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The Tutorial Overview

Section 1
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Simple Block Diagram
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Microphone input | Amplifier Line level output




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




Preamplifier Technologies

Transformer-Coupled Vacuum Tube
* Robust
» Colorful
» Costly
Transformer-Coupled Solid State
* Also Robust
* Performance can be
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Amplifier Input Bias Current
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Gain Control
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Phantom Power

Phantom Power
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“Complete” Microphone Preamp
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It would be nice to say “that’s all there Is”
4 but.......
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DC Offset Changes
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Trade-offs with Cg
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Resistor Value Selection
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Capacitor Value Selection
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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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Phantom Power
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Phantom Power Faults

e 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

THAT [T



Phantom Fault Protection

Phantom Power
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Complete Microphone Preamp

Phantom Power
+48V
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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 other Never Told You”




Amplifier Topologies

What's inside the triangle?
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Scope

* \WWe will concentrate on topologies that
allow a wide range of gain with a single
control.
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Simple Mic Preamp Schematic
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Simple Mic Preamp
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Simple Mic Pre THD Performance

THD vs. Gain, 1 kHz, +20 dBu Out

THD vs. Gain, +20 dBu Out

RS o poration




High-Gain Noise Sources of Simple Mic Preamp
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Low-Gain Noise Sources of Simple Mic Preamp
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Noise Performance of Simple Mic Preamp

EIN (dBu, 20 Hz - 20 kHz, Rs = 150) vs. Gain(dB)
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CMRR Performance of Simple Mic Preamp
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Simple Mic Preamp

o 2 Transistors and 1 Opamp
 Very Low Cost
* Marginal Performance
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Complementary Feedback Pair Mic Preamp
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CFP Mic Preamp
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* |Input devices are
each a compound
transistor

(Complementary




CFP Mic Preamp

o Output impedance at
NPN emitters1is
e e O e,

. mPNP 11
to al | T a (SSSHIRCHEEENT

L e ee—
"'ﬁé?:SDﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

ot |
ol R |

3 THE A N R T
2

RS o poration



THD Performance of CFP Mic Preamp
THD vs. Gain, 1 kHz, +20 dBu Out

THD vs. Gain, 1 kHz, +20 dBu Out
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High-Gain Noise Sources of CFP Mic Preamp

* |Input noise at high
gains dominated by:

e Qq, Q, I Shot Noise
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Low-Gain Noise Sources of CFP Mic Preamp

=l 1 * Input noise at low
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Noise Performance of CFP Mic Preamp

EIN (dBu, 20 Hz - 20 kHz, Rs = 150) vs. Gain (dB)
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CMRR Performance of CFP Mic Preamp
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CFP Mic Preamp

e Performance Is improved over Simple
Mic Preamp

 Distortion performance still not terrific at
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Current Feedback Instrumentation Amp

 Topology used in most integrated mic
preamp ICs including ADI - SSM2019,
Tl - INA103, INA163, INA217, THAT —
1510,1512, 1570 and possibly others
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Basic CFIA Mic Preamp Schematic
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Basic CFIA Mic Preamp
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What's “Current Feedback”?

e Closed loop
bandwidth stays
substantially

- constant with closed
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“Half Circuit” of CFIA
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High-Gain Noise Sources of CFIA Mic Preamp
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* |Input noise at high
gains dominated by:

e Qq, Q, I Shot Noise
(RTI) = 2dle = 4kTr,




Low-Gain Noise Sources of CFIA Mic Preamp
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::::::::::::535::::::::5?5::::?@';:::::::::€ dominated by

=« Thermal Noise of Rg, Rq

SRR EEEEE] EEEERREE RN 3 Noise Of .|

RS o poration




CMRR Performance of CFIA Mic Preamp

RS o poration

e Unity CM Gain to
OUT1 - OUT2

e CMRR = Differential
Gain




Refinements to the CFIA

| = Early effect and Ccb
mismatch in the current

source transistors can also
SRRt contribute to THD at low gains
@ |+ Cascoding helps here at the

| expense of some input CM
range
A Folded Cascode can
minimize the noise
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A Real Example THAT’s 1570 CFIA

WM " o e Anintegrated circuit

om0 a2k current-feedback

% N S Instrumentation
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----------------- \Z - amplifier front end
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1570 Bandwidth vs. Gain

1570 Bandwidth vs. Gain
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THD Performance of 1570 Mic Preamp
THD vs. Gain, +20 dBu Out, Rf = 2.21k

THD vs. Gain, +20 du Out
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Noise Performance of 1570

EIN (dBu, 20 Hz - 20 kHz, Rs = 150, Rf = 2.21k) vs. Gain (dB)
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Utilizing the Differential Output to Drive A/D Converters
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Birt Circuit

 David Birt, 1990
e Provides CMRR
* Gain = Ry/R;
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Birt Circuit Applied to 1570 and A/D Drive
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Converting Differential Output to Single-Ended
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Differential to Single-Ended Conversion
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1570 + Differential Amplifier
Noise vs. Gain Performance

-90

EIN (dBu, 20Hz - 20 kHz, Rs = 150) vs. Gain (dB)
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—— Diff Amp Gain =.5, Rf =2.21k
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Conclusions

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

-« The current-feedback instrumentation
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Questions ?
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