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The following document contains information on Cypress products. The document has the series
name, product name, and ordering part numbering with the prefix “MB”. However, Cypress will
offer these products to new and existing customers with the series name, product nhame, and
ordering part number with the prefix “CY”.

How to Check the Ordering Part Number

1. Goto www.cypress.com/pcn.

2. Enter the keyword (for example, ordering part number) in the SEARCH PCNS field and click
Apply.

3. Click the corresponding title from the search results.

4. Download the Affected Parts List file, which has details of all changes

For More Information
Please contact your local sales office for additional information about Cypress products and
solutions.

About Cypress

Cypress is the leader in advanced embedded system solutions for the world's most innovative
automotive, industrial, smart home appliances, consumer electronics and medical products.
Cypress' microcontrollers, analog ICs, wireless and USB-based connectivity solutions and reliable,
high-performance memories help engineers design differentiated products and get them to market
first. Cypress is committed to providing customers with the best support and development
resources on the planet enabling them to disrupt markets by creating new product categories in
record time. To learn more, go to www.cypress.com.
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FM3 Microcontroller Sound Output Using PWM

Associated Part Family: Refer to Section 2

This application note is for users, who are considering using the sound output by PWM in the Cypress
microcomputer FM3 family.

1 Introduction

This application note is for users, who are considering using the sound output by PWM in the Cypress microcomputer
FM3 family.

2 Target products

This application note is described about below products;

(TYPEQ)
Series Product Number (not included Package suffix)
MB9B500A MB9BF504NA,MBOBF505NA, MBIOBF506NA,
MB9BF504RA,MB9BF505RA, MBOBF506RA
MB9B500B MB9BF504NB,MB9BF505NB,MB9IBF506NB,
MB9BF504RB,MB9BF505RB,MBIBF506RB
MB9B400A MB9BF404NA,MBIBF405NA,MBIBF406NA,
MB9BF404RA,MBIBF405RA,MBIBF406RA
MB9B300A MB9BF304NA,MBIBF305NA,MBIBF306NA,
MB9BF304RA,MB9BF305RA,MBIBF306RA
MB9B300B MB9BF304NB,MB9BF305NB,MBIBF306NB,
MB9BF304RB,MB9BF305RB,MBIBF306RB
MB9B100A MB9BF102NA,MBIBF104NA,MBIBF105NA,MBOBF106NA,
MB9BF102RA,MB9BF104RA,MB9BF105RA, MBIBF106RA
(TYPEL)
Series Product Number (not included Package suffix)
MB9A310 MB9AF311L,MBIAF312L,MB9AF314L, MBIAF311M,MBIAF312M,
MB9AF314M,MB9AF315M,MBIAF316M,MBIAF311N,MBIAF312N,
MB9AF314N,MB9AF315N,MBIAF316N
MB9A310A MB9AF311LA MBOAF312LA,MBOAF314LA,MBIAF311MA,
MBYAF312MA,MB9AF314MA, MBIAF315MA, MBOAF316MA,
MB9AF311NA,MBIAF312NA,MBIAF314NA, MBIAF315NA MBOAF316NA
MB9A110 MB9AF111L,MB9AF112L,MB9AF114L,MB9AF111M,MBYAF112M,
MB9AF114M,MB9AF115M,MBIAF116M,MBIAF111N,MBIAF112N,
MB9AF114N,MB9AF115N,MB9AF116N
MB9A110A MB9AF111LA,MB9AF112LA,MBIAF114LA MBOAF111MA, MBIAF112MA,
MB9AF114MA,MB9AF115MA,MB9AF116MA, MBOAF111NA, MBOAF112NA,
MB9AF114NA,MBIAF115NA,MBIAF116NA

(TYPE2)
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Series Product Number (not included Package suffix)
MB9BD10T MB9BFD16S,MB9BFD17S,MB9BFD18S,
MB9BFD16T,MB9BFD17T,MB9BFD18T
MB9B610T MB9BF616S,MB9BF617S,MB9BF618S,
MB9BF616T,MB9BF617T,MB9BF618T
MB9B510T MB9BF516S,MB9BF517S,MB9BF518S,
MB9BF516T,MB9BF517T,MB9BF518T
MB9B410T MB9BF416S,MB9BF417S,MB9BF418S,
MB9BF416T,MB9BF417T,MB9BF418T
MB9B310T MB9BF316S,MB9BF317S,MB9BF318S,
MB9BF316T,MB9BF317T,MB9BF318T
MB9B210T MB9BF216S,MB9BF217S,MB9BF218S,
MB9BF216T,MB9BF217T,MB9BF218T
MB9B110T MB9BF116S,MB9BF117S,MB9BF118S,
MB9BF116T,MB9BF117T,MB9BF118T
(TYPE3)
Series Product Number (not included Package suffix)
MB9A130L MB9AF131K,MB9AF132K,MBOAF131L,MBIAF132L
MB9YA130LA MB9AF131KA,MB9AF132KA,MBOAF131LA,MBIAF132LA
(TYPE4)
Series Product Number (not included Package suffix)
MB9B510R MB9BF512N,MB9BF514N,MB9BF515N,MBOBF516N,
MB9BF512R,MB9BF514R,MB9BF515R,MBOBF516R
MB9B410R MBO9BF412N,MB9BF414N,MB9BF415N,MBOBF416N,
MB9BF412R,MB9BF414R,MB9BF415R,MBOBF416R
MB9B310R MB9BF312N,MB9BF314N,MB9BF315N,MBOBF316N,
MB9BF312R,MB9BF314R,MB9BF315R,MBOBF316R
MB9B110R MB9BF112N,MB9BF114N,MB9BF115N,MB9BF116N,
MB9BF112R,MB9BF114R,MB9BF115R,MBOBF116R
(TYPES)
Series Product Number (not included Package suffix)
MBYA310K MB9AF311K,MB9AF312K
MB9YA110K MB9AF111K,MBOAF112K

