply where the two curves intersect. 
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1. What is a Zener diode? 

● Like a normal diode, it conducts strongly in forward bias (after ~0.7 V for Si). 

● In reverse bias, it behaves differently: 



o For low voltages, only a tiny leakage current flows. 

o When the reverse voltage reaches a certain critical value (Zener voltage 

VZV_ZVZ), the diode enters breakdown and conducts heavily without 

damage (if current is limited by a resistor). 

This controlled reverse conduction is its key feature. 

 

2. Zener diode I–V characteristics 

Forward bias (positive voltage to anode) 

● Behaves like an ordinary diode. 

● Current is negligible until about 0.7 V (Si) or 0.3 V (Ge). 

● After this, current rises exponentially with voltage. 

● This region is rarely used in Zener applications. 

Reverse bias (positive voltage to cathode) 

● Leakage region: 

o For voltages less than VZV_ZVZ, only a tiny reverse saturation current 

flows. 

● Breakdown region: 

o When VR=VZV_R = V_ZVR=VZ, the diode starts to conduct heavily in 

reverse. 

o The voltage across the diode stays nearly constant at VZV_ZVZ even if 

current changes widely — this is the voltage regulation property. 

● Excess current protection: 

o A series resistor must be used to prevent current exceeding the diode’s 

rated maximum (called I_Z(max)), otherwise it will overheat. 

 

3. Types of breakdown in Zener diodes 

● Zener breakdown (V_Z < 5 V): 

o Occurs in heavily doped diodes. 



o Due to strong electric fields causing quantum tunneling of carriers. 

o Sharp, well-defined breakdown voltage. 

● Avalanche breakdown (V_Z > 5 V): 

o Occurs in lightly doped diodes. 

o Carriers gain high energy and knock loose more carriers (impact ionization). 

o Slightly softer breakdown, but still stable if current is controlled. 

 

4. Key features of the reverse characteristic 

● Zener voltage (V_Z): 

o The nearly constant voltage maintained during breakdown. 

● Dynamic resistance (r_z): 

o A small slope in the breakdown region (not perfectly flat). 

● Zener knee current (I_Z(min)): 

o Minimum current required to keep the diode in the breakdown region and 

maintain voltage regulation. 

● Maximum Zener current (I_Z(max)): 

o Maximum safe current to prevent overheating. 

 

5. Applications (why this is useful) 

● Voltage regulation: Keeps output voltage constant despite supply variations. 

● Reference voltage: Provides precise voltage in circuits. 

● Waveform clipping/clamping: Limits voltage to a preset level to protect circuits. 

● Switching: Used in over-voltage protection devices. 

 

6. Visual description of the I–V curve 

1. Forward bias (right side of graph): Like a normal diode — little current until ~0.7 

V, then exponential rise. 



2. Reverse bias (left side): 

o Flat, tiny current until the breakdown knee (V_Z). 

o Then current jumps up steeply, but voltage remains almost constant at 

V_Z. 

If I were drawing it: 

● Horizontal axis = Voltage (positive right, negative left). 

● Vertical axis = Current (positive up, negative down). 

● Sharp vertical rise in current at negative V_Z, indicating controlled breakdown. 
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1. What is an Op-Amp? 

● An operational amplifier is a high-gain, direct-coupled amplifier with 

differential input and single-ended output. 

● It was originally used to perform mathematical operations (addition, subtraction, 

integration, differentiation), hence the name “operational.” 

● Modern op-amps are used in signal conditioning, filtering, instrumentation, 

oscillators, control systems, and analog computation. 

 

2. Symbol of a typical op-amp 

The standard symbol is a triangle: 

● Two input terminals: 

o Inverting input (–) 

o Non-inverting input (+) 

● One output terminal 

● Power supply pins (not always shown in basic diagrams): +Vcc and –Vee or –Vcc 



          

 

3. Typical internal structure of an op-amp 

Although modern op-amps are integrated circuits with dozens of transistors, the internal 

structure can be conceptually divided into three stages: 

(A) Differential amplifier input stage 

● Two matched transistors form a differential pair. 

