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Microphone pre-amplifier

This microphone pre-amplifier was designed originally for portable recording (although it would be
equally at home in a studio, or mixing desk). To this end (with the exception of the high pass filter) it is as
neutral* as possible and has no EQ as it is expected that any processing or EQ is done in post production.

Design considerations

A microphone pre-amplifier needs to meet a number of almost contradictory criteria in order to be
considered useful.

Firstly, a good pre-amplifier needs to have low distortion and produce very low levels of noise.

Secondly a good Pre-amplifier needs to have variable gain so it can accommodate a wide variety of
signals.

This characteristic alone has made pre-amp design challenging over the years. Earlier pre-amplifiers
(from the valve era) typically had fixed, high gain stages with a variable attenuator between the signal
source and the pre-amplifier. While this could work reasonably well, it meant that noise and distortion
from the amplifying stage, (the bane of any high gain electronics), was fixed, could be fairly high, and did
not decrease with gain.

Thirdly a good pre-amplifier needs to have very little 'colouration' (i.e. have a flat frequency response),
while it would be more fair to consider this to be more a characteristic of the microphone, the loading that
the pre-amplifier presents to the microphone will often affect its character. Typically a lower impedance
pre-amplifier will dull the sound of a microphone presenting a warmer, richer (muddier, duller) sound
while a higher impedance pre-amplifier will give a crisper, clearer (harsher, more strident) sound.

~~~ frequency response of SM57 with different loading ~~~

While the output impedance of a typical balanced microphone is in the order of 150 ohms or so, the ideal
input impedance of a microphone pre-amplifier is somewhere around 1500 to 5000 ohms*, and one of the
advantages of building your own pre-amplifier is that you can readily experiment with input impedance to
find what character/colouration you prefer.

Finally a Microphone pre-amplifier needs to have a balanced*! input to minimise the effect of
interference.

The easiest modern approach would be to simply use an Op-amp set up as a differential amplifier like
this:

g R‘\?W\. Ra i if we make the gain setting resistors (R4 and R1) variable, we have
what we want right?
IC1A . D
Input =t 1, output |unfortunately there are a couple of problems with this circuit that
: make it unsuitable for this application: the biggest problem is that
R3 R1 Op-amps tend to be rather noisy at higher gain — too noisy in fact,
2 ANV AN .. . N .
for this job, the second problem is that variable resistors

(especially less expensive ones) do not usually track accurately
enough and any mismatch between R1 and R4 (or R2 and R3) will decrease the CMRR (Common Mode
Rejection Ratio) or the circuits ability to reject interference.
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Discrete input (Long tailed pair)

Instead it is more common to use a couple of medium power (low noise) transistors in a configuration
known as a long tailed pair to provide a high gain stage in front of an Op-amp something like this:
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This circuit, where Q1 and Q2 share a common resistor (R11) can be thought of as working a bit like a
see-saw, at idle (i.e. no signal input) Q1 and Q2 share the current equally, so that current through R15 is

the same as the
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current through R14, this in turn means that the voltage at the junction of R15+RS is the same as the

voltage at the junction of R16+R6 and so the output from the op-amp (IC1A) is OV.

When the signal into the pre-amplifier turns one transistor on (e.g. Q1 in the diagram on the right) that
Transistor draws more current, which in turn takes current from the other transistor, turning it off.
Likewise when one of the transistors is turned off, this forces the other transistor harder on.

This means that the gain of a long tailed pair, is dependant on the interaction between the two transistors

and if we now split R11 into two resistors (R11 and R12) and separate the two halves of the circuit with a
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variable resistor (VR1) as shown in the picture on the left, we can now vary the gain of the circuit using

VRI.

variations of this circuit are commonly used in most popular mixing desks and Microphone Pre-

