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1 Introduction

This application note introduces the MC9S12ZVL.32

device in ultrasonic sonar application, capable of
detecting an object as well as measuring the object

distance.

The MC9S12ZVL32 integrates a 16-bit microcontroller
built on proven S12 technology, an automotive voltage
regulator, a LIN interface, a VSUP module to sense

automotive battery voltage and an HVI pin.

The measured object distance is displayed in the
FreeMASTER tool. The on-board RGB LED color is
smoothly changed based on the actual object distance.
The application includes the RGB LED diagnostics as

well.

The AMMCLIB [6] functions are used for mathematical

operations.

Parts of this document is the AN4841SW.zip file
containing X-S12ZVL32-USLED hardware and

software files.
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Ultrasonic based measurement overview

2 Ultrasonic based measurement overview

An ultrasonic based measurement is a key part of applications dealing with non-contact object distance
measurement and object detection:

» Automotive safety systems
— Parking distance sensor
— BIlind spot detection
— Object detection

e Level measurement (e.g. fuel)

e Alarm systems

» Automatic door opener

* Electronic tape measures

* Robotics

2.1 Ultrasonic sensing principle
The ultrasonic waves are sounds of frequencies above 20 kHz, which can not be heard by humans.

The applied methodology is based on measuring the pulse reflection time [2]. The ultrasonic transducer

emits an ultrasonic wave pulse, see Figure 1. Once the pulse is emitted, the transducer becomes quite in

order to receive object echoes. When the wave pulse reaches an object, the reflected wave, called an echo,
is bounced back to the transducer.

Sender/ ]) |
Receiver | \
original wave'

Figure 1. Ultrasonic sensing principle [1]
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The object distance is calculated by the following formula:

Egn. 1

where:
* d— object distance [m]
* t— time delay between wave emission and echo reception [s]
e ¢ — ultrasonic sound velocity [m/s]
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Ultrasonic based measurement overview

Metal, wood, concrete, glass, rubber and paper objects reflect the majority of the ultrasonic waves back to
transducer. These objects can be easily detected. Cloth, cotton and wool absorb the majority of ultrasonic
waves, so it may be difficult to detect these objects [2].

2.2 Required compensation

The ultrasonic sound velocity is dependent on the air temperature, see Figure 2, for the following formula

[1]:
¢ = 331,3+0,606T Egn. 2

where:
e ¢ — ultrasonic sound velocity [m/s]
* T— air temperature [°C]

It is necessary to measure the air temperature to keep the object distance calculation precise enough.
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Figure 2. Sound velocity dependency on temperature in dry air [1]
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Ultrasonic based measurement overview

The strength of ultrasonic waves attenuates proportionally with object distance [2], see Figure 3. During
echo processing, the attenuation needs to be compensated for to properly detect the object echo.
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Figure 3. Ultrasonic waves strength attenuation with distance and wave frequency [2]
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2.3

Transducer

Ultrasonic based measurement overview

The transducer turns the electric pulses into mechanical vibration, and vice versa, using piezoelectric
ceramics [2]. The transducer’s sensitivity is the highest at the piezoelement resonant frequency. The
transducer’s pattern directivity allows detection of the object position in space. When the object hits the
transducer lobe, the echo is received. The transducer directivity can be sharpened by an attached horn, see

Figure 4.
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Figure 4. MA40S4R transducer receiver lobe variation with horn length and angle [2]

Transducers called “combined use types” integrate both an ultrasonic sender and receiver. These devices
are used in automotive applications for object detection, e.g. parking distance sensor, blind spot detection.
There are the sender and receiver transducers available separately, called “dual use types”, e.g. in alarm

systems and robotics.
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Ultrasonic sensing application

3 Ultrasonic sensing application

The Figure 5 shows the Ultrasonic sensing application block diagram. The green boxes represent modules
external to the MC9S12ZVL.32 MCU, the blue boxes are MCU modules and the light brown boxes
represent the software modules.
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TEMPSENSE +5V VREG LIN «
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Figure 5. Application block diagram

The ultrasonic sonar unit uses dual use type transducers MA40S4S and MA40S4R operating at 40 kHz,
see [3]. These transducers allow detection of an object at a distance of 20 cm to 4 m. The MA40S4S
ultrasonic sender is driven by the PWM?7 signal amplified by the burst signal generator. The object echo
signal is received by the MA40S4R receiver transducer and amplified by the programmable gain amplifier.
The band pass filter improves the echo signal to noise ratio.

