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UNLOCKING AUDIO
ON THE STM32F4
DISCOVERY BOARD
WITH KEIL AND
THE ON-BOARD
CODEC

T h e  S T M 3 2 F 4
Discovery  board  is  a
popular  and  powerful
platform for embedded
development,  offering
a  r i c h  s e t  o f
per iphera l s  a t  an
accessible  price  point.
A m o n g  i t s  m o s t
exciting features is the
in teg ra ted  aud io
codec,  the  CS43L22,

which opens up a world
of  possibi l i t ies  for
sound  generation,
p l a y b a c k ,  a n d
p r o c e s s i n g .  F o r
developers  working  in
t h e  K e i l  M D K
environment,  getting
started with this codec
can  in i t ia l ly  seem
complex.  This  article
p r o v i d e s  a
comprehensive  guide
to  understanding  and
utilizing  the  Stm 32f4
Discovery Keil Example
C o d e  C o d e c
ecosystem,  breaking
down the essentials for
beginners  and  offering
i n s i g h t s  f o r
experienced  engineers
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alike. By the end, you
w i l l  h a v e  a  c l e a r
r o a d m a p  f o r
implementing  audio
p r o j e c t s  o n  t h i s
v e r s a t i l e
microcontroller.
This  guide  focuses  on
practical  application,
walking  through  the
h a r d w a r e  s e t u p ,
software  configuration,
and  the  critical  code
examples  that  bring
the  codec  to  life.  We
will  explore how Keil's
robust  development
too ls  s impl i fy  the
process  of  initializing
the  codec,  managing
audio  data  streams,
and  troubleshooting
c o m m o n  i s s u e s .
W h e t h e r  y o u  a r e
building a simple audio
player,  a  synthesizer,
or  a  voice  processing
system, mastering the
Stm  32f4  Discovery
Kei l  Example  Code
Codec workflow is your
first  step  toward

success.

Understa
nding the
STM32F4
Discovery
Audio
Hardware
Before  div ing  into
code, it is essential to
u n d e r s t a n d  t h e
hardware  a t  your
d i s p o s a l .  T h e
S T M 3 2 F 4 0 7 V G T 6
microcontroller  on  the
D i s c o v e r y  b o a r d
communicates with the
CS43L22  audio  codec
via  the  I2C  and  I2S
(Inter-IC Sound) buses.
The I2C bus is used for
configuration,  allowing
you  to  set  volume,
sample rate, and other
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codec  parameters
through register writes.
The  I2S  bus  handles
the  actual  audio  data
stream,  transmitting
digital  audio  samples
b e t w e e n  t h e
microcontroller and the
codec.
The CS43L22 is a high-
quality,  low-power
s t e r e o  D A C  t h a t
supports a wide range
of  sample  rates  and
d a t a  f o r m a t s .  I t
includes  a  bui l t - in
headphone  amplifier,
mak ing  i t  easy  to
connect headphones or
speakers directly to the
board.  The codec also
features a digital signal
processing  (DSP)  core
for  imp lement ing
effects  like  bass  boost
and  treble  control.
When working with the
Stm  32f4  Discovery
Kei l  Example  Code
Codec, you will need to
configure  both  the  I2C
and I2S peripherals on

the  STM32F4  side  to
match  the  codec's
requirements.
K e y  h a r d w a r e
connections  to  note
include  the  I2C  lines
(PB6 for  SCL and PB9
for  SDA)  and  the  I2S
lines  (PC3  for  I2S_SD,
PC6 for I2S_CK, PC7 for
I2S_WS,  and  PB10  for
I2S_MCK).  The  master
clock (MCLK) is crucial
for  generating  the
internal clocks needed
by  the  codec  and  is
typically  sourced  from
the  microcontroller's
I 2 S  p e r i p h e r a l .
Understanding  these
pin assignments is vital
when  reviewing  any
Stm  32f4  Discovery
Kei l  Example  Code
Codec  project.