● This stage amplifies the difference between the two input voltages (V+ and V–). 

● Provides high input impedance and low noise. 

(B) Intermediate gain stage 

● Usually a high-gain common-emitter amplifier or a cascaded amplifier. 

● Increases the voltage gain to a very high value (10⁴ – 10⁵). 

● May include an active load or current mirror to improve gain. 

● Often includes frequency compensation (using a capacitor) to maintain stability. 

(C) Output stage 



● Usually a class-B or class-AB push-pull emitter follower. 

● Provides low output impedance to drive loads. 

● Ensures the op-amp can source or sink current efficiently. 

 

4. Ideal vs Practical Characteristics 

Ideal op-amp characteristics 

● Infinite open-loop gain (A → ∞) 

● Infinite input impedance (Rin → ∞) → no input current drawn 

● Zero output impedance (Rout → 0) → can drive any load without loss 

● Infinite bandwidth → amplifies all frequencies equally 

● Zero offset voltage → output is exactly zero if inputs are equal 

● Infinite common-mode rejection ratio (CMRR) → ignores any common signal at 

both inputs 

Practical op-amp characteristics 

● Open-loop gain: very high (10⁵ to 10⁶), but not infinite 

● Input impedance: very high (10⁶ to 10¹² Ω) 

● Output impedance: low (10 Ω to 100 Ω) 

● Bandwidth: limited (MHz range) 

● Small input bias current and offset voltage present 

 

5. Neat diagram of a typical op-amp 

A clean diagram should include: 

1. Block stages: differential input → gain stage → output stage 

2. Input and output terminals clearly labeled (+, –, Vout) 

3. Power supply rails (+Vcc, –Vcc) 

4. Arrows showing signal flow from input to output 
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Q6 (a) Explain Differentiator with waveform and circuit. 

 

An op-amp differentiator produces an output proportional to the time-derivative of the input. 

For the ideal inverting differentiator, the input capacitor C and feedback resistor Rf give Vout(t) 

= −Rf · C · dVin(t)/dt. Practical versions add a small Rin in series with C and a capacitor Cf in 

parallel with Rf to limit high‑frequency noise and stabilize the circuit. 

 

Typical waveforms: 

 



 

 

Q6 (b) Define Op-amp parameters: Gain, CMRR, Slew rate, Input resistance. 

 

 

• Open-loop Gain (A_OL): Ratio of output voltage to the differential input voltage with no 

feedback. Very large (10^5–10^6). Closed-loop gain is set by external resistors. 

• CMRR (Common-Mode Rejection Ratio): The ability to reject signals common to both 

inputs. CMRR = Ad/Ac; usually expressed in dB as 20·log10(CMRR). Higher is better. 

• Slew Rate (SR): Maximum rate of change of the output, SR = dVout/dt (V/µs). Limits large-

signal speed. 

• Input Resistance (Rin): Equivalent resistance seen at each input; ideally infinite. High Rin 

means very small input current (bias current). 

Q6 (c) Explain Inverting Amplifier. 

 

In the inverting amplifier, Vin is applied through Rin to the inverting input; the non‑inverting 

input is grounded. Negative feedback via Rf forces the inverting node to a virtual ground (V−≈ 0). 

The ideal gain is Av = Vout/Vin = −Rf/Rin; input resistance = Rin; output is 180° out of phase with 

input. 

 



Q7 (a) Express F = A + BC as a sum of minterms. 

 

 

We convert F = A + BC into canonical SOP (sum of minterms) using a truth table and 

indexing. 

