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In Focus | Audio/Video

Make your machines talk

< continued from page 1

tions outnumber the latter.
The main blocks of this system

include:

1. PWM output for digital to
analogue converter;

2. Memory to store the sound

les;

3. Audio ampli er for mono or
stereo application;

4. MCU;

5. User-friendly interface or input
from machine.

For an audio application, we
need a DAC or audio codec to
play the audio le. Audio codecs
have good quality sound output
with higher resolution as well
as other features such as sound
recording, integrated power
amplifiers and DSP functions
for bass-treble volume control.
These can be easily interfaced
to the MCU through a serial in-
terface bus.

To perform the DAC conver-
sions, the PWM technique can
be used as well. For example,
this technique is used for DC/AC
conversionsin inverters and UPS.
However, it should be noted that
for inverter/UPS applications, the
frequency generated by PWM is
very low (typically 50/60Hz, de-
pending on the mains frequency;,
and higher frequency is required
for sine wave inverters) as com-
pared to the frequency required
in audio applications. We can
use the same PWM technique for
sound generation for a low-cost
8bit MCU system.

The PWM output needs to be

Itered using a low-pass Iter so
that only the modulating signal
envelope (the audio signal) is
present and the high-frequency
carrier is rejected.

Memory selection

Memory must be interfaced to
the MCU for storing the required
sound les. There are many op-
tions available. For the audio
application, the transfer rate be-
tween MCU and memory needs
to be faster than the audio play-
back speed.

For example, if we choose an
8kHz sampling rate, 8bit mono as
the le format, it needs 64Kbits
(8kbyte) data transfer rate per
second. This is quite a small data
transfer rate between the MCU
and memory.

We can use parallel interfaced
memory or serial interface. Since
the cost needs to be kept low, us-
ing a parallel interfaced memaory
would mean more pin counts
required on the MCU side, which
could mean requiring a medium
cost MCU. In addition, using par-
allel memory would mean an
increased number of connections,
more PCB space and increased
costs.

flash memories. EEPROMs are
faster and useful when frequent
data recording is required. They
do not need any complex data
management as they are byte-
writable. This means that each
byte can be changed individually
without a ecting the other con-
tents in the memory. In terms of
capacity, EEPROMs are available
with up to IMbit capacity. If the
required audio duration is more,
it is better to use ash memories
such as serial flash M25P128,
which is a 128Mbit memory that
can store an audio le with 8bit
mono at 8kHz sampling rate for
more than 34min.

Flash memories cost lower
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Audio playback of pre-recorded les can be achieved by using low-cost
MCU and memory with a simple rmware algorithm.

Considering serial interfaced
memories, the maximum transfer
rate for an I°C interface available in
general purpose MCUs is 400kHz.
The actual throughput will be low-
er due to protocol requirements.
The SPl on the other hand is faster,
making it possible to achieve
much higher data transfer rates.
This could mean implementing
higher data sampling rates such as
11kHz or 22kHz with higher bits of
resolution (i.e. 16bit) and moving
to stereo implementations. In fact,
MCUs are available with built-in
serial memory interface (SMI),
which uses the SPI to interface
memory. The interface takes care
of issuing memory commands,
thus the firmware is free to do
other tasks.

Non-volatile memory options
available include EEPROM and
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than EEPROMSs and are available
in high capacities. For writing on

ash memory, unlike EEPROM, it
has to be ensured that the data
can be written on the pre-erased
memory segment only. The bits
can be changed from 1 to 0 but
not vice-versa. Thus, it becomes
important to erase the ash mem-
ories before writing.

The flash memory is gener-
ally divided into pages or sectors.
Depending on the ash memory,
the page or sector can be erased
through asingle command. Thus,
if only a part of the memory
needs to be changed by a write
operation, thenthe MCU rmware
needs to manage the unchanged
data. This can be done by reading
and temporarily storing in the
RAM before erasing the page
and proceeding with the write

operation. This can be complex, or
require lot of internal memory.

Foraudio playback, we need to
program the memory only once
during con guration or writing
forrequired sound les, hence, we
can erase the full memory or sec-
tors. We do only the read opera-
tion when playing the sound. This
eliminates the limitation of sector
erase and data management.

There is however an option
to use the 25PE series or 45PE
series of memories, which have
a Page Erase (PE) command (e.g.
M25PE16). Also, there is easy way
to modify data that is managed
by the internal controller of these
devices. Thus if data write is to be
done using MCUs, these devices
are very useful.

Selecting audio amps

The audio ampli eris required for
interfacing to the speakers. There
are numerous audio ampli erop-
tions available. For example, ste-
reo or mono playback required,
muting, standby option and
other advanced features. Also
volume control can be digital or
manual using the potentiometer.

There are mainly two types
of ampli ers available: Class AB
and Class D. For small applica-
tions, using class AB ampli ers is
good. These ampli ers have low
total harmonic distortion (THD)

gures. A THD gure of up to 3
percent is virtually inaudible to
the untrained human ear.

For the low-voltage range
(<5V) on which MCUs gener-
ally operate, power audio ampli-

ers are available for stereo head-
phones and speakers (up to 8W).
The main applications for these
audioampli ersare battery-pow-
ered or low-power devices.

Read the full article to learn
more about Class D amplifiers,
MCUs and much more.

0 =»
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GUI MCU target ‘smart’ control panel
apps

Chip improves caraudio amp performance
metrics
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Improve audio performance in portable designs

< continued from page 5

are separate because the digital
circuits can be very noisy due to
high-speed switching currents,
and the analogue circuits are very
sensitive to noise on the supplies.
An important point of audio
system design and layout is that
analogue supply pins should be
provided with a very “clean” sup-
ply with minimum ripple and tran-
sients. Any noise on the analogue
supply pins can corrupt the audio
I/0 signals in various ways.