The echo signal is sampled by the ADC module and processed in the digital domain. The echo signal
detection is based on the ADC sample value comparison with a preset threshold.

The object distance is calculated and averaged using the AMMCLIB [6] functions and visualized in the
FreeMASTER tool [5]. The measured object distance is compensated with temperature. The on-board
RGB LED color control is based on the actual object distance.

For a detailed description, see the following chapters.
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Ultrasonic sensing application

3.1  Scheduling

The Table 1 shows an application scheduling. The application is running in five time slots. The time slots
from 0 ms to 30 ms are used for ultrasonic signal transmission and reception. The slot starting at 30 ms

and ending at 60 ms is used for data processing, object distance calculation and visualization.

Table 1. Application scheduling

Echo signal Object RGD LED
. Burst Echo . 9 . ) Temperature control
Time [ms] . sampling and distance
generator receiver . . measurement and
processing calculation . .
diagnostics
0-0,135 ON - - - - -
0,135-1,135 - - - - - ON
1,135 - 30 - ON ON - - -
30 -59 - - - ON ON ON
59 - 60 - - - - ON ON

Note: Symbol “-” represents a module not operating.

Transducers MA40S4S and MA40S4R [3] allow measurement of a maximal distance of 4 m. An echo
reception minimal period, see Eqn. 1, is given by the measured maximal distance and sound velocity, see
Eqn. 2, at the minimal air temperature, T = -40°C:

c = 331,3?+o, 606T = 331, 324,24 = 307, 06? Eqn. 3
t:M:ﬂ:ZGms Eqgn. 4
307, 06?

Once the burst signal is transmitted, the echo receiver transducer is saturated for a 1ms period, see
Figure 6. The minimal measured distance using Eqgn. 1, calculated at maximal air temperature T = 85°C:

1,135ms x 382, 810

S _
= > = 21,8cm

_ txc
d= 2

Eqn. 5

The Figure 6 shows the ultrasonic burst signal (yellow colored) waveform and the transducer receiver
signal amplified by the PGA (blue colored) waveform. The PGA gain is changed proportionally with time,
i.e. with object distance. The pink colored waveform displays the PGA gain change on the waveform
signal edge.

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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Ultrasonic sensing application

In Figure 6 can be seen the object reflection at a distance of 2.2 m (blue colored waveform) at 25°C:

12, 8ms x 346, 45

- S _
5 = 5 = 2,2m Eqn. 6
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Figure 6. Signal overview
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3.2 Burst generator

Ultrasonic sensing application

The PWM module channel 7 generates the burst signal, see Figure 7, the pink colored signal.
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Figure 7. Burst signal
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The burst signal drives the ultrasonic burst circuitry to generate pulses with an amplitude of 20 Vpp, see
Figure 7, the yellow colored signal. The signal amplitude is given by the PWM signal duty cycle, set to
38%, and the L/C tank circuit ratio, see Figure 8. The MA40S4S ultrasonic transducer sender emits an

ultrasonic wave pulse into the air.
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Figure 8. Burst generator
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Ultrasonic sensing application

3.3

Echo receiver

When the ultrasonic wave hits the object, the echo is sent back to the MA40S4R transducer receiver, see
Figure 9. The echo signal is amplified using the Programmable Gain Amplifier (PGA) to compensate the
ultrasonic waves strength attenuation that is proportional to the object distance.
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Figure 9. Programmable gain amplifier circuitry

The PGA gain control is based on the actual time measurement, see Table 2.

Table 2. Programmable gain amplifier gain control

R19 Z R20 Z R21

o
E 22K 8.2K 3.9K 1.8K
AN aN N

¢ R22

PT2

Distance [cm] Time [ms] Gain [-] PTO PT1 PT2

0-20 0 184 Input Input Input

20-30 1,135 184 Input Input Input

30- 60 1,765 376 Output low level Input Input

60 - 80 2,941 600 Input Output low level Input

80-110 4,706 784 Output low level Output low level Input
110 - 140 6,471 1040 Input Input Output low level
140 - 170 8,235 1248 Output low level Input Output low level
170 - 400 10 1600 Output low level Output low level Output low level

The integrated band-pass filter improves the echo signal-to-noise ratio and acts as an ADC anti-aliasing

filter as well.