Setting
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Up Keil
MDK for
STM32F4
Discovery
Develop

ment
K e i l  M D K
( M i c r o c o n t r o l l e r
Development  Kit)  is  a
comprehensive IDE for
A R M - b a s e d
microcontrollers.  To
begin working with the
Stm  32f4  Discovery
Kei l  Example  Code
Codec, you need to set
up  a  project  properly.
Start by creating a new
project  in  Keil  uVision
and  se lect ing  the
STM32F407VG  device.
Ensure  you  have  the
necessary  dev ice
family  pack  installed,

which  includes  the
s t a r t u p  c o d e ,
peripheral drivers, and
C M S I S  ( C o r t e x
M i c r o c o n t r o l l e r
Software  Interface
Standard)  files.
Once  the  project  is
created,  you  must
configure  the  clock
system.  The  STM32F4
Discovery  typically
uses an 8 MHz external
crystal  oscillator (HSE)
w h i c h  c a n  b e
multiplied by the PLL to
achieve a system clock
of up to 168 MHz. For
audio applications, it is
critical  to  ensure  that
the I2S clock is derived
from a precise  source
to  avoid  j i t ter  and
sample  rate  errors.
M a n y  S t m  3 2 f 4
Discovery Keil Example
Code  Codec  projects
u s e  t h e  P L L  t o
generate  a  48  kHz
sample  rate,  which  is
standard  for  high-
quality  audio.
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Next, you will need to
add  the  necessary
source  files  to  your
p r o j e c t .
STMic roe lec t ron ics
provides  a  hardware
abstraction layer (HAL)
and  a  low-layer  (LL)
API.  For  audio  codec
c o n t r o l ,  t h e  H A L
includes  convenient
functions for initializing
t h e  I 2 S  a n d  I 2 C
peripherals.  You  can
also  use  the  CubeMX
t o o l  t o  g e n e r a t e
initialization code. The
key  is  to  include  the
correct  header  files  for
the  CS43L22  codec,
which  define  the
register addresses and
control  sequences.
Exploring  an  existing
Stm  32f4  Discovery
Kei l  Example  Code
Codec project can save
you  considerable  time
by  providing  a  tested
starting point.

Deconstr
ucting
the Core
Codec
Initializati
on
Sequence
The heart  of  any Stm
32f4  Discovery  Keil
Example  Code  Codec
implementation  is  the
initialization  sequence.
T h i s  s e q u e n c e
configures  both  the
m i c r o c o n t r o l l e r ' s
peripherals  and  the
codec  i t se l f .  The
process  typ ica l ly
follows these steps:

GPIO
Configuration:
Set up the pins
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for I2C and I2S
functions using
the alternate
function mode.
This step ensures
the physical
connections are
ready for
communication.
I2C
Initialization:
Configure the I2C
peripheral with
the correct clock
speed (typically
100 kHz or 400
kHz) and slave
address for the
CS43L22 (0x4A
or 0x94
depending on the
write/read bit).
I2S
Initialization:
Set the I2S
peripheral to
master mode,
configure the
audio protocol
(I2S standard or
left-justified),
and set the

sample rate and
data format (16-
bit or 24-bit). The
master clock
output must be
enabled to drive
the codec.
Codec Power-
Up Sequence:
The CS43L22
requires a
specific power-up
sequence to
avoid audible
pops and clicks.
This includes
enabling the
internal
regulators,
waiting for the
power-on reset,
and then
enabling the DAC
and headphone
amplifier.
Codec
Configuration:
Write to the
codec registers
to set volume,
mute status,
interface format,
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and any DSP
features. This is
done via the I2C
bus.

A  well-structured  Stm
32f4  Discovery  Keil
Example  Code  Codec
project will break these
s t e p s  i n t o  c l e a r
funct ions,  such  as
Audio_Codec_In i t ( ) ,
I 2 S _ I n i t ( ) ,  a n d
Codec_WriteRegister().
E x a m i n i n g  s u c h
example  code  reveals
the precise timing and
r e g i s t e r  v a l u e s
required. For instance,
the  codec's  register
0x02  contro ls  the
power  control,  and
writing a value of 0x9E
enables  all  internal
blocks.  Understanding
these  low-level  details
e m p o w e r s  y o u  t o
customize  the  audio
behavior.

Playing
Audio:
Transmitt
ing Data
to the
Codec
Once  the  codec  i s
i n i t i a l i z e d  a n d
configured,  playing
audio involves sending
digital  samples  over
the I2S bus. In a typical
Stm  32f4  Discovery
Kei l  Example  Code
Codec  scenario,  audio
d a t a  i s  s t o r e d  i n
memory, either in flash
(for  short  clips)  or  in
externa l  RAM  ( for
longer  files).  The  I2S
per iphera l  can  be
configured  to  use  DMA
( D i r e c t  M e m o r y
Access)  for  efficient
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data  transfer,  freeing
the  CPU  fo r  o the r
tasks.
The DMA is  set  up in
c i rcu la r  mode  fo r
continuous playback. A
buffer  is  filled  with
audio samples, and the
DMA  transfers  these
samples  to  the  I2S
data  register  one  by
one.  Each  time  the
DMA completes a half-
transfer or full-transfer,
an  interrupt  can  be
triggered  to  refill  the
buffer.  This  double-
buffering  technique  is
standard  in  real-time
audio  systems.  When
looking at a Stm 32f4
Discovery Keil Example
Code  Codec  project,
pay close attention to
h o w  t h e  D M A  i s
configured:  the  source
address  points  to  the
audio  buffer,  the
destination  address  is
the  I2S  data  register,
and the transfer size is
t h e  n u m b e r  o f

