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RF430FRL152HEVM User's Guide

This document is a description of the RF430FRL152HEVM product that is designed to fully explore all of
the capabilities that the RFA30FRL152H part offers. To more easily experiment with all of the features of
the part and the firmware that is in the ROM, a PC application is available, and its use is also described
here, including software and driver installation.

The family of RF430RL15xH devices includes the RF430FRL152H, RF430FRL153H, and RF430FRL154H

variants.
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1.1

Introduction

The RF430FRL152HEVM, including the user software, is a complete evaluation platform to evaluate the
key features of the of the RF430FRL15xH devices:

e Passive communication and sensor measurement using ISO/IEC 15693

e Can program user code to FRAM memory through JTAG

» Collect sensor measurements over I°C using the Sensor Hub BoosterPack (BOOSTXL-SENSHUB)
» Can develop drivers for custom digital sensors

» Interfaces with the PC GUI application to fully experiment with application functionality

Overview

To start evaluating the RF430FRL152H device, an RF430FRL152HEVM is available. This evaluation
board allows you to experiment with all of the capabilities of the low-voltage (1.5-V) dynamic tag with an
MSP430™ core.

Because this dynamic tag uses ISO/IEC 15693 (NFC-capable) passive communication, it needs an
ISO/IEC 15693 reader/writer to explore its full capabilities. TI recommends that you use either a
TRF7970AEVM in conjunction with a PC application or a custom NFC/RFID-capable handset.

Features and benefits of the RF430FRL152H MCU include:

* ISO/IEC 15693 RF interface

* Low-voltage MSP430 MCU (L092 based)

* Nonvolatile low-power FRAM memory (2kB)

e Sigma-delta 14-bit analog-to-digital converter

» Single-cell battery (1.5-V) operation

» Can run batteryless from RF scavenged energy provided by NFC/RFID reader

» Supports temperature measurement using a thermistor

» Single-chip solution for a contact-less sensor

The RF430FRL152HEVM is a development platform to evaluate the capabilities of the RFA30FRL15xH
devices and allows experimenting with all the features of the RF430FRL152H.

* Integrated PCB antenna

» Power over RF, battery, or USB

e Onboard thermistor and reference resistor for temperature measurement

e Onboard light sensor

* NFC/RFID ISO 15693 communication with NFC/RFID enabled reader/writer or smart phone
» Connector to enable compatibility with TI LaunchPads and BoosterPacks

* JTAG header for connection of MSP430-FET Emulation tool for programming
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1.2 Whatis Included
* RF430FRL152HEVM (see Figure 1 below)
+ USB cable
* Quick start guide

121 RF430FRL152HEVM
Figure 1 shows a photograph of the RFA30FRL152HEVM.

Figure 1. RF430FRL152HEVM

1.3 Required Additional Equipment

Optional recommended equipment:
* PC running Windows operating system to run the GUI for the TRF7970AEVM
* TRF7970AEVM for NFC/RFID communication with the RF430FRL152HEVM (TRF7970AEVM)

131 TRF7970AEVM

Figure 2 shows a photograph of the TRF7970AEVM. If the TRF7970AEVM was purchased around the
same time as the RF430FRL152HEVM no code updates will be necessary. If there are communication
issues with the RF430FRL152HEVM, make sure that the TRF7970AEVM is programmed with the latest
firmware. The latest firmware for the TRF7970AEVM can be found here.

Figure 2. TRF7970AEVM
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1.4 Recommended Additional Equipment

Optional recommended equipment:
e SensorHub Booster Pack — connection of digital sensors (BOOSTXL-SENSHUB)

 MSP430 FET Tool for code development / debugging and programming the device over JTAG (MSP-
FET)

14.1 Sensor Hub BoosterPack
Figure 3 shows a photograph of the Sensor Hub BoosterPack.

Figure 3. Sensor Hub BoosterPack

1.5 Installation of the Software and Drivers
The most recent PC GUI and user's guide are available at www.ti.com/tool/RF430FRL152HEVM .
To install the PC GUI:
1. Download the RF430FRL152HEVM-1.1.2-windows-installer.exe file to the PC.
2. Run the executable and follow the prompts to install the software.

