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Dynamic Microphone

Soundecard Amplifier

This mike amp design expands computer and

By Paul Loewenstein speech recognition capabilities.

his microphone amplifier is de- | phone with Dragon NaturallySpeaking. : the grounded emitter stage formed by

signed to interface the Shure
SM10A dynamic microphone

to a SoundBlaster card or other

computer microphone input with a 5V

PRINCIPLE OF OPERATION

Referring to the schematic in Fig. 1, the

- Q1 and R2. This is followed by a unity-
. voltage-gain emitter-follower stage
: formed by Q2 and R4. R3 provides neg-
open circuit voltage gain is provided by

ative feedback to better define the gain,

through 2.2kQ bias to the microphone
connector ring. It enables speech recog-
nition veterans of DOS DragonDictate to

FIGURE 1: Amplifier schematic.

continue using the DragonDictate micro- <Ring
PHOTO 1: Amplifier in Radio R
Shack box.
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improve linearity, provide DC bias, and
reduce the output impedance.

Nonlinearities” section).

B is 270, giving a lower bound on z of

: 29KkQ.

C2 rolls off the open-loop gain above
audio frequencies to prevent oscilla-
tion. It also attenuates any radio fre-
quencies picked up (see “Effects of

C1 and C3 provide DC isolation at
the input and output, respectively. C4
. a (negative) closed-loop gain of 19.

NONLINEARITIES
Q1 base is one diode drop (about 0.6V)

reduces power rail excursions.
DC BIAS

above ground, drawing current from Q2
emitter through R3, across which there
is a negligible DC voltage. Q2 base is
Taking into account the 2.2kQ in the

supply, the ring settles at about 3.5V.
OPEN-LOOP GAIN

1.3, so at room temperature the voltage
gain of the grounded emitter stage is
about 40 x 1.3 = 52.

CLOSED-LOOP GAIN

¢ Resistance y represents R3 (10kQ).

Analysis of this circuit gives the !

closed-loop gain as:

-Ayz
xy+yz+(1+A)zx

Substituting in for A, x, y, and z gives

The emitter impedance of a bipolar
transistor is inversely proportional to
. the emitter current. This results in two |

. sources of nonlinear gain:
therefore about 1.2V above ground. .
. stage.
soundcard between the ring and the 5V

1. The gain of the grounded-emitter

. loaded.
The DC voltage across R2 is 3.5 - 1.2 =
- THE GROUNDED-EMITTER STAGE

. The gain of a common emitter stage is
.~ proportional to the emitter current and
. therefore proportional to the voltage
.~ drop across R2. The gain when the out-

The model for calculating the closed- -

loop gain is shown in Fig. 2. It com-
prises:

senting the gain of the grounded-emit-

ter stage with A = 52.

e Resistance x representing R1 in
series with the microphone impedance; |
the impedance of an SM10A is 223Q, so

x = 323Q.

* Resistance z represents the input
impedance of the grounded-emitter
stage. This is B x the emitter imped-
ance, which is #2. The lower bound on

FIGURE 3: Printed circuit layout.

put signal is high is less than when the

| FIGURE 2: Closed-loop gain
model.

¢ An ideal amplifier of gain -A repre-

AE-2526-02

2 The output impedance of the emit-
. ter follower, which results in nonlinear |
¢ gain depending on how the output is

DSP Knowledge...Optional !

Signal Wizard Il

Want to create DSP crossovers & EQ
without the learning curve?

With Signal Wizard you can !

Just specify your filter in the PC software, click
to load DSP code into hardware, and then
select the filter!

Designers appreciate the ease of changing fil-
ters on the fly!

- FIR, lIR and adaptive filters.

- Butterworth, Chebshev, LP-Brickwall.
- Low/high pass, bandpass/bandstop pole-
zero placement.

- Spectrum analyzer and oscilloscope.

- Frequency response import (text file)
allows precise loudspeaker equalization.

- Channel gain, mixing and inversion.

- Variable delay for precise LS alignment.

- Flash memory for standalone operation.
- Transparent audio - 24bit, 107dB SNR,
range of sampling rates -4-48KHz

- High performance Freescale 56309 DSP

Applications:

- Loudspeaker crossover, equalization
and room correction

- Acoustics research and development

- Sensor conditioning, and more...

Signal Wizard can equalize your

loudspeaker!
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¢ output signal is low. Assuming a 1mV
signal from the microphone, the signal
is about 20mV at Q1 collector, which
. means that the open-loop gain can devi-
ate by almost 2%. However, the nega-
tive feedback limits the deviation of the
closed-loop gain to about 0.7%.

THE EMITTER-FOLLOWER STAGE

The output impedance of the emitter-
follower stage is inversely proportional
to Q2 emitter current. With a 20mV sig-
nal, this can vary by about 6% around
about 200Q2. However, the soundcard
microphone input impedance is about
© 2.2kQ, so the effect on open-loop gain
. is only about 0.3%. The effect on closed-
. loop gain is only about 0.1%. In addi-
. tion, the nonlinearity is in the opposite
sense to that of the grounded emitter
stage, so it subtracts from the effect
due to the grounded emitter stage.