Ina portable audio system, the
primary power source is usually a
battery. The battery can be very
noisy due to transients caused by
other parts of the system, includ-
ing wireless transceivers, storage
devices and displays. Instead of
using the battery voltage directly,
a good practice is to use a low-
dropout (LDO) regulator with
good power-supply rejection
ratio and low output noise. This
would provide the analogue sup-
ply voltage to the audio codec or
DAC, along with any other audio
signal-path devices such asampli-

ers, thus ensuring that a “clean”
supply is present for the analogue
circuitry.

LDO regulator

Care should be taken to select
an LDO regulator that has an
adequate current rating for the
circuitry being powered as well.
Proper decoupling capacitor us-
age on analogue supplies is also
important. Large decoupling
capacitors (10uF or greater) are
useful for Itering the supply
voltage. Smaller-value decou-
pling capacitors (1uF or smaller)
are also needed to supply fast
transient currents when the IC
calls for it.

Decoupling capacitors should
be placed as close to the ana-
logue supply pins as possible,
avoiding PCB vias between the
capacitor, and the supply and
ground connections if possible.
Smaller decoupling capacitors
should be placed closer to the
IC pins than larger capacitors, as
series resistance a ects response

times of smaller capacitors more
noticeably.

Digital power supplies in au-
dio converter ICs are much less
sensitive to noise than analogue
supplies, so the digital circuits can
be supplied withamore e cient
switched-mode power supply
(SMPS). SMPS usually has a higher
output riddle and noise, but its
80 percent e ciency and higher
yield significantly improve bat-
tery life. Often, large decoupling
capacitors are not necessary in
digital power supplies. However,
multiple smaller capacitors (i.e.
1uF and 1nF) should be used
to supply very high-frequency
switching currents in the digital
circuitry. Again, smaller-valued
decoupling capacitors should be
placed closer to the IC pins than
larger capacitors.

Good design practices
Another source of noise corrup-
tion in portable audio systems is
noise coupling into analogue I/O
signals. Noise-coupling mecha-
nisms can be inductive or capaci-
tive, but good system design and
PCB layout can minimise noise
coupling.

One practice that yields very
good noise immunity is using dif-
ferential signals wherever possible
inthe analogue audio signal path.
PCBtracesusedfordi erentialsig-
nals should be routed as parallel
pairs with matched impedance, so
that any noise will couple equally
(asa“common-mode”signal) into
bothsidesofthe di erential signal
path. The common-mode rejec-
tion property of the di erential
circuits used rejects any coupled
noise, which in turn, reduces the
noise heard by the user. Aithough
there are cases where di erential
signals cannot be used, they are
still very useful tools.

Another good system-design
practice is to use the highest pos-
sible voltage levels for signals that
travel across the PCB and are thus
susceptible to noise coupling. Itis
valid to assume that the magni-
tude of coupled noise does not in-
crease with the level of the signal
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being transmitted. So if noise level
stays constant and signal level
increases, the SNR will increase.
A higher SNR measurement indi-
cates a higher-performance audio
system. If a low-level signal is run
across a PCB, gain must be ap-
plied. This can increase the noise
along with the signal, reducing
overall system SNR. Amplifying a
low-level signal near its source is
a good practice.

Figure 1 shows an example
of this principle. A microphone
generates a 25mVp-p signal A(t),
which must go across a PCB and
be ampli ed to 1Vp-p for further
processing. The red box indicates
the trace travelling across the
board, which receives coupled
noise, indicated by the signal E(t).
In Case A, the signal is ampli ed
near the microphone before the
trace travels across the board and
noise is coupled. This results in a
system SNR of 60dB. In Case B, the

O Bias

1+ I——0o0ut+

{—COut-

Figure 2: Filtering the bias voltage
with resistors and capacitors near
the microphone is a good practice.

signal is ampli ed after the trace
travels across the board and noise
is coupled. This results in a system
SNR of only 28dB and illustrates
the difference in performance
realized by good system design.

For signals that cannot be
ampli ed near the source due to
system cost or size constraints, re-
ducing the PCB trace length to the
minimum possible is critical. Short
PCB traces are less susceptible to
noise coupling by capacitive and
inductive mechanisms.

A naltype ofsignal thatshould
be carefully designed in systems
with built-in microphones is the
microphone bias circuitry. Most of

the electret capsule microphones
(ECM) used in portable audio sys-
tems require a bias voltage in the
2-3Vrange. Often, the bias voltage
is provided by an IC located away
from microphone. In this case, the
bias voltage picks up noise on its
way to the microphone capsule.
This noise couples directly into
the microphone output. In this
face, Itering the biasvoltage with
resistors and capacitors near the
microphone is a good practice.
Figure 2 shows a microphone
circuit design with a pseudo-dif-
ferential connection and RC  Iter
to attenuate noise from the bias
voltage.

Transducer factor

All audio systems need some
type of transducer so that users
can hear the audio produced.
In most systems, a headphone
output is present. Some systems
include a built-in speaker or out-
puts to drive external speakers.
Because headphones (>16Q)
and speakers (> 4Q) can require
high-power signals, minimizing
the impedance of the circuit
traces associated with these
transducers is critical. If PCB
traces have unnecessarily high
resistance, power can be lost in
the PCB traces and not delivered
to the transducer. This results in
loss of audio quality, reduced
battery life and unnecessary heat
build-up in the system. Making
speaker and headphone traces
as wide and as short as possible
will reduce the impedance and
minimise the negative e ects
mentioned.

When the recommendations
discussed are followed, good
quality audio can be achieved in
a low-cost, low-power portable
audio system,

Read the full article for a sum-
mary of the design practices
needed for good audio design.

Online O =»

Class AB amps retain place in audio
design
Wireless audio design made simple
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