3. To run the application click on the Start menu, All Programs, then the Texas Instruments folder, then
the "RF430FRL152HEVM Application™ and finally the "RF430FRL152H GUI Interface” program.

The USB drivers for the TRF7970AEVM are available from this link:
http://www.silabs.com/products/mcu/pages/USBtoUARTbridgeVCPdrivers.aspx
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Hardware Description

Block Diagram

Figure 4 shows the EVM block diagram.
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Figure 4. RF430FRL152HEVM Block Diagram

» The EVM board can be powered by RF scavenged energy, battery, FET emulator tool, or USB power.
When powered through the USB connection or an MSP-FET emulation tool, switch S6 must be set to
"Supply". If the EVM is powered by scavenged RF energy or a battery, switch S6 must be set to

"Battery".

« Level translators are used on 1°C, SPI, and FET emulator interfaces.
» The power (green) LED should turns on only when the board is powered by a USB connection.

» Jumper SV7 is needed to bypass the internal battery switch and provide power directly to the core.
This jumper should be populated for most use cases.

*  When the EVM is powered by the USB connection, the Alarm LED briefly flashes at power-up or stays
illuminated if there is an interrupt from the RF430FRL152H. It is normal for the Alarm LED to stay lit
during MSP-FET tool programming.
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2.2 Hardware Overview
Figure 5 shows an overview of the RF430FRL152HEVM hardware.
Mini USB connector Light Sensor
(For power only) Thermistor
LaunchPad and
BoosterPack Headers —p
RF430FRL152H
Power switch (S6) —
; s MSP-FET
Switches (5S4 & S5) _\_: B «— Emulation Tool
BoosterPack and ; Connector
LaunchPad select
switch (S3)
Antenna MCU reset button
Figure 5. RF430FRL152HEVM Hardware
2.3 Hardware Configurations
2.3.1 Passive (Unpowered) Operation
In this mode, the RF430FRL152H is powered entirely from the RF field generated by the reader.
1. Set S6 to "Battery".
2. Set S3to"S" (slave mode).
3. Make sure that USB and the MSP-FET emulation tool are not connected.
4. Place the EVM antenna on top of a NFC reader/writer to communicate.
Neither the "Alarm" or the "Power" LEDs illuminate in this mode of operation at any time. At this time a
NFC/RFID reader may be used to communicate to the RF430FRL152HEVM.
2.3.2 Debugging or Programming

The following instructions show how to program the FRAM memory or debug the RF430FRL152H using a
MSP-FET emulation tool. In this configuration the EVM is powered by the MSP-FET emulation tool.

1. Set switch S6 (near the BoosterPack headers) to "Supply".

2. Connect the MSP-FET430 emulation tool to the JTAG header, SV2.

3. Start a debug session using IAR or CSS IDE.

4. Connection with the USB cable is not necessary for debugging or programming the RF430FRL152H.

Note: The Alarm LED may be illuminated during the debugging process if the USB cable is connected.
This is normal behavior.

Note: If the USB cable is not connected, the power LED (U5) and the Alarm LED (7) are not illuminated
even if the emulation tool is connected. This is normal behavior.

The MSP-FET emulation tool can be used to program or debug the EVM at this point.
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2.3.5

Using a BoosterPack or Digital Sensors
An example of this use case is using the Sensor Hub BoosterPack. In this configuration the EVM is
powered by the USB connection.
1. Set switch S6 (near the BoosterPack headers) to "Supply".
2. Set switch S3 to "M" (master mode).

3. Attach the BoosterPack on top of the EVM, making sure it is in the correct orientation (pin 1 on the
EVM matches pin 1 on the BoosterPack headers).

4. Connect the USB cable to either the BoosterPack or the RF430FRL152HEVM.

Note: When the USB cable is attached, the power LED (U5) stays illuminated. The Alarm LED (U7) should
momentarily illuminate and then turn off.

Now the TRF7970AEVM can be used to communicate to the part and initiate samples of the various
sensors.