Www.Cypress.com
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(TYPESG)
Series Product Number (not included Package suffix)

MB9AB40N MB9AFB41L,MB9AFB42L,MB9AFB44L,MBO9AFB41M,MBO9AFB42M,
MB9AFB44M,MB9AFB41N,MB9AFB42N,MB9AFB44N

MB9AB40NA MBOAFB41LA MB9AFB42LA,MBO9AFB44LA MB9AFB41MA,MBOAFB42MA,
MB9AFB44MA,MBO9AFB41NA,MB9AFB42NA,MBO9AFB44NA

MB9AA40N MB9AFA41L,MBOAFA42L ,MBOAFA44L,MBOAFA41M,MBOAFA42M,
MB9AFA44M,MB9AFA41IN,MB9AFA42N,MBOAFA44N

MB9AA40NA MB9AFA41LA,MB9AFA42L A, MBOAFA44LA,MBO9AFA41MA,MBOAFA42MA,
MB9AFA44MA,MB9AFA41NA , MB9AFA42NA,MBOAFA44NA

MB9A340N MBY9AF341L,MB9AF342L,MB9AF344L,MB9AF341M,MB9AF342M,
MB9AF344M,MB9AF341N,MB9AF342N,MBOAF344N

MB9A340NA MB9AF341LA,MB9AF342LA,MB9AF344LA,MBOAF341MA,MB9AF342MA,

MBO9AF344MA ,MBOAF341NA,MBOAF342NA,MBOAF344NA

MB9A140N MBO9AF141L,MB9AF142L,MBO9AF144L,MB9AF141M,MBOAF142M,
MB9AF144M,MB9AF141N,MB9AF142N,MB9AF144N

MB9A140NA MBOAF141LA,MB9AF142LA,MBOAF144LA,MBOAF141MA ,MBOAF142MA,
MB9AF144MA ,MB9AF141NA,MBOAF142NA,MBOAF144NA

(TYPE7)
Series Product Number (not included Package suffix)
MB9YAA3ON MB9AFA31L,MBYAFA32L,
MB9AFA31M,MBOAFA32M,
MB9AFA31N,MBIAFA32N
MB9A130N MB9AF131M,MB9AF132M,
MB9AF131N,MB9AF132N

3 Usage Example of PWM Sound Output

The contents of the PWM sound output differ in each clock frequency, which controls PWM.

The relationship between the clock frequency, sound quality, and usage example is indicated in Figure 1

WWW.Cypress.com Document No. 002-04383 Rev.*B 3
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Figure 1 Sampling Frequency, Sound Quality, Data Capacity, and Usage Example
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4 Principle

This section explains the principle to output PCM data in PWM and to output the sound.

The PCM data included in WAV files etc. are expressed by numeral values such as 8 bits and 16 bits.

In addition, these numeral values are generated by sampling the sound data. The frequency of executing this

sampling is called a sampling frequency.

For example, if analog sound data is sampled for 8,000 times per second, the sampling frequency is 8 kHz.

In order for PWM to output the PCM data, set the PWM according to the bit number and the sampling frequency of

the PCM data.

Sound files such as a WAV file consist of (A) the section in which the data information is written, and (B) the section
in which actual data is written. For the bit number and the sampling frequency, see (A), and for the data itself, see (B).

For example, if the PCM data is

m  Sampling frequency : 8 kHz
m  Data bit number : 8 bit
= Data 1 0x12, 0x34, ...

acquire the PWM set values as follows

WWW.Cypress.com Document No. 002-04383 Rev.*B
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m  How to acquire the PWM set values
Set each set value as “a”, “b”, and “c” as indicated in Figure 2

Figure 2 Set values of PWM

A

|

o
—

a: PWM cycle
b: PWM duty
c: Period to output each data

“a” is the PWM cycle, and as this value decreases, the sound quality increases. As one example, set a value 1/16 or
less of the latter “c”.