The band-pass filter design combines passive components and a relatively low U3 transition frequency to
obtain the required band pass filter characteristic, with a center frequency of 40 kHz, see Figure 9.
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Ultrasonic sensing application

3.4 Echo signal sampling and processing

The object echo signal is sampled using the ADC module. The ADC module samples the data with an 8-bit
resolution and a sampling speed of 2.2 us per one sample. When using the 40 kHz ultrasonic transducer,
approximately eleven ADC samples are taken per single signal period, see Figure 10.
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Figure 10. Echo signal sampling and processing
The ADC sampled data processing is software-based. The ADC data is compared with the ADC sample
threshold, which is set to 3.5 V. Where there is software comparator first match, the first pulse time is
captured (time stamp). From now on, each software comparator match increments the signal strength

counter (number of samples) and the signal maximal amplitude is worked out. When there is no software
comparator match for a maximum period of 68 us, the echo end is promoted.

The echoes parameters are sorted into a three dimensional array capturing:
* First sample time
*  Number of samples
* Maximal amplitude

3.5 Object distance calculation
The echo reception is finished when a 30 ms period has expired, starting from the burst signal transition.

As the first step, the echo with the maximal amplitude is singled out. Echoes with an amplitude below 80%
of this maximal amplitude are discarded.

As the next step, the echo with the maximal number of samples is singled out. Echoes with a number of
samples below 25% of this maximal number of samples are discarded.

The described filtering process allows elimination of weak object reflections, that appear at the sides of
the transducer’s lobe and disturb the desired object distance measurement.

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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Ultrasonic sensing application

As the last step, the echoes are sorted by value of the first sample time. The echo with the shortest period
is promoted as the desired object echo.

The object distance is calculated, see Eqn. 1, with sound velocity compensated for by the actual
temperature, see Eqn. 2. Calculation is proceed in 16-bit fractional arithmetic using AMMCLIB [6]. The
actual temperature is measured by the on-chip temperature sensor.

The calculated object distance value is then averaged using a digital 2nd order IR low-pass filter with a 2
Hz transition frequency. The IIR filter is part of the AMMCLIB [6].

The object distance is measured in millimeters and reported, as depicted in Table 3.

Table 3. Object distance reporting

Object distance [mm] Measured distance RGB LED color RG LED color
0-199 0 Red Red
200 - 349 Object distance Red and Green Red and Green
350 - 499 Object distance Green and Blue
500 - 4000 Object distance Blue Green
more than 4000 65535 (OxFFFF)

3.6 RGB LED control and diagnostics

The on-board RGB LED color control is based on the measured object distance, as depicted in Table 3.
The PWM module drives the LED with a 16-bit resolution, enabling a smooth change of the LED color.

The RGB LED diagnostics module reports the actual LED average current, calculated using the LED
voltage and applied PWM duty cycle.

The actual LED voltage is sampled by the ADC when the LED is turned ON, approximately 3 us for red,
6 us for green and 9 us for the blue diode after the PWM signal falling edge. The sampled value is used to
calculate the diode resistor voltage. As the resistor voltage and its resistance is known, the diode peak
current is calculated. The average current value is calculated using the known PWM duty cycle, and the
diode peak current during a 1ms time slot from 0.135 ms to 1.135 ms, see Table 1.

The calculation is carried out in 16-bit fractional arithmetic using the AMMCLIB [6].
More information can be found in AN4842 [7].

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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Ultrasonic sensing application

3.7 LIN Slave node position detection

The on-board LIN switch hardware is designed to support LIN Slave node auto-addressing and

daisy-chaining, see Figure 11. The LIN_IN and LIN_OUT LIN signal lines are either connected or
disconnected based on the MCU PSO0 output pin logic level, see Table 4.

Qt
J1

BSS138LT1G 2
CON PLUG 4
4 _ LIN_IN 2 m’ 3
osl3 I+
o712
1

o

ENINIINEN

D2
BzTs2C16T-7 AR

<

D4
BZT52C16T-7 ¥

R2
S1A 22K

Q2
BSS138LT1G

140.0
1

Figure 11. LIN signal line switch

When the system is powered-up, the LIN_IN (J1) and LIN_OUT (J2) LIN signal lines (pin 4) are
disconnected. The LIN Master unit communicates to the closest LIN Slave unit only. The LIN Master unit
sends the LIN configuration frame. Once the LIN Slave address is configured, the LIN_IN and LIN_OUT
node LIN signal lines are connected and the LIN Slave configuration is repeated for the following node in
the line. The cycle is repeated until the configuration of the LIN network slaves is not finished.