Using a Host Controller
In this mode, the host LaunchPad is connected underneath the RF430FRL152HEVM. Make sure the
orientations match.
1. Set switch S6 (near the BoosterPack headers) to "Supply" setting.
2. Set S3to "S" (slave mode).

3. For a host that uses I°C, S5 and S4 determine the two least significant bits of the I1°C slave address for
the RF430FRL152H. For most cases, set these switches to the "0" positions.

4. For a host that uses SPI, S5 and S4 determine the SPI mode. For most cases, set these switches to
the "0" positions.

5. Set S5 or S4 to desired setting at this time.
6. Connect the LaunchPad and the EVM together.
7. Power either the LaunchPad or the EVM by connecting either to a USB cable.

Note: When the USB cable is attached, the power LED (U5) stay illuminated. The Alarm LED (U7) should
momentarily illuminate and then turn off.

Powering the EVM Using a Battery
1. Insert an SR66 1.5-V battery into the battery holder (BAT1).
2. Note: The first time that a battery is inserted, the batter holder may be tight. Carefully holding the board

with a flat object, firmly slide in the battery. Make sure that the positive side of the battery is facing the
positive (or top) side of the battery holder.

3. Set S6 to "Battery".

4. If the battery switch is open (the battery switch is inside the RF430FRL152H), SV7 needs to have a
jumper to power the part. If the battery switch is closed, then SV7 does not need a jumper to power the
RF430FRL152H.

Note: In this mode, the alarm and power LEDs are not illuminated. The device is still powered and
operational.

Note: Also if S5, S4, or S3 positions are changed after powering the EVM, a reset is required for the
changed settings to take effect. This can be done through the PC GUI or by pressing the reset switch
(S2).

Note: If a battery is installed and another configuration (for example, debugging or using a BoosterPack) is
required, set switch S6 to "Supply" to disconnect the battery and not drain it.
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3 GUI Introduction
Figure 6 shows the Setup tab.

Position all switches
as shown above
Device Interface Selection:
@ RF430FRL152H EVM
@) RF430FRL152H Patch

) Custom Device

Select Configuration: @ Without Sensor Hub BoosterPack © With Sensor Hub BoosterPack

g 0] ial portand on D tab, click button labeled "Start D >
Demo Mode: pen serial port and on Demo tab, click button labele emo Varsion 1120

Connect to TRF7370AEVM : Read All Tabs ] [ Wiite All Tabs

Figure 6. PC Application

Table 1. GUI Tabs

Name Contents and Functions

Setup This tab explains how to configure the system.

Using an RF430FRL152HEVM, this tab allows automatic setup, measurement, and display of

Demo Mode the thermistor and light sensor's measurements with one click of a button.

This tab contains controls that allow starting the sampling process, choosing the sensors to be

General Device Configuration used, and selecting the sampling frequency, among other options.

Sensor Configuration This tab contains settings for the ADC for each analog sensor and also advanced settings.
Alarm Control This tab contains settings for enabling and disabling the alarm settings.
Sensor Threshold Configuration This tab contains settings for alarm thresholds for each sensor.
View Sensor Data After a sampling process has completed, this tab allows the user to view the logged data.
8 RF430FRL152HEVM User's Guide SLAU607-December 2014
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4 Overview

This section describes the meaning of each of the options on each tab. Remember, checking an option
does not immediately cause that option to be set. It is only set after a "Write" button click is performed.
Any changes that have occurred on the part, like new status, will not be visible until a "Read" button click
has been done.

4.1 Typical Sequence

In a typical sequence (for example, to do a thermistor measurement) follow these steps. These steps are
more fully described in the RF430FRL15xH Firmware User's Guide (SLAU603).

1. Configure the thermistor measurement parameters:

(a) Select the thermistor sensor.

(b) Set how many times it needs to be sampled.

(c) If sampled more than one time, select the delay between the samples.

(d) Select the ADC configuration (resolution, PGA setting, and type of filter).

These settings are written to the virtual registers in the FRAM memory using RF communication.
2. Write the start bit in the control register to start the sampling process.
There is a delay while the sampling process is being performed.