When the sampling frequency is 8 kHz, the following expression is acquired.
7 a=(1/8k)/16 = 7.81X10°®

In addition, value “m” set to the FM3 PWM Cycle Set Register (PCSR) becomes

0 m=@lm-1
when the relationship between the PWM cycle “a@” is acquired in the following expression. (For details, see the FM3
peripheral manual.)
[ a=T(m+1l)ms
T: Count clock frequency
(= Reciprocal of the peripheral clock APB1. Reciprocal of the peripheral operation frequency in Table 1)
m: PWM Cycle Set Register (PCSR) value

“b” is the PWM duty. Acquire “b” by using the following expression and set.

[1 b0 =(0x12/0xFF) X a
bl = (0x34 / OXFF) X a
* 0x12 and 0x34 are examples of the PCM data
“c” is the period in which the same PCM data are output.

(Ex.) When the sampling frequency is 8 kHz: Set to 1/8000 sec.

By the above explanation contents, the PWM set value is determined. The waveform indicated in Figure 2 is output
from FM3. The circuit overview from FM3 to the speaker is indicated in Figure 3.
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Figure 3. Sound output circuit
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The waveform output from FM3 is the rectangular waveform of the digital signal. However, to output the sound from
the speaker, this rectangular waveform has to be converted to the analog signal.

The circuit to convert the waveform to the analog signal is the low-pass filter.

The images of the rectangular waveform output from FM3 and the waveform after passing through the low-pass filter
are indicated in Figure 4

The low-pass filter can be structured by the capacitor and the resistor. Review the suitable constant by the outputting
sound, and then set the constant.

Figure 4. Images of the PWM Output Waveform and the Waveform after passing through the Low-Pass Filter

Waveform passing through the low-pass filter

PWM waveform output from FM3
(rectangular waveform)
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5 Operation Check Conditions

The operation check environment for the contents described in this application note is indicated in Table 1

Table 1. Operation Check Environment

Integrated Development

IAR Embedded Workbench for ARM Ver.6.30.4

No. Item Content Remarks
1 Using microcontroller MB9AF132L
. Core: 20 MHz
2 Operating frequency .
Peripheral: 10 MHz
3 Operating voltage +3.3V
4 oS Not used
[IAR]

5 Environment [KEIL]
MDK-Lite Version 4.22a
6 Compile optimization None
6 Explanation of Sample Program

This section explains the sample program, which outputs sound by using the PWM output of FM3.

The control flow of the sound output by the PWM output of the sample program is indicated in Figure 5.

Control flow

Figure 5. Control Flow of Sound Output by PWM Output

Sound output by TIOA
||

Channel setting of the TIOA used

Amplifier shutdown function control (*)

1/0 port setting

PWM initialization

Software trigger setting (PWM output start)

PWM frequency, duty setting

Setting of duty calculated by the sound data

(Repetition of the number same as the number of data)

| Setting of period to output the same duty waveform

End of PWM output

(Execute the step marked with

(*) when necessary.)
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Sample Program

Set the PWM channel used. In this sample program,
it is set in the header file.

void sample_pwm(void)

{

PwmbDev_IOB *pwm);

int32 ti: Example where the sound output circuit amplifier
- has the shutdown function and where GPIO is
used for controlling. It is used to reduce power
while no sound is output or to prevent the output
of the unintended sound (noise).

uintlé_tj;

g

|~ pwm = &PwmDev[PWM_CH]; i

FM3_GPIO->PFR4 = FM3_GPIO->PFR4 | 0x0000;
FM3_GPIO->PDOR4 = FM3_GPIO->PDOR4 | 0x0000;
FM3_GPIO->DDR4 = FM3_GPIO->DDR4 | 0x0800;

Set the I/O port used in PWM. In this
example, TIOA2_1 is used.

| FM3_GPIO->PFR3 = FM3_GPIO->PFR3 | 0x00001000; /* Use P3C */
| FM3_GPIO->EPFR04 = FM3_GPIO->EPFR04 | 0x00080000; /* Use TIOA2_1 */
1

/* Initialized */

pwm->Init(); Set the PWM frequency and the duty. Input a value calculated in
“How to acquire the PWM set values.” Set the duty here if the
constant sound such as 1 kHz is to be always output. If the
sound, which is not constant, such as an announcement is

* *
I* Start */ output, set 0.

pwm->SetSWTrigger();
[* Set Period */

L SetDuty ™ ________
! j=0;j ] / The duty is changed for the number of sound data. Therefore,
| for(j=0;j<5724;j++) repeat with a “for” sentence. In this example, repetition for 5724

{ times is executed.

b m e m e \ data[ ] is an array of the sound data. In this sample program, 5724
______________________ data are <tored

1 1
| i
{ \ Outputs PWM of the set duty for the “c” value calculated in “How to

acquire the PWM set values.”

}
/* Uninitialized */

pwm->Unlnit();

7 Reference Documents

1. FM3 Family PERIPHERAL MANUAL Timer Part MN706-00022-1v0-E
(Please refer to the latest document.)
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safety of any application made of this information and any resulting product. Cypress products are not designed, intended, or authorized for use as
critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-support devices or
systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous substances
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