Step 1 — Truth Table 

A B C BC F = A + BC Index (ABC) 

0 0 0 0 0 0 

0 0 1 0 0 1 

0 1 0 0 0 2 

0 1 1 1 1 3 

1 0 0 0 1 4 

1 0 1 0 1 5 

1 1 0 0 1 6 

1 1 1 1 1 7 

Step 2 — Rows where F=1 

Indices: 3, 4, 5, 6, 7. 

Step 3 — Corresponding Minterms 

Index 3 (A,B,C=0,1,1): m3 = A' B C 

Index 4 (1,0,0): m4 = A B' C' 

Index 5 (1,0,1): m5 = A B' C 

Index 6 (1,1,0): m6 = A B C' 

Index 7 (1,1,1): m7 = A B C 

Step 4 — Canonical SOP (Sum of Minterms) 

F(A,B,C) = Σ m(3,4,5,6,7) 

= A'BC + AB'C' + AB'C + ABC' + ABC 

Q7 (b) How NAND and NOR are universal gates. 

 

NAND universality:  

NOT X = X NAND X;  



AND = (X NAND Y) NAND (X NAND Y);  

OR = (X NAND X) NAND (Y NAND Y).  

Similarly for NOR: NOT X = X NOR X; 

 OR = (X NOR Y) NOR (X NOR Y);  

AND = (X NOR X) NOR (Y NOR Y).  

Since NOT, AND, OR form a functionally complete set, NAND and NOR alone can realize any 

Boolean function. 

Q7 (c) Axiomatic definition of Boolean Algebra. 

 

A Boolean algebra is a set B with two binary operations (+,·), a unary complement (′), and 

two distinguished elements 0 and 1, such that for all x,y,z ∈ B:  

(1) Closure under + and ·.  

(2) Commutativity: x+y=y+x, x·y=y·x.  

(3) Associativity: x+(y+z)=(x+y)+z, x·(y·z)=(x·y)·z.  

(4) Distributivity: x·(y+z)=x·y+x·z and x+(y·z)=(x+y)·(x+z).  

(5) Identities: x+0=x, x·1=x.  

(6) Complements: x+x′=1, x·x′=0. From these, other theorems (idempotence, De Morgan’s 

laws, etc.) follow. 

Q8 (a) Working of a Full Adder using basic gates. 

 

A full adder adds A, B, and Cin. Sum S = A ⊕ B ⊕ Cin. Carry-out Cout = AB + BCin + ACin. 

Implementation: two half adders (HA1 forms S1 and C1 from A,B; HA2 forms final S from S1 

and Cin) and an OR combining C1 and HA2 carry. 

 



Q8(b) SOP vs POS — Definitions and Examples 

1) Key Ideas: 

- Minterm (canonical product term): AND of all variables (each in true or complemented form). 

It is 1 for exactly one row of the truth table. For variables (X,Y,Z), index a minterm by the binary 

row XYZ: m5 (binary 101) = X Y' Z. 

- Maxterm (canonical sum term): OR of all variables (each in true or complemented form). It is 0 

for exactly one row. For row (101): M5 = X' + Y + Z'. 

Mapping rule: For mintermm_i: bit 1 → variable uncomplemented, bit 0 → complemented. For 

maxterm M_i: bit 1 → complemented, bit 0 → uncomplemented (opposite of minterms). 

2) SOP (Sum of Products): OR of product terms. Canonical SOP: sum of all minterms for which 

F=1. 

Example: For F=1 at rows 001, 011, 101, 111 → indices 1,3,5,7: 

F(X,Y,Z) = Σ m(1,3,5,7) = X'Y'Z + X'YZ + XY'Z + XYZ. 

3) POS (Product of Sums): AND of sum terms. Canonical POS: product of all maxterms for which 

F=0. 

Example: Zeros at indices 0,2,4,6: 

F = Π M(0,2,4,6) = (X+Y+Z)(X+Y'+Z)(X'+Y+Z)(X'+Y+Z'). 

Tip: Σ m(ones) ↔ Π M(zeros), where the sets are complements in the index range. 