Table 4. LIN signal line switch control

MCU PSO0 pin LIN_IN and LIN_OUT
High level Disconnected
Low level Connected

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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4 MC9S12ZVL32 modules configuration

The Ultrasonic sensing application uses the following set of peripheral modules:
Clock, Reset and Power Management Unit (CMPU)

Timer module (TIM)

Pulse Width Modulator (PWM)

Analog-to-Digital Converter (ADC)

Port Integration Module (P1M)

Interrupt (INT)

I L o

The modules’ configuration and usage is described in the following chapters. Detailed information on the
MCU modules can be found in the MC9S12ZVL 32 reference manual [4].

The application software is developed to meet the following specification:
» Object distance ultrasonic measurement in the range of 20 cm to 4 m at 25°C
» Object distance measurement compensation for the temperature
» Echo signal processing in the digital domain
* RGB LED control and diagnostics
» FreeMASTER enabled

For detailed info, see Section 5, “Ultrasonic sensing application demo”

4.1 Clock, Reset and Power Management Unit

The Clock, Reset and Power Management Unit (CMPU) sets the CPU clock to 64 MHz and the bus clock
to 32 MHz using the Internal 1 MHz clock signal.

The Internal 1 MHz reference clock is selected as the source clock for the PLL (CPMUREFDIV_REFDIV
=0, CPMUREFDIV_REFFRQ = 0).

The PLL VCOCLK frequency is set to 64 MHz (CPMUSYNR_SYNDIV = 31):

VCOCLK = (2 x (SYNDIV + 1)) x IMHz Eqn.7

The VCOCLK signal frequency is divided by 1 (CPMUPOSTDIV_POSTDIV =0). This is used as the 64
MHz core clock ECLK2X signal and the 32 MHz bus clock ECLK signal.

The chip temperature sensor is enabled (CPMUHTCTL_HTE =1).

4.2 Timer Module

The TIM channel 0 is running as an application scheduler time base. The TIM channel 0 compare output
is configured as no action on a channel compare event (TIMOTCTL2_OLO0 =0, TIMOTCTL2_OMO = 0).
The TIM channel 0 interrupt is enabled (TIMOTIE_COI = 1).

The timer single tick is configured to 1us (TIMOTSCR2_PR =5).

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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MC9S12ZVL32 modules configuration

4.3 Pulse Width Modulator

The Pulse Width Modulator module generates the ultrasonic sensor burst signal and controls the on-board
RGB LED.

The PWM module channels operate in 16-bit resolution mode (PWMCTL_CONO01 =1,
PWMCTL_CON23 =1, PWMCTL_CON45 =1, PWMCTL_CONG67 = 1). The PWM clock A equals the
32MHz bus clock (PWMPRCLK_PCKA = 0) and the PWM clock B equals 16 MHz
(PWMPRCLK_PCKB =1).

The channels PWML1, PWM3, PWM5 generate a 244 Hz PWM starting with a low-level polarity
(PWMPOLL1 =0, PWMPOL3 = 0, PWMPOLS5 = 0) to control the RGB LED. As a clock source, clock B
is selected.

The channel PWM?7 generates a 40 KHz PWM starting with a high-level polarity (PWMPOL7 = 1) and a
duty cycle of 38% to control the ultrasonic transducer sender. As a clock source, clock A is selected.

The PWML1, PWM3, PWMS5 channels are enabled (PWME_PWMEL =1, PWME_PWME3 = 1,
PWME_PWMES = 1). The PWM7 channel is enabled only to generate the burst, see Section 3.1,
“Scheduling".

4.4 Analog-to-Digital Converter
The Analog-to-Digital Converter is used to sample the echo signal and LED voltage.

The ADC clock is set to 8MHz (ADCOTIM = 1). The ADC module is configured to access mode via the
databus (ADCOCTL_0_ACC_CFG =2). The ADC is running in trigger mode (ADCOCTL_0_MOD_CFG
= 1). The end-of-list interrupt is enabled (ADCOCONIE_1 EOL_IE =1).