4. After sampling is complete, the requested measurements are stored into the log memory, typically
FRAM (after the virtual registers).

w

4.2 Setup Tab

This tab is largely self-explanatory. First, in the "Device Interface Selection" select the board that is being
used.

If the RF430FRL152HEVM is selected, an option to select whether or not a Sensor Hub BoosterPack is
being used is presented. Make the selection (see Figure 7).

%3 GUI using TRF7970EVM to interface

Setup | Demo Mode I Gen. Device Config | Sensor Corfig. I Alarm Control | Sensor Threshold Config. | View Sensor Datal

Position all switches
as shown above
Device Intefface Selection:
@ RF430FRL152HEVM
) RF430FRL152H Patch

) Custom Device

Select Configuration: @ Without Sensor Hub BoosterPack © With Sensor Hub BoosterPack
Demo Mode: Open senal portand on Demo tab, click button labeled "Start Demo”

WVersion 1.1.2.0
Connect to TRF7S70AEVM J : Read All Tabs ] [ Wiite Al Tabs
Figure 7. Setup Tab
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4.3 Demo Mode Tab

Using this page a user can easily run a sensor acquisition. After positioning the boards as shown on the
Setup tab, then pressing the "Start Demo" button, measurement will be started and temperature data and
other sensor data like light intensity will be shown (see Figure 8).

F -
@ GUI using TRF7970EVM to interface to RF430FRL15xH | = | E] i—hJ
|EE£.IEJ Demo Mode | Gen. Device Corfig | Sensor Corfig. | Alam Control | Sensor Threshold Corfig. | View Sensor Data |
Temperature Light Intensity (EWM Only)
S0 100

4 /] 80

H MmO

66 20
60 0
0 16 32 43 64 a0 0 16 32 43 64 a0
75.1 °F &% B
Start Demo
| Close connection to TRFZ370AEVM J Read All Tabs | | Wiite All Tabs

S -

Figure 8. Demo Tab
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4.4 General Device Configuration Tab
Figure 9 shows the "Gen. Device Config" tab.
# GUI using TRF7970EVM to interface to RF430FRL15xH » [ == g
| Setup | Demo Mode Sensor Contg. | Aam Control | Sensor Thveshold Config. | View Sensor Data |
General Control Register Status Register Sensor Control Register o Mare Registers @ '
o Start Sampling Process Idle State o Reference/ADC1 Sensor Extemal Intemupt Control Voltage Levels Alert @
@iz © Mg No Overflow Q D) Themistor/ADC2 Sensor € Bxtemal intemupt Enable  [7] VDD2X Low
. No Caollision 2 = Intemupt Assert Level | VDDB Low
oCorrtroI Battery Switch No End of Sample Intiemupt ° Using Themistor e o @
Close Battery Switch No BIPE Emor Intemupt @ Light Sensor 9 : BIP2 Corttrol 9
o 15015693 Send Data Mo NFC Bridge Data Received @ ol T Sete e Do Shdn @ || BIP8 Enable
Mo Sensor Result Threshold Exceeded ) ) | BIPE Int Enabie
ot:orrtrol Intemupt No Reset Eror @ Digital Sensor 1 “) Drive ) Hi-ZDeasset emupt
Set Intemupt @ Digtal Sensor 2 @Inﬁnﬂe Sampling !
© Reset @ Digtal Sensor 3 Q) Bus Test Mode Enable €) Enable Watchdog
MNumber of Passes Register MNumber to Average Register Frequency Register @Check For ki o6 Feaer QMM Stange Entble
@Disconned Battery At Sampling End
@ 1 @ 1 Every Five Seconds 9 = aEnd Of Sampling Extemal Intermupt Enable |
3T
INSTRUMENTS :
€ Readonythistab  |€X)Wite only thistab |
Close connection to TRFE7370AEVM | Connected to TRF7970AEVM on COM1 ef Read All Tabs |@ Wiite All Tabs l
1

- A

Figure 9. General Device Configuration Tab

Setting this bit causes the application ROM code to start the sampling process of all the sensors that
were selected, based on all of the configurations.