samples.
The audio data format
must match the codec
configuration.  For  a
standard  16-bit  stereo
I2S stream, each frame
cons i s t s  o f  a  l e f t
c h a n n e l  s a m p l e
followed  by  a  right
channel  sample.  The
I 2 S  p e r i p h e r a l
automatically  handles
the  serialization  of
these  frames.  If  you
are  working  with  raw
PCM  data,  you  must
ensure  i t  i s  in  the
correct byte order and
format. Many Stm 32f4
Discovery Keil Example
Code  Codec  examples
i n c l u d e  a  u t i l i t y
function  to  convert
audio  data  between
formats ,  wh ich  i s
i n v a l u a b l e  w h e n
integrating audio from
different sources.
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Common
Challenge
s and
Troublesh
ooting

Tips
Even with a solid Stm
32f4  Discovery  Keil
Example  Code  Codec
project as a reference,
you  may  encounter
issues. Audio problems
often  manifest  as  no
sound, distorted sound,
or  erratic  behavior.
Here  a re  common
pitfal ls  and  how  to
address  them:

No Sound:
Verify that the
codec is powered
and the
headphone jack

is properly
connected.
Check the I2C
communication
by reading back
a register from
the codec. If the
read fails,
inspect your I2C
pin connections
and timing. Also,
ensure the I2S
master clock is
active and at the
correct
frequency.
Distorted
Audio: Distortion
often results
from sample rate
mismatches or
incorrect data
formats. Confirm
that the I2S clock
settings produce
the exact sample
rate required.
Additionally,
check that the
audio data sent
to the codec is
within the
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expected voltage
range. Saturation
of the digital
signal or
improper gain
settings can
cause clipping.
Clicking or
Popping: These
artifacts are
usually due to
improper power-
up or power-
down sequences.
The CS43L22
data sheet
specifies a
precise sequence
for enabling and
disabling the
output stages.
Always follow the
recommended
sequence in your
Stm 32f4
Discovery Keil
Example Code
Codec
implementation.
DMA Transfer
Issues: If audio
stutters or stops,

inspect the DMA
configuration.
Ensure the buffer
size is
appropriate, the
DMA priority is
set correctly, and
the interrupt
handlers are not
blocking other
essential tasks.
Use the
debugger to
monitor DMA
transfer counts
and flags.

Debugg ing  aud io
s y s t e m s  c a n  b e
challenging  because
the  issues  are  often
subtle.  Using  a  logic
analyzer to capture the
I2C and I2S signals can
provide  invaluable
i n s i g h t .  M a n y
developers also rely on
the serial port to print
debug  messages  from
the  microcontroller.  A
r o b u s t  S t m  3 2 f 4
Discovery Keil Example
Code  Codec  project
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includes  diagnostic
output  to  help  you
verify each step of the
in i t ia l i zat ion  and
playback  process.

Optimizin
g
Performa
nce and
Audio
Quality
Once you have a basic
Stm  32f4  Discovery
Kei l  Example  Code
Codec  setup  working,
y o u  c a n  f o c u s  o n
optimization.  Audio
quality  and  system
p e r f o r m a n c e  a r e
directly  influenced  by
buffer  management,

interrupt handling, and
clock  accuracy.  Here
are  several  strategies
t o  e n h a n c e  y o u r
project:
Buffer  Sizing:  The
s ize  of  your  audio
buffer  affects  latency
and CPU load. A larger
buffer  reduces
interrupt frequency but
increases  latency.  For
real-time  applications
l ike  synthesizers,
smaller  buffers  are
preferred.  For  simple
p l a y b a c k ,  l a r g e r
buffers  are  acceptable
and  reduce  overhead.
Experiment  with  buffer
sizes  to  find  the  right
b a l a n c e  f o r  y o u r
application.
I n t e r r u p t
Prioritization:  Audio
interrupts  must  be
handled  promptly  to
avoid  underruns.  Set
the  I


