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A Dynamic Microphone

Soundcard Amplifier

A good tutorial on interfacing microphones to sound cards.

his microphone amplifier is de-
signed to interface the Shure
SM10A dynamic microphone
to a SoundBlaster card or other
computer microphone input with a 5V

through 2.2kQ bias to the microphone
the input and output, respectively. C4
. reduces power rail excursions.

connector ring. It enables speech recog-
nition veterans of DOS DragonDictate
to continue using the DragonDictate
microphone with Dragon Naturally-
Speaking.

PRINCIPLE OF OPERATION

In Fig. 1, the open circuit voltage gain is
provided by the grounded emitter stage

by a unity-voltage-gain emitter-follower
stage formed by Q2 and R4. R3 provides
negative feedback to better define the
gain, improve linearity, provide DC bias,
and reduce the output impedance.

C2 rolls off the open loop gain above
audio frequencies to prevent oscillation.
It also attenuates any radio frequencies
picked up (see “Effects of Nonlineari-
ties” section).

C1 and C3 provide DC isolation at

DC BIAS

Q1 base is one diode drop (about 0.6V)
above ground, drawing current from Q2
emitter through R3, across which there

- is a negligible DC voltage. Q2 base is
. therefore about 1.2V above ground.
formed by Q1 and R2. This is followed

Taking into account the 2.2kQ in the
soundcard between the ring and the 5V
supply, the ring settles at about 3.5V.

Open Loop Gain. The DC voltage

¢ across R2 is 3.5-1.2 = 1.3, so at room

temperature the voltage gain of the

grounded emitter stage is about 40 X
1.3=52.

Closed Loop Gain. The model for cal-
culating the closed-loop gain (Fig. 2)
contains:

+ An ideal amplifier of gain -A repre-
senting the gain of the grounded-emitter
stage with 4 = 52.

* 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 im-
pedance of the grounded-emitter stage.
This is B X the emitter impedance,
which is R2/A4. The lower bound on P is
270, giving a lower bound on z of 29kQ.
* Resistance y represents R3 (10k€2).

Analysis of this circuit gives the closed-
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loop gain as: -Ayz/xy + yz +
1+ A)zx

Substituting for 4, x, y, and z

<IRing gives a (negative) closed-loop
gain of 19.
R2
NONLINEARITIES
'—KQZ C3 The emitter impedance of a
R3 bipolar transistor is inversely

R4
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FIGURE 1: Amplifier schematic.
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proportional to the emitter
current. This results in two
sources of nonlinear gain:

1. The gain of the grounded-
emitter stage.

2. The output impedance of
the emitter follower, which
results in nonlinear gain de-
pending on how the output
is loaded.
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THE GROUNDED-EMITTER STAGE

The gain of a common emitter stage

is proportional to the emitter current

and therefore proportional to the volt-
age drop across R2. The gain when the
output signal is high is less than when
the 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 vary by almost 2%. However, the
negative feedback limits the variation of
the closed loop gain to about 0.7%.

FIGURE 2: Close-loop gain model.

. THE EMITTER-FOLLOWER STAGE

- The output impedance of the emit- :
ter-follower stage is inversely propor-
. tional to Q2 emitter current. With a
20mV signal, this can vary by about
- 6% around about 200Q. However, the
soundcard microphone input imped-
ance 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 addition, the nonlinear-

. ity is opposite to that of the grounded

emitter stage, so it subtracts from the
effect due to the grounded emitter
stage.

Capacitively loading the output can
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The SoundsStrobe’

FREQUENCY Hz

SPEAKER DIAGNOSTIC TOOL

. ADennis Golin Design (2005)

e

WAVEFORM AMPLITUDE - Vpp

OLD COLONY SOUND LAB KT-3.

) Produces six selectable spectrum shape pulse
signals to help you identify problems with your
speakers and their interactions with your listen-
ing room.

Quickly hear your speaker’s degree of image
focus, transient precision, and tonal neutrality.

A great product for DIY speaker builders who
want to tweak their designs and a must-have for
anyone installing loudspeakers professionally.
Check out Ed Simon’s review at
www.audioXpress.com

The Sound Strobe ™
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This assembled unit
comes in a durable
| plastic case

To find out more about The Sound Strobe ™ contact customer service by
calling 888-924-9465 or e-mail custserv@audioXpress.com.

was designed by Dennis Colin, currently working as

an Analog Circuit Design Consultant for microwave radios and a frequent

KT-3 Sound Strobe Kit

PCBT-3 Sound Strobe PC-board only

Old Colony Sound Laboratory, PO Box 876, Peterborough NH 03458-0876 USA 4
Toll-free: 888-924-9465 Phone: 603-924-9464 Fax: 603-924-9467 )
E-mail: custserv@audioXpress.com www.audioXpress.com

contributor to audioXpress magazine.

Available in kit or assembled versions
KT-3A Assembled Sound Strobe

$329.00 Sh.Wt. 6 Ibs.
$275.00 Sh.Wt. 4 Ibs.
$19.95 Sh.Wt. 1 Ib.

k0\.0":} -

audioXpress February 2008 23



introduce more nonlinear distortion.

However, a significant effect would re-
quire several nanofarads of capacitance,
much more than any likely parasitic.

EFFECTS 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% variation of gain introduces 0.15%
second harmonic distortion). 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 incon-
sequential, but it turns the amplifier into

¢ a radio receiver unless you take steps to

attenuate radio frequenciesl.

PHOTO 1: Amplifier in Radio Shack box.

MECHANICAL DESIGN
The printed circuit design is shown in
Fig. 3. You can use Radio Shack’s small-
est project box to house the amplifier.
It has a convenient stud in the middle
which provides a press-fit mount for a
0.1” pitch perforated board with one
hole drilled out to 5mm.

Drill holes for the cables in each end
with the box clamped tightly closed.

Hansen has uncovered the history of these mysterious tubes and pres-
ents the history of these rugged, highly reliable tubes made for the military
for use in guided missiles. An interesting story of one company's approach
to extremely high quality vacuum tube design. Also features a reprint of
Eric Barbour's 1996 article from Vacuum Tube Valley, “Red Bank: The Ulti-
mate Tube” which examines several models of Red Bank Tubes in detail.
2007, 8Y2" x 11] 100pp., softbound, ISBN 978-1-882580-50-7. Sh. wt. 1 Ib.

Io order call 1-888-924-9465 or visit www.audioXpress.com

Old Colony Sound Laboratory PO Box 876 Peterborough NH 03458-0876 USA
Phone: 603-924-9464 Fax: 603-924-9467

E-mail: custserv@audioXpress.com

by Charles Hansen
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c1 tantalum capacitor 10uF 16V
c2 ceramic capacitor 47nF 50V

C3  tantalum capacitor 10uF 16V

C4  tantalum capacitor 10uF 16V

R1 carbon film resistor 100Q2 0.25W

R2 carbon film resistor 5.6k 0.25W

R3 carbon film resistor 10kQ2 0.25W

R4 carbon film resistor 22kQ  0.25W

Q1 silicon NPN transistor NTE16
Q2 silicon NPN transistor NTE16

Then insert the board, cables attached,
into the open box (Photo 1), close the
box, and secure it with a single self-
tapping screw. The complete assembly
with cables and connectors is shown in
Photo 2.

FOOTNOTE

1. The first version of this amplifier
rolled off the loop gain using a capacitor

to the collector of Q1. When conditions
were right it happily picked up KGO at
810kHz AM, causing great confusion to
the speech recognition. aX
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