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What you should know already?
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Inside a typical BJT op-amp
v Three stages architecture: 

1. Differential input stage – long-tail pair  (Yr 1 Circuits part 2, adc_9, slides 8-14)
2. Voltage gain stage – common emitter amp (adc_6, slides 3-7)
3. Output drive stage – push-pull circuit

Input Gain Output
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Inside a typical MOSFET op-amp
v Early MOSFET op-amp follows similar architecture to the BJT version.

current mirror
loads

compensation
capacitors
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n-type input MOSFETs but not rail-to-rail
v Similar op-amp is obtained by:

Ø Flip circuit up-side-down.
Ø Replace all n-type with p-type and vice versa. 

near VDD

VSS+2VGS Active pull-down

Passive pull-up

• Not rail-to-rail input or output.
• Asymmetrical output drive.
• Bad for low-voltage, single supply.
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Complementary differential input
v Use complementary differential input to solve input rail-to-rail issue. 

Source: TI’s LMV321A datasheet

Source: MCP6001 datasheet

https://shorturl.at/JCYeu
https://shorturl.at/CWGwl
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Op-amp Input Specifications

Source: MCP6001 datasheet

Highlighted entries are implemented in the MCP6001 LTSpice model.

v These are the input specifications for the MCP6001 op-amp.

https://shorturl.at/CWGwl
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Output Stage – Class B
v Yr 1st ADC part 2 Lecture 6, S3-5

v Q4 is emitter follower (Common-Emitter) for 
sourcing current to Vout (PUSH)

v Q5 is another emitter follower for sinking current 
from Vout (PULL)

v This is known as a PUSH-PULL  or class B 
amplifer circuit

v dVout ≈ dVin, i.e. its gain is 1

v Each transistor only operate for half cycle or 
180º of a sinewave signal

v Further, Q4 and Q5 requires VBE > 0.7V to start 
conducting, therefore this amplifier has 
distortion.

Vin
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Bipolar output Stage – Class AB output 

v Q8 push emitter follower sourcing current

v Q9, Q10 pull emitter follower sinking current

v D1, D2 forward bias due to I1

v Keep Q8 and Q9 in linear region – reduce 
distortion

v Q9 PNP has poor current gain

v Combine with Q10 NPN to boost current gain

v Q9, Q10 - called a “Sziklai” pair (different from 
Darlington pair)

v Av ≈ 1
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Class AB output of MOSFET op-amp

v Improved output stage cannot drive low impedance load, say 8W speaker.

Source: TI’s LMV321A datasheet

(Source: MCP6001 datasheet)

https://shorturl.at/JCYeu
https://shorturl.at/CWGwl
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Op-amp Output Specifications

Source: MCP6001 datasheet

Highlighted entries are implemented in the MCP6001 LTSpice model.

v These are the output specifications for the MCP6001 op-amp.

https://shorturl.at/CWGwl


Lecture 3 Slide 12PYKC  15 Oct 2024 EE2 -  Circuits & Systems

Block Diagram of a Class D amplifier
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The PAM8302A Audio Amplifier

PWM
amplifier
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Stability issue in op-amps
v Op-amp as an amplifier always uses NEGATIVE 

FEEDBACK to determine the gain.

v Consider this unity gain buffer: break the loop in 
the feedback path.

v Due to delay, could feedback a signal that is 
180º out of phase relative to input.

v The negative feedback now become positive 
feedback, leading to oscillation.

Stability requirement:
1. The open-loop gain is > 1, but the phase angle must be <180º at all 

signal frequencies,   OR
2. The phase angle is ≥ 180º, but the open-loop gain is < 1 at all signal 

frequencies.

~ ~
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Open-loop gain and compensation capacitors

compensation
capacitors
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Op-amp Loop Gain specification

Source: MCP6001 datasheet

Gain margin

phase margin

dominant pole

https://shorturl.at/CWGwl