Based on the application scheduler described in Section 3.1, “Scheduling™, the ADC module is
periodically reconfigured every 30 ms.

In the first 30 ms period, the ADC module samples the echo signal using the single command sequence
list (ADCOCTL_1 CSL_BMOD = 0) and the two result value list (ADCOCTL_1 RVL_BMOD = 1) with
8-bit resolution (ADCOFMT _SRES = 0). The command sequence list drives the ADC to convert 15
consecutive samples of the echo signal. With an ADC 8-bit resolution, an end-of-list interrupt arises every
34us and sampled data is processed. The double buffer mode allows a continuing echo signal sampling,
while the sampled data from the other list is processed.

The following 30 ms period, the ADC module samples LED voltage and on-chip temperature sensor
voltage using the single command sequence list (ADCOCTL_1 CSL_BMOD = 0) and the single result
value list (ADCOCTL_1_RVL_BMOD = 0) with 10-bit resolution (ADCOFMT_SRES = 2). The LED
voltage is recalculated to the LED average current, see Section 3.6, “RGB LED control and diagnostics".

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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MC9S12ZVL32 modules configuration

4.5 Port Integration Module

The Port Integration Module is used to drive the RGB LED, see Section 3.6, “RGB LED control and
diagnostics", control the PGA, see Section 3.3, “Echo receiver”, and control the LIN switch, see
Section 3.7, “LIN Slave node position detection”.

The port pins PT3, PT4 and PT5 can be used to debug the application by enabling either the
ULTRASONIC_APPLICATION_DEBUG or LED APPLICATION_DEBUG macros, see Table 5. The
pins share SCI and TIM modules as well.

Table 5. Application debug

MCU pin ULTRASONIC_APPLICATION_DEBUG LED_APPLICATION_DEBUG
PT3 ADC end-of-list interrupt
PT4 PGA gain changed ADC end-of-list interrupt
PT5 Time slot expired PWM falling edge generated

4.6 Interrupt

The Interrupt module sets the interrupt priorities as follows, starting with the highest priority:

1. The ADCO end-of-list - samples are ready for processing

2. The TIM channel 0 - time slot expired
3. The PIM Port P - PWM module signal falling edge captured

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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Ultrasonic sensing application demo

5 Ultrasonic sensing application demo

The ultrasonic sensing application demo can be build using attached AN4841SW.zip file containing
X-512ZV1.32-USLED board hardware and software files.

5.1 Hardware

The X-S12ZVL32-USLED board, see Figure 12, is built using the AN4841SW.zip hardware files. These
files include the board schematic, bill of materials, gerber files and an instruction for board manufacturing.

S
-
n

2

2
?I—
37

RS

(7]

Figure 12. The X-S12ZVL32-USLED board

The X-S12ZVL32-USLED board contains, see Section Appendix A, “X-S12ZV1L32-USLED board
schematic™:

 MC9S12ZVL32 LQFP32 MCU, see [4]
* LIN Slave node position detection hardware
» Ultrasonic sensing circuitry:
— Burst module
— Programmable gain amplifier
— Sender and receiver transducers
* RGB LED with diagnostics hardware
* Reverse battery protection
 BDM enabled

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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Ultrasonic sensing application demo

5.2 Software

The software files are packed as the MC9S12ZVL32_UDSD_REV1.exe file available in AN4841SW.zip
file. The application is developed using the CW10.3 environment. The
MC9S12ZVL32_UDSD _0N22G_AMMCLIB_v_1 0 0.elf file can be found in the project FLASH folder.
For code download, the P&E USB Multilink Interface is used.
The ultrasonic sensing application demo shows:
* Object distance measurement in the range of 20cm to 4m at 25°C
» Object distance measurement compensation for the temperature
» Smooth RGB LED color control based on the actual object distance
* RGB LED diagnostics
* FreeMASTER tool displays:
— Actual object distance
— RGB LED average current
* Integrating the AMMCLIB [6].

5.3 Demo set-up

The demo set-up is depicted in Figure 13. The demo is designed to be able to run either with or without
the FreeMASTER tool. The demo user chooses the actual object distance visualization.