amplifiers.
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Complementary feedback pair

An improvement over the simple long tail pair uses a Complementary feedback or Szliski pair
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the complementary feedback pair has more gain and lower distortion (due to the inherent negative
feedback in the circuit) than the single transistors they replace, so this circuit therefore performs better
than the simple long tailed pair, however it is more complex and can be more of a challenge to get
working nicely.
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A further improvement in performance can be gained by using a current feedback amplifier, but I have
probably already covered more aspects of pre-amplifier design than most folk would care for (and if you
are really interested there is always the internet) so instead let me just go straight to this circuit:

V+ R
22R
[ Miicrophone in | K 3> +18V
c11 | | C10 c4
100pF~[* | I 100pF 100uF "M1f§283
|| "_.‘“"“:_"_|| | ||—'W\/\,—5+ 7
< = Ro2 . c5 R22 6
> 5K1

47R 100uF R18
> 18v 10K

R13 T —WWW— r=—--n

v 22R V R19 1 5!

Cc2

| I |

AAMA
VWy
A
=

[}
> - | 1
g = 33uF e L R21k% R17 220R : 2 §:
+ + [y o
b v y ==&
D4 1N4148 L LM1458N S g
— . = o7 sl co JINLIC2A R20 |L___15
= g 220nF 220nF| 220nF 1] A0R
= 1K6 s
c3 3 —1 p R
swasg | |30 2 2% ., 3
= —AW——=—
RIME |
[}
|
[}

R5 2K4 INA217
10R THAT1512
or
V- SSM2017
1 3

> R7 VR1 Gain
" 2K4 10Ke

|

? Her

er, yes ok | 'cheated' and used an Integrated circuit, the Burr-Brown INA217 or THAT semiconductor
1512 offer levels of performance which it would take a lot of effort to improve on in discrete form. The
internal circuitry of both devices use the Szliski Complementary feedback pair in a long tailed
arrangement (as discussed earlier) as well as a current feedback loop to bring THD down further still.

Phantom power is supplied via R10, R9 and R8 while Capacitor C6 provides additional smoothing and
acts as a low pass filter to reduce turn on 'thump' if/when phantom power is turned on while capacitors C1
and C2 block phantom power from damaging the pre-amp. Diodes D1-D4 clamp the input to protect the
pre-amp against damage.

R3, R4 and RS provide a pad for high level signals when needed. C7, C8, C9, R14, R15 and R16 in
conjunction with IC2A provides a third order Butterworth highpass filter set at 100Hz while IC2A and
IC2B also act as an output buffer.

The VU meter connection comes before the High pass filter, this allows the user to set the gain to get as
high a signal as possible without the Input pre-amplifier being driven into clip — a meter after the High
pass filter may not show low frequency noise (such as wind rumble etc.) and it is possible that the pre-
amplifier could then be driven into clip without the meter indicating this.

The power supply is decoupled via R12 and R13 with C4 and C5. R12 and R13 significantly reduce noise
current from any power supply and stop this noise being injected into the Pre-amplifier Earth.

Finally (and this may be where you might want to experiment a bit) R6 and R7 effectively set the input
impedance of the pre-amplifier. While 2K4 as shown here, gives more than acceptable results, lower
values will provide a warmer (muddier) sound, while higher values will give a sharper (harsher) sound.
With many microphones there are limits to the values that can be used here and resistors below 820 ohms
will start to load down most microphones unacceptably, while values above 4K will also provide pretty
poor results (unless you like that sort of thing).
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* There is a popular belief, that input impedance needs to match the output impedance of the preceding
stage in order to get maximum power transfer. While this can be the case when transformers and
transformer coupled loads are involved (such as the output of a valve guitar amplifier) it is not true when
active electronics are involved. Modern electronic amplification is about amplifying voltage rather than
power (the obvious exception here, being power amplifiers, and even they are essentially voltage
amplifiers which also happen to be designed to drive very low impedance loads — and they sure as heck
don't want to be dissipating the same amount of power in the output stage that they deliver to their load).

In order to get the maximum voltage out of the preceding stage (in this case a microphone) we want to
