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This presentation is an abbreviated version of a
tutorial given at the
2010 AES Conference in San Francisco.

The complete tutorial is available at
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Overview

Section 1
Support Circuitry
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Simple Block Diagram

Microphone input | Amplifier Line level output

N7

Microphone signal levels vary widely due to:
* Microphone sensi
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Typical Requirements

Gain
« Up to 40 dB covers the majority of close-mic’d applications
* Some situations require more than 70 dB
« Variability of input levels requires adjustable gain over a very wide
range
Phantom Power
* Required for many microphones

« Standardized in IEC EN 61938
48 Volts +/- 4V at up to 10 mA per microphone

 On / off control
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Preamplifier Technologies

Transformer-Coupled Vacuum Tube
* Robust

* Colorful
+ Costly

Transformer-Coupled Solid State
» Also robust

« Performance can be excellent
« Cost can be high
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Amplifier Input Bias Current
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Gain Control

+ > IN+
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- > IN-
R1 g % R2

A4

The amplifier is often designed to vary gain using a single variable
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Phantom Power

Phantom Power
+48V
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Input Pad

Phantom Power
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Input Pad
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“Complete” Microphone Preamp
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It would be nice to say “that’s all there is”
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DC Offset Changes
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Trade-offs with Cg
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Resistor Value Selection

Phantom Power
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Capacitor Value Selection

Phantom Power
+48V
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Alternative Resistor-Capacitor Value Selection
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Common Mode Rejection (CMRR)
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U-Pad Attenuator
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Example -20 dB Input Pad
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RFI Protection

Phantom Power
+48V

Input Pad

6k81 § § 6k81
|
@
: 33 uF
+
+ > AN | || IN+

[
—— 100 pf cd

]
|
| Rg,
T | A
G 267§ | 470 pf == Rg cy
—— 100 pf 1K1 : c2 |— Rg,
|
|
|

11

I
i SBUF 9121 § 1k21

JWSV.:NMM Corporation




Phantom Power Faults

« Shorting input pins to ground with phantom
turned on
— 33uF coupling caps C1 & C2 start charged to 48V
— Positive end of C1, C2 connect to ground
— Negative end of C1, C2 driven to -48V!

« The shorting sequence can vary
— “Single-ended”: One input to ground
ground simultaneousl
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Phantom Fault Protection

Phantom Power
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+48V

Complete Microphone Preamp

Phantom Power
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References and Additional Information

— THAT Corp “THAT 1510/1512” data sheet

— THAT Corp “THAT 1570 & 5171” data sheets,

— THAT Corp “Design Note 140”

— THAT Corp “Design Note 138”

— THAT Corp “Analog Secrets Your Mother Never Told You”

— THAT Corp “More Analog Secrets Your Mother Never Told You”

— “The 48 Volt Phantom Menace Returns” Audio Engineering Society Preprint from the
‘ 127t AES Convention, Oct 2009
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Amplifier Topologies

What’s inside the triangle?

VY o poration




Scope

* We will concentrate on topologies that allow a
wide range of gain with a single control.
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What About Op-amps?

« Voltage feedback op-amps have fixed Gain Bandwidth (GBW)
product

« A 20 MHz GBW op-amp may have no loop gain at 20 kHz when
set for 60 dB closed loop gain

Direct correlation between distortion and loop gain
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Op-Amp Gain Bandwidth
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Open|Loop Gain
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Simple Mic Preamp
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Complementary Feedback Pair
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 Input devices are each
a compound transistor
(Complementary
Feedback Pair)

Output impedance at




Current Feedback Instrumentation Amp

« Topology used in most integrated microphone
preamplifiers

« Scott Wurcer — AD524 |IEEE Paper 12/82
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What's “Current Feedback™?

* Closed loop bandwidth
stays substantially constant

B ‘\L | gﬁRCﬁ TN with closed loop gain until r
I o becomes a significant factor
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Basic CFIA Mic Preamp
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| = Large loop gain (A)

keeps Q1 & Q2 current
constant




Refinements to the CFIA

- | « Eliminating major sources of
' THD exposes more subtle
distortion mechanisms

.| » Additional circuitry, such as
] cascoded current sources and
. =4 folded cascode loads, can

b gy | minimize these effects

---------------- B 1111 R NP A AR N

ik g
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A Real Example CFIA

INT ot R CRT :on1 « An integrated circuit
H W Wy
Y AR B I A current-feedback
BN D DR Instrumentation
1 R Whlu amplifier front end
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Example CFIA Bandwidth vs. Gain

1570 Bandwidth vs. Gain
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HD Performance Comparison
THD vs. Gain, +20 dBu Out, Rf = 2.21k

THD vs. Gain, +20 du Out
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Noise Performance Comparison

EIN (dBu, 20 Hz - 20 kHz, Rs = 150, Rf = 2.21k) vs. Gain (dB)
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Conclusions

* Microphone preamplifiers with a wide gain range controlled by a
single resistance involve trade-offs between low-gain noise and
high-gain distortion performance

« The current-feedback instrumentation amplifier is capable of
good performance at both extremes
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Questions ?
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