Figure 13. Demo Set-up

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0
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Ultrasonic sensing application demo

Follow the instructions for a complete demo set-up:

1.
2.

o U A~ w

~

10.
11.

Install the FreeMASTER tool [5] on the PC used

Connect the +12 /100 mA DC power supply to the X-S12ZVL32-USLED board at J1, LIN_IN:
a) GNDtoJlpinl

b) +12VtoJ1lpin3

Turn ON the power supply

Connect the P&E USB Multilink Interface to the X-S12ZVL32-USLED board at J4

Open the “MC9S12ZVL32_UDSD_LED.pmp” file, available in the project AN4841SW.zip file

Go to the FreeMASTER file Project/Options folder and check the settings as depicted in Figure 14
and Figure 15

Run FreeMASTER communication by File/Start Communication

Put an object (e.g book, paper, etc.) in front of the ultrasonic transducers U2 and U4. The RGB
LED color will change smoothly based on the actual object distance, see Section 3.6, “RGB LED
control and diagnostics™:

a) Red - object closer than 20 cm

b) Red and Green combination - object distance between 20 cm and 35 cm
c) Green - object distance 35 cm

d) Green and Blue combination - object distance between 35 cm and 50 cm
a) Blue — object distance more than 50 cm

The object distance is displayed on the FreeMASTER page, see Figure 16
The RGB LED average current is displayed on the FreeMASTER page, see Figure 17
The RGB LED can be controlled, see Figure 17:

a) OFF

b) Red and Green combination

c) Red, Green and Blue combination
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Ultrasonic sensing application demo

Options

-

>

r

r— Communication

[l

MAP Files | Pack Dir | HTML Pages | Demo Mode |

Drect RS232: Pot: [COMS | Speed:[600  ~| _Tmeouts.. |

Plug-n Module: IFreeMASTER P&E BDM Communication Plugin (HCS08/12, d
Connect string: |drv=4;D‘f)'De=3;pnum=1 devid=PE5S015704; ;l Corfigure... |

Save settings to project file ¥ Save settings to registry, use it as defautt.

~
IS
P

r

— Communication state on startup and on project load

Open port at startup
Do not open port at statup
Store port state on exit, apply it on startup

Store state to project file, apply upon its load Advanced... |

ITI Cancel | Apply | Help |

Figure 14. FreeMASTER Communication configuration

Options (=3
Comm | Pack D1'r| HTML Pages | Demo Mode I
Defaut symbol fie: [ \FLASH\MC3512ZVL32_UDSD_ON22G_AMMCLIBLv_1_0_0. _ ...
File fomat: [Binary ELF with DWARF1 or DWARF2 dbgfomnat. ~| Edt | Dcl |
b N B \FLASH\CSS122VL32 UDSD._ON22G
symbol files:

Mote: The file selected in the list will be used as default symbol file
when the project is opened

On Load
[T Let the user select starting symbal file
¥ Synchronize variables each time the symbol fils loads

[¥ List emors (variables using undefined symbols)
% Aways (" Except after project load

,TI Cancel | Apply | Help |

Figure 15. FreeMASTER MAP Files configuration
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Ultrasonic sensing application demo

F C9S127VL3 | | eel El
File Edit Wiew 5cope Item Project Tools Help

| |E|@|E| %[5l2] <|+|8] 21| s 2]l w24 ]
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O v b b b b b b b b by g
60 1
50F
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aigorthm block description. _aseiloscope |
Name Value Unit Period -

=

Ready |drv=4;ptype=3;pnum=1;devid=PES015704;devlock=C |Scope Bad Y

Figure 16. FreeMASTER object distance display
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Ultrasonic sensing application demo
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[E51 1C95127V132_UDSD_LED
i}k Object Distance Detail
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wlal [ ¢4 @)e|
— I —
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22,5
20,0
17,5

iy
§
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n
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]
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i
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Figure 17. FreeMASTER RGB LED average current
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Acronyms

7 Acronyms

ADC Analog-to-Digital Converter

AMMCLIB Automotive Math and Motor Control Library Set
BDM Background Debug Module

CMPU Clock, Reset and Power Management Unit
DC Direct Current

HVI High VWoltage Input

IIR Filter  Infinite Impulse Response Filter

INT Interrupt

ISR Interrupt Service Routine

LIN Local Interconnect Network

MCU Microcontroller Unit

PC Personal Computer

PGA Programmable Gain Amplifier

PIM Port Integration Module

PWM Pulse Width Modulation

RGB LED Red, Green, Blue Light Emitting Diode
TIM Timer Module

USB Universal Serial Bus

VSUP \oltage Supply

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0

24

Freescale Semiconductor



X-S12ZVL32-USLED board schematic

Appendix A X-S12ZVL32-USLED board schematic

For this schematic, please refer to “X-S12ZVL32-USLED.pdf”, attached with the pdf of this
Application Note.