present as little load (or as high an impedance) as possible. The problem with this is, that as your input
impedance increases so does noise.

*1 Balanced?

Balanced cabling consists of two signal wires —
one commonly called 'in phase' and the other 'out

I(r:mecri . of phase'
onauctors . .
(these names can be a tad misleading and I only

“\Shield use them here as this reflects common usage)
surrounded by a shield. as before the shield is
there to stop the signal wires picking up electrical interference but why are there two signal wires?

I could go on about in-phase and inverted signals etc. but I think the easiest way to understand how
balanced cabling and circuitry 'rejects' interference is like this:

Think of the 'in phase' circuit as carrying the signal while the 'out of phase' (for the sake of this
explanation) has no signal.

Since both conductors are twisted together, any interference or noise picked up by the in phase circuit will
also be picked up equally by the out of phase circuit, if the receiving electronics takes the difference
between the two signals (i.e. subtracts the out of phase signal from the in phase signal) since the
interference is common to both circuits it is cancelled out.

Minus

'In phase' (Signal + Interference) '‘Out of Phase' (Interference only)

Equals:

Desired Signal
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Construction

Layout

Compoct
Microphone
Pre-Amplifier

248 =50 o| o |o Q
Parts locator

Part | Location Description Part | Location Description

R1 B2 18R % Watt, 1% metal film resistor R22 D6 5K1 Y% Watt, 1% metal film resistor
R2 B2 18R % Watt, 1% metal film resistor R23 B6 2K2 % Watt, 1% metal film resistor
R3 E3 1K6 ' Watt, 1% metal film resistor Cl Dl 33uF 63V Electrolytic Capacitor
R4 E4 1K6 ' Watt, 1% metal film resistor C2 D2 33uF 63V Electrolytic Capacitor
R5 D3 2K4 ' Watt, 1% metal film resistor C3 E4 3300uF 10V non polarised

R6 C2 2K4 ', Watt, 1% metal film resistor C4 C5 100uF 25V Electrolytic Capacitor
R7 C3 2K4 ' Watt, 1% metal film resistor C5 D4 100uF 25V Electrolytic Capacitor
RS Cl 6K8 Y Watt, 1% metal film resistor Co Bl 120uF 25V Electrolytic Capacitor
RO Cl1 6K8 2 Watt, 1% metal film resistor C7 ES 220nF

R10 El 120R ' Watt, 1% metal film resistor C8 D5 220nF

R11 E3 10R ', Watt, 1% metal film resistor C9 D5 220nF

R12 B4 22R ' Watt, 1% metal film resistor C10 A2 100pF Ceramic Capacitor

R13 C3 22R ' Watt, 1% metal film resistor Cl1 Al 100pF Ceramic Capacitor

R14 F5 5K1 % Watt, 1% metal film resistor D1 C4 1N4148 Diode

R15 E5 2K % Watt, 1% metal film resistor D2 C4 1N4148 Diode

R16 D5 36K Y2 Watt, 1% metal film resistor D3 C3 1N4148 Diode

R17 D6 10K % Watt, 1% metal film resistor D4 C3 1N4148 Diode

RI18 D6 10K % Watt, 1% metal film resistor IC1 C5 INA217, THAT1512 or SSM2017
R19 B7 22R % Watt, 1% metal film resistor 1C2 C6 NJIM4558 or equivalent, Op-amp
R20 B6 22R Y2 Watt, 1% metal film resistor VRI1 F4 10K 'C, taper (reverse log)

R21 B6 2K2 % Watt, 1% metal film resistor
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Parts list

QTY | Reference Description Notes

2 Cl,C2 33uF 63V Electrolytic Capacitor

1 C3 3300uF 10V non-polarised Capacitor

2 C4,C5 100uF 25V Electrolytic Capacitor

1 Coé 120uF 63V Electrolytic Capacitor

3 C7, C8, C9 220nF

2 C10, C11 100pF Ceramic Capacitor

4 D1,D2,D3,D4 | 1N4148 Diode

1 IC1 INA217, THATI1512 or SSM2017

1 IC2 NJM4558 or equivalent, Op-amp

1 R11 10R ' Watt, 1% metal film resistor

2 R1,R2 18R Y Watt, 1% metal film resistor

2 |RI2RI13,R19,R20 |1 22R  '5» Watt, 1% metal film resistor

1 R10 120R % Watt, 1% metal film resistor

2 R3, R4 1K6 % Watt, 1% metal film resistor

1 R15 2K Y5 Watt, 1% metal film resistor

2 R21,R23 2K2 % Watt, 1% metal film resistor

3 R5,R6,R7 |2K4 V5 Watt, 1% metal film resistor

2 R14, R22 5K1 Y Watt, 1% metal film resistor

3 R8&, R9 6K8 ¥ Watt, 1% metal film resistor

2 R17,R18 10K % Watt, 1% metal film resistor

1 R16 36K % Watt, 1% metal film resistor

2 SWI1,SW3  |SPDT Right angle PCB mount switch

1 Sw2 DPDT Right angle PCB mount switch

1 VRI1 10KC (reverse Log) 16mm Potentiometer
Hardware

QTY Description Notes
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Variable — High gain

low distortion

low noise (see high gain)

High Common mode rejection (and balanced)
flat frequency response

Grounding and the 'pin 1' problem

Squirting noise into the Ground

Vu meter

Design considerations
Visible in sunlight

lower current draw

Peak Programme meter (PPM)
Peak indicator

VU ballistics
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