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I) Fan-Out

* Definition: Fan-out is the maximum number of inputs that a digital logic gate output can drive
without degradation in performance.

 Explanation: It represents the load capacity of a gate; higher fan-out means it can connect to
more subsequent gates.

* Importance: Essential for ensuring signal integrity across connected components in a circuit.
ii) Noise Immunity
* Definition: Noise immunity is a measure of a circuit’s ability to tolerate external electrical noise

without malfunctioning.

 Explanation: High noise immunity ensures that signals remain unaffected by minor fluctuations
or interference in voltage.

 Importance: Critical for reliable performance in environments with electrical interference, as it
prevents data corruption and errors.

iii) Propagation Delay

e Definition: Propagation delay is the time taken for a signal to pass from the input to the output
of a gate.

 Explanation: It measures the speed of a gate and affects the overall speed of digital circuits.

 Importance: Lower propagation delays allow for faster data processing in digital systems.
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IV) Characteristics of TTL Logic Gate

 Speed: TTL (Transistor-Transistor Logic) gates are relatively fast, with moderate propagation

delay.

e Power Consumption: TTL circuits consume more power than some other logic families, like
CMOS, but less than older logic types.

 Noise Immunity: TTL has moderate noise immunity, making it suitable for most
general-purpose applications.

* Fan-Out: TTL logic gates usually have a fan-out of 10, meaning they can drive up to 10 standard

TTL inputs.
e Voltage Levels: TTL operates typically at a 5V power supply with a distinct logic 0 (0V) and

logic 1 (~5V).
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A TTL NOR gate outputs a low (0) when any input is high (1) and outputs a high (1) only when all
inputs are low (0).

Working Principle:

1. The gate uses a multi-emitter transistor for the inputs. If any input is high, this transistor
conducts and keeps the output low (0).
2. When all inputs are low, no current flows in the input transistor, allowing the output to go high

(1).

This structure provides the NOR logic, where the output is only high if all inputs are low.
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6. a) Explain the working principle of CMOS NAND and NOR gates.

b) Draw the circuit diagrams of TTL NAND and NOR gates.

c) Compare various characteristics of TTL and CMOS logic gate.

i L] L] ¥ ¥
i } !l % § i |
e e e e e s e e e s e (S

Working Principle:

e When both inputs (A and B) are high (logic 1):

o Both nMOS transistors conduct, creating a direct path to ground, pulling the output to low
(logic 0).

o Both pMOS transistors are off, so no current flows from V_DD to the output.
e When either or both inputs are low (logic 0):

o At least one pMOS transistor is on, connecting the output to V_DD, so the output becomes
high (logic 1).

o At least one nMOS transistor is off, breaking the path to ground.
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Working Principle:

e When both inputs (A and B) are low (logic 0):

o Both pMOS transistors conduct, creating a direct path from V_DD to the output, pulling it to
high (logic 1).

o Both nMOS transistors are off, so no current flows to ground.
e When either or both inputs are high (logic 1):

o At least one nMOS transistor conducts, creating a path to ground, so the output is pulled low
(logic 0).

o At least one pMOS transistor is off, breaking the path to V_DD.
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TTL (Transistor-Transistor Logic) and CMOS (Complementary Metal-Oxide-Semiconductor) logic
gates differ mainly in power usage, speed, and noise resistance. TTL has higher power
consumption and faster switching but limited noise immunity and fan-out. CMOS uses less power,
has higher noise immunity, and can work over a wider voltage range, making it ideal for
battery-powered and complex digital circuits.

Characteristic TTL CMOS

Power Consumption High Low

Switching Speed Fast Initially slower but now fast
Fan-Out Capability Limited (~10) High

Noise Immunity Lower Higher

Input Impedance Low Very High

Supply Voltage Range Typically 5V 3V-15V (varies)

Cost Higher for high density Lower, scalable
Temperature Stability Moderate Better due to low power



http://www.onebyzeroedu.com