S12ZVL LIN Enabled Ultrasonic Distance Measurement, Rev. 1.0

Freescale Semiconductor 25



h

How to Reach Us:
Home Page:
freescale.com

Web Support:
freescale.com/support

Document Number: AN4841
Rev. 1.0
3/2014

Information in this document is provided solely to enable system and software
implementers to use Freescale products. There are no express or implied copyright
licenses granted hereunder to design or fabricate any integrated circuits based on the

information in this document.

Freescale reserves the right to make changes without further notice to any products
herein. Freescale makes no warranty, representation, or guarantee regarding the
suitability of its products for any particular purpose, nor does Freescale assume any
liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation consequential or incidental
damages. “Typical” parameters that may be provided in Freescale data sheets and/or
specifications can and do vary in different applications, and actual performance may
vary over time. All operating parameters, including “typicals,” must be validated for each
customer application by customer’s technical experts. Freescale does not convey any
license under its patent rights nor the rights of others. Freescale sells products
pursuant to standard terms and conditions of sale, which can be found at the following
address: http://www.reg.net/v2/webservices/Freescale/Docs/TermsandConditions.htm

Freescale and the Freescale logo are trademarks of Freescale Semiconductor, Inc.,
Reg. U.S. Pat. & Tm. Off. MagniV is trademark of Freescale Semiconductor, Inc. All
other product or service names are the property of their respective owners.

© 2014 Freescale Semiconductor, Inc.

<.

Z“freescale



	1 Introduction
	2 Ultrasonic based measurement overview
	2.1 Ultrasonic sensing principle
	2.2 Required compensation
	2.3 Transducer

	3 Ultrasonic sensing application
	3.1 Scheduling
	3.2 Burst generator
	3.3 Echo receiver
	3.4 Echo signal sampling and processing
	3.5 Object distance calculation
	3.6 RGB LED control and diagnostics
	3.7 LIN Slave node position detection

	4 MC9S12ZVL32 modules configuration
	4.1 Clock, Reset and Power Management Unit
	4.2 Timer Module
	4.3 Pulse Width Modulator
	4.4 Analog-to-Digital Converter
	4.5 Port Integration Module
	4.6 Interrupt