Q8(c) Converting F = XY + X̄Z to Product of Maxterms 

Method 1 — From truth table: 

Truth table: 

X Y Z Index F = XY + X̄Z 

0 0 0 0 0 

0 0 1 1 1 

0 1 0 2 0 

0 1 1 3 1 

1 0 0 4 0 

1 0 1 5 0 

1 1 0 6 1 

1 1 1 7 1 

     



Zeros at indices 0,2,4,5 → Maxterms: 

M0 (000): (X+Y+Z) 

M2 (010): (X+Y'+Z) 

M4 (100): (X'+Y+Z) 

M5 (101): (X'+Y+Z') 

Canonical POS: F = Π M(0,2,4,5) = (X+Y+Z)(X+Y'+Z)(X'+Y+Z)(X'+Y+Z'). 

Method 2 — Algebraic factoring: 

XY + X'Z = (X+Z)(X'+Y) [consensus identity]. 

Convert each to canonical form: 

(X+Z) = (X+Y+Z)(X+Y'+Z) 

(X'+Y) = (X'+Y+Z)(X'+Y+Z') 

Multiply: (X+Y+Z)(X+Y'+Z)(X'+Y+Z)(X'+Y+Z') — same as Method 1. 

Simplified POS (non-canonical): (X+Z)(X'+Y). 

Q9 (a) Working of a Potentiometer-type Transducer. 

 
 

A resistive track of length L is excited by Vs. A wiper linked to displacement x taps a fraction 

of the voltage: Vout = (x/L)·Vs (linear pot) or proportional to angle (rotary pot). It is simple, 

low-cost, and suitable for static and dynamic displacement. Errors arise from wear, noise at 

the wiper, and loading (finite input resistance of the measuring circuit). Resolution depends 

on track granularity. 



Q9 (b) Note on Photodiodes. 

 
A photodiode is a PN/PIN/Avalanche junction operated under reverse bias; incident 

photons create electron–hole pairs, producing a photocurrent nearly proportional to optical 

power. Key relations: I = Idark + RP (A/W×W). PIN structure gives fast response; APD 

provides internal gain. Used in optical receivers, light meters, encoders. 

 

Q9 (c) Piezoelectric Transducer 

 

 
Certain crystals (quartz, PZT) generate charge when stressed: Q = d·F, where d is the 

piezoelectric coefficient. The output voltage is V = Q/C. Equivalent circuit is a charge source 

in parallel with capacitance and large resistance; hence unsuitable for true DC/static 

measurement but excellent for dynamic pressure/acceleration/ultrasound. Needs 

high‑impedance amplifier/charge amplifier. 



Q10 (a) Typical Radio Transmitter. 

 

Blocks: Audio/Baseband source → Audio processing/AF amplifier → Modulator (AM/FM/PM) 

driven by RF carrier oscillator → RF chain (buffer/driver/power amplifier) → Matching 

network/antenna. For superheterodyne-style upconversion, an IF stage and mixer may be 

inserted before the PA. 

 
Q10 (b) What is modulation? Need for modulation. 

 

Modulation is the process of varying a high‑frequency carrier by the baseband signal 

(amplitude, frequency, or phase). Need: (1) Practical antenna size (λ/4 at carrier) (2) 

Long‑distance propagation and multiplexing (sharing spectrum) (3) Improved 

noise/interference immunity and selectivity (4) Frequency translation of baseband to 

assigned RF channel (5) Power efficiency and manageable radiation. 



Q10 (c) Working of LVDT. 

 

An AC‑excited primary couples to two identical secondary coils connected in opposition. With 

the core centered (null), V1≈V2 so Vo≈0. Displacing the ferromagnetic core increases coupling to 

one secondary and decreases the other; the differential output Vo = V2 − V1 is proportional to 

displacement and its phase indicates direction. Highly linear over a central range; frictionless; 

requires AC excitation and demodulation. 

 

 


