The Audio Amplifier

Audio Amplifier
· Audio Amplification

· The output of the product detector is our audio signal

· 620 Hz audio tone

· High frequency over tones due to Gilbert-Cell mixer

· The output is filtered and amplified by the Audio amplifier circuit

· The audio amplifier circuit includes bandpass filters, high-pass filters, and low-pass filters

· The output power level is stabilized by the “Automatic Gain Control” (AGC) circuit

· Feedback network with voltage controlled resistors

· We start our discussion with the audio amplifier circuit

· Audio amplifier:

· LM386:
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· Three stages of amplification:

· First two stages:  Darlington Amplifier
· Final stage:  class AB push-pull power amplifier
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Figure 13.1. Schematic for the LM386N-1 Audio Power Amplifier, from the National Semicon-
ductor data sheet in Appendix D.



The first two stages are a “Darlington Amplifier”.  This consists of: 
· A pnp common-emitter amplifier
· A pnp differential amplifier

· The Darlington amp is essentially acting as a current amplifier:

· 
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· Collector current pulled through a “Current Mirror”

· Forces currents 
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 to be equal.

· The final amplifier is a class AB push-pull power amp.

· Push (compound pnp-transistor)

· Pull (npn-transistor)

· Linear amplifier

· Distortion reduced by the diode pair providing forward biasing base-emitter diodes.

· Feed-back network

· Stabilizes gain (dependent on lumped elements rather than current gain).

· Filter signal

· Boost gain (voltage gain ~350)
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DC Bias network:
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Figure 13.1. Schematic for the LM386N-1 Audio Power Amplifier, from the National Semicon-
ductor data sheet in Appendix D.



Supply circuit:
· [image: image92.png]glekSE @)
Bypass Bias

15kQ ? Gam Gain Rf &
15kQ 5
L I\, 4—0 Output
L 150Q 1.35kQ,
3 SZ
— Input ? tnput
50kQ 50kQ
4
-0 Ground

Figure 13.1. Schematic for the LM386N-1 Audio Power Amplifier, from the National Semicon-
ductor data sheet in Appendix D.
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· Output circuit

· 
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· Solving for the currents:

· 
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· Current mirror forces: 
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· Combining the two equations:

· 
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The pnp Emitter follower 

· Provides a large input impedance

· Input buffering

· The 50 kΩ resistor provides a DC path to ground for the base currents of the differential common emitter pair.
· Inputs need to be capacitive coupled to not disrupt the DC bias network.

· The input impedance is dominated by the 50 kΩ resistors

· The Differential Amplifier

· The next stage composes a pnp differential amplifier
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· The currents 
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 are forced to be the same via the current mirror

· The input differential voltage is effectively applied between the two emitters (across 
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· The output are the collector currents 
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· The Current Mirror

· The currents are forced to be balanced by the current mirror
· 
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· How it works:

· 
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· Since 
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 is in common, both have the same collector current

· For large 
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.  Therefore, 
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Amplifier Gain

· The current mirror forces both the DC and the AC currents to be the same in the Darlington amp

· Viewing the input of the AC circuit:
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· Note:  The voltage across 
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 is simply the differential voltage, 

· b/c the base-emitter diodes are forward biased by the DC network

· AC current to the supply is ~0 due to high resistance.  
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· Current through 
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· Output stage: - Class A-B push-pull amplifier
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· High gain (~350 when we are done), 
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· 
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· We also found that:

· 
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· Thus:

· 
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 - This is the differential voltage gain
· Voltage Gain: 
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· Independent of transistor gains (
[image: image39.wmf]b

), thus is stable.

· Similar to an op-amp circuit

· The LM386 has internal feedback through 
[image: image40.wmf]f

R


· 
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 can be partially bypassed between pins 1 & 8.

· Default gain:

· 
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· Bypass capacitor between pins 1&8 such that small AC parallel impedance:

· 
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· In problem 31, you will construct more complex feedback networks that help to filter the signal and boost the gain beyond 200.

· More on this in a few slides

Differential Input
· The Audio amplifier is studied in Problem 31.  
· Initially, you will find the amp is driven with a differential input
· AF1 and AF2, from the output pins 4 and 5 of the product detector

· Problem 31A:
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· Differential input
· 
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 represents output resistance of the SA602AN mixer IC

· Capacitively coupled through C20 & C21 to the LM386
· Output (pin 5)

· Coupling capacitor (C27) in series with 8 Ω resistor (speaker impedance)

· What type of filter is the output network?

· Output network:

· 
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HPF:  
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· P31C:
· 
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· 
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· High-pass

· 
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· Gain at 620 Hz:

· 
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· P31C: 
· Additional feedback ckt C55+R22
· View of feedback network:
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· Nodal Analysis:
· 
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· Linear sytem:
· 
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· Invert the 
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 system:
· 
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· where, 
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· Solving:
· 
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· Differential Input:
· 
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· Voltage gain:
· 
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· Approximation:
· 
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· 
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,     where, 
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· Bandpass filter:
· Resonant frequency:
· 
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· 
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· Approximate Gain:  
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· Exact:
· 
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· Exact Gain:
· 
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· Additional losses decrease the gain
· Bandwidth:
· 
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· Part F:
· Add a filter at the input to the audio amp. 
· Simplified circuit to the right.  Voltage gain:
· 
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· The loss is defined as:
· 
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· This is written more formally in the form of the loss of a bandpass filter (
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· where,
· 
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· Summary:
· The input signal is capacitively coupled to the audio amplifier, and bandpass filtered
· 
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· The feedback network also bandpass filters the signal:
· Max gain ~306
· 
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· Output stage high-pass filters the signal
· 
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