	5 Ultrasonic sensing application demo
	5.1 Hardware
	5.2 Software
	5.3 Demo set-up

	6 References
	7 Acronyms


J1

Qt

BSS138LT1G J2
CON PLUG 4 CON PLUG 4
4 _ LIN_IN 2 3
2 2
O_ﬂ o =
1 c1 BZT52C16T-7 ==
LIN IN —= 220PF = LIN OUT
/50V
+12V Board Power Supply
(=50V, +42v) D1 D3
MMBZ27VCLT1 MMBZ27VCLT1
= = D4 =
BZT52C16T-7 9 Rt
22K
D5
S1A 22K
’ o .
Q2
. C3 BSS138LT1G
33UF c2 R3
/50v 0.1UF 4 140.0
/50 q| |r, gn o2
L1 = = C4
+5V 600 OHM 0.01UF
Q —— (507 RS
AN . 1.0K
VMH F_A._/\, AN—4
c5
c6 ut 1000PF
0.22uF PC9S12ZVL32 /50v
VDDA vsuP [
VSSA VSS [
R7 VDDX O+5V
1400 VSSX2 [
: %3 EXTALETRIGO/PEO VSSX1 [
»%—— XTAL/PE1 BCTL ol g TouF
0.22uF /6.3v
TEST 26 BKGD .
R6 © P P RESET BKGD/MODC
82 1
ANO VRH/ANO/KWADO/PADO LIN ;gg —
5~ VRL/AN1/KWAD1/PAD1 LGND [1
7| AN2/KWAD2/PAD2
0| AN3/KWAD3/PAD3 28 PSO
g-| AN4/KWAD4/PAD4 PSO/KWSO/MISO0/PWM4/RXDO/IOCO_2 55—
5| ANS/ETRIGO/KWADS/PADS PS1/KWS1/MOSIO/PWMS/TXDO/LPDCO/I0CO_3 |35
%——=— AN6/KWAD6/PAD6 PS2/KWS2/SCK0/IOCO_4/DBGEEV [—55—X
%—¢-| AN7/KWAD7/PAD7 PS3/KWS3/SS0/I0C0_5/ECLK [—>—X
»%—2—| AN8/KWAD8/PAD8
o o = %—>— AN9/KWAD9/PAD9 1
< < < PJO/SDAO/PWMS [—35—X
5 29 PJ1/SCLO/PWM7 [——X
HDR 1xa »— PT7/10C1_1
S N S r 50| 10C1_0/PT6 44
MMM TXD1/10C0_5/PT5 PP7/KWP7/PWM7/I0C1_0 |15 D> PWM7
RXD1/I0C0_4/PT4 PWMB/ETRIGO/KWPE/PPE 35X pyyus
3 8 & PT3/10C0_3 PP5/XIRQ/KWPS/PWMS (55
PT2/I0C0_2 PP4/KWP4/PWM4 35— pivia
PT1/I0C0_1/SCLO/TXD1/PWMO/LPRXDO PP3/IRQ/KWP3/PWM3 57
/ LPTXDO/PWM2/RXD1/SDA0/IOCO_0/PTO PP2/KWP2PWM2 37— pywit
1/0 PP1/KWP1/PWMI/IOCT 1 35
PPO/KWPO/PWMO [~
KWLO/PLO e Automotive, Industrial & Multi-
P = market Solutions Group
Z “freescale

PT2
PT1
PTOK——H

T
564
799

J4
HDR 2X3

2
4 /RST
6

E— 1

g
2

6501 William Cannon Drive West
Austin, TX 78735-8598

[This document contains information proprietary to Freescale and shall not be used for engineering design,
procurement or manufacture in whole or in part without the express written permission of Freescale.

ICAP Classification: FCP: FIUO: PUBI:
Designer: Drawing Title:
Fon X-S12ZVL32-USLED
Drawn by: Page Title:
PCh 02 MCU, LIN Daisy Chain Switch and LEDs
Approved: Size Document Number
CA,WB B

SCH-27825 PDF: SPF-27825

w

Date: Monday, June 17, 2013 ] Sheet 2 of 3
1






+2.5VREF

2 +5V
MA40S4R Q
c10
1 R9 0.22uF
2 22K U3A d
3 LMV324DTBR2G
<
US RX
N 3N
1
R11 2, /
22K V-

<~

D,

R17
27K

R14
22K
c13
0.01UF
R24
140.0
PWM7Y

uss
LMV324DTBR2G
5>
7
6,
R15
ol 22K
C14
0.01UF
2 R18
27K
+5V
o
2 R23
10

C16
100uF

Cc17
6800PF
/50V

MA40S4S

Us TX

Q4
BSS138LT1G

usc
LMV324DTBR2G
Ri2
10, 1400
0 8 A ‘ 3> ANO
*L c12
1000PF
R16
e 22K
cis
0.01UF
2 Ri9 P R 2 R2t » Re2
22K 8.2K 3.9K 1.8K
A A
BT0 PTi PT2

+5V
2 Ri0
22K usD
LMV324DTBR2G
12,1
14 +2.5VREF
13
Y Ri3
22K C11
10uF
/6.3V
s Automotive, Industrial & Multi-
P = market Solutions Group
- ff&&SCﬂ 'e 6501 William Cannon Drive West
Austin, TX 78735-8598

[This document contains information proprietary to Freescale and shall not be used for engineering design,
procurement or manufacture in whole or in part without the express written permission of Freescale.

ICAP Classification: FCP: FIUO: PUBI: X

Designer: Drawing Title:
PCh

X-S12ZVL32-USLED
Drawn by: Page Title: . . . .
PCh 03 Ultrasonic Sensing Tx and Rx Circuitry
Approved: Size Document Number Rev
CA,WB B SCH-27825 PDF: SPF-27825 0.2

[ Sheet 3 of 3
0

Date: Monday, June 17, 2013