Capacitively loading the output can

. introduce more nonlinear distortion.
. However, a significant effect would
require several nanofarads of capaci-
tance, much more than any likely para-
sitic.

EFFECT OF NONLINEARITIES

For variation of gain as a function of
signal level introduces two components
. to the signal:

1. Frequencies double that of the

original (0.6% deviation of gain intro-
duces 0.3% second harmonic distor-
tion). Given the high harmonic content
of human speech, this is unlikely to
adversely affect speech recognition.

2. A DC offset proportional to the

signal level. At first sight this may
seem inconsequential, but it turns
the amplifier into a radio receiver un-

Parts List

C1 Tantalum capacitor 10uF 16V
Cc2 Ceramic capacitor 47nF 50V
Cc3 Tantalum capacitor 10uF 16V
Cc4 Tantalum capacitor 10uF 16V

R1 Carbon film resistor 100Q2 0.26W
R2 Carbon film resistor 5.6k 0.26W
R3 Carbon film resistor 10kQ 0.25W
R4 Carbon film resistor 2.2kQ 0.25W
Q1  Silicon NPN transistor ~ NTE16
Q@2  Silicon NPN transistor ~ NTE16




less steps are taken to attenuate radio

frequencies!.

MECHANICAL DESIGN

The printed circuit design is shown in

Fig. 3.

To house the amplifier, you can use
RadioShack’s Mini Project Enclosure,
part number 270-288, which has a con-
venient stud in the middle, providing
a pressfit mount for a 0.1” pitch perfo-
rated board with one hole drilled out to

Smm.

Holes for the cables are drilled in
each end with the box clamped tightly |
closed. The board is then inserted, ca-
bles attached, into the open box (Photo
1). The box is then closed and secured
with a single self-tapping screw. The
complete assembly with cables and con-

nectors is shown in Photo 2. aX
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Paul Loewenstein received a BA in 1971
from the University of Cambridge, an
MA in 1974, and a Ph.D in 1994. His
early career at Schlumberger in the UK
and France involved analog systems |
from high-frequency IC amplifiers, vi-
brations of thin shells, and transients
on high-voltage power lines. His pro-
fessional activity has been purely digi-
tal since his move to the US in 1981,
working for Schlumberger, National
Semiconductor, Mitsubishi, and Sun

Microsystems.

REFERENCE

1. The first version of this amplifier
rolled off the loop gain using a ca-
pacitor to the collector of Q1. When
conditions were right it happily picked
up KGO at 810kHz AM, causing great
confusion to the speech recognition.

Upgrade every component in your system without replacing any!

Make equipment you already own sound better! MANA ACOUSTICS Equipment Supports are revered for
making dramatic improvements to turntables, CD players, tuners, tape decks, preamps, power amps, power
supplies, speakers, DVD players, VCRs, even TVs! Just think... one multi-tier rack effectively upgrades
each component you put on it. And it doesn't end there - MANA Supports are upgradable; each new level
adds to the “MANA Effect.” So stack 'em up, and believe your ears... the sound just gets better and better.

[ ———

“The Mana stands are less an improve-
ment in a system than a whole new system...
I cannot recommend the Mana Acoustics
Equipment Supports more strongly. They're
a great investment themselves and a sure
way to increase the value of the investment
you've already made.” -Steve Sullivan, FI

“I don't know of anything priced close
to the [Mana Acoustics | Reference Table
that could have improved my sysiem so
much,” -Rob Doorack, LISTENER

BEST BUY Award -HI-FI CHOICE
dkkdk —WHAT HI=FI?

“Mana makes an important
difference to the performance
of a turntable but makes an
equally big improvement to
any component. The Mana
Equipment table is not just
good, it's fundamentally necessary Flat Earth Audio sells Mana Acoustics Equipment Supports direct to
the public. Call toll-free:

Sor good sound... if vou don't put

Mana at the head of your shopping | 888-653-5454 F I_AT =

list you will never hear the true : v A . &

potential of your hi-fi system.” ;l;i[ ggg-ggg.g;gg E r?ﬁ:LIE_)!O - =
IMPORTERS

~Alan Sircom, HI-FI CHOICE www.flatearthaudio.com

Accuracy, Stability, Repeatability

Will your microphones be accurate tomorrow?

Next Week? Next Year? Afier baking them in the car???
ACO Pacific Microphones will!
Manufacturered to meet IEC, ANSI and ASA standards.
Stainless and Titanium Diaphragms, Quartz insulators

Aged at 150°C.
Try that with a “calibrated”consumer electret mic!

ACO Pacific, Inc.
2604 Read Ave., Belmont, CA 94002

Tel: (650) 595-8588 FAX: (650) 591-2891 e-mail acopaci@acopacific.com

ACOustics Begins With ACO™
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