Selects which power mode is used when the device enters idle mode.
Control Battery Switch and Close Battery Switch

Controls the state of the battery switch on the device. To change the state, check "Control Battery
Switch" and then to close the battery switch, check "Close Battery Switch". Otherwise, leave it
unchecked, and the battery switch is set to open. The "Control Battery Switch" option is reset after the
command is executed by the application ROM code.

Allows sending of raw ISO/IEC 15693 commands. Disabled in the current version of the GUI.
Control Interrupt and Set Interrupt

Controls the state of the external interrupt on the device. To change the state, check "Control
Interrupt”, and then to set the interrupt, check "Set Interrupt". Otherwise, leave it unchecked, and the
interrupt and the associated flags are cleared. The "Control Interrupt” option is reset after the
command is executed by the application ROM code. To generate an external interrupt manually with
the GUI, more settings must be done using the "External Interrupt Control"

Causes a PUC (a reset) to be generated on the device. The connection is maintained.

1. Start Sampling Process
2. LPM3 and LPM4

3.

4. 1SO 15693 Send Data
5.

6. Reset

7. Status Register

SLAU607-December 2014

RF430FRL152HEVM User's Guide 11

Submit Documentation Feedback

Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU607

13 TEXAS
INSTRUMENTS

Overview www.ti.com

This group box displays any interrupt or status that have occurred on the device.

Reset all status flags on next write resets all status to idle mode after the tab write.
8. Sensor Control Register

Allows the selection of any sensor to be sampled. Selection of one or multiple sensors is possible.
9. Reference / ADC1 Sensor

Analog Input. If "Using Thermistor", check 11. This causes the input to be configured for an external
reference resistor measurement. Otherwise, it can function as a standalone generic analog sensor
(ADC1).

10. Thermistor / ADC2 Sensor

Analog Input. If "Using Thermister”, check 11. This causes the input to be configured for an external
thermistor measurement. Otherwise, it can function as a standalone generic analog sensor (ADC2).

11. Using Thermistor

If using a thermistor, this option must be selected for the application ROM code to properly set up the
measurement.

12. ADCO / Light Sensor

When using a RF430FRL152HEVM, this is an option to sample the light sensor. Otherwise, it is a
generic analog sensor (ADCO).

13. Internal Temperature Sensor
Allows sampling of the internal temperature sensor on the part.
14. Digital Sensor 1

If using the RF430FRL152HEVM together with the Sensor Hub BoosterPack, this samples the SHT21
temperature sensor. Otherwise, it is an option to sample a generic digital sensor.

15. Digital Sensor 2

If using the RF430FRL152HEVM together with the Sensor Hub BoosterPack, this samples the SHT21
humidity sensor. Otherwise, it is an option to sample a generic digital sensor.

16. Digital Sensor 3

If using the RF430FRL152HEVM together with the Sensor Hub BoosterPack, this option samples the
ISL29023 light sensor. Otherwise, it is an option to sample a generic digital sensor.

17. Number of Passes Register
One pass is sampling all of the selected sensors one time.
18. Averaging Register

Any value higher than 1 causes that many samples to be averaged into one result. Averaging mode in
the "Alarm Control" tab selects the type of averaging used per sensor.

19. Frequency Register

Selects the delay to be made in between each of the sampling passes. Note this delay must not be
less than the time to complete sampling all of the sensors one time. If it is less, then a "collision"
occurs.

20. More Registers
This advanced section is not required in most cases. However, it is described below.
Gating option to enable the external GPIO interrupt.

21. Interrupt Assert Level
The level to be driven or pulled to if there is an interrupt

22. Interrupt Drive State

Determines if the device drives an interrupt or is high impedance (user must provide the appropriate
pullup or pulldown resistor).

23. Bus Test Mode Enable
Allows access to protected memory using an I°C or SPI host.

12
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24. Check For Unexpected Reset

If this option is selected, and an unexpected reset occurs, the reset code is logged at the end of the
logging memory.

25. Disconnect Battery At Sampling End

When the sampling process has been completed, this option causes the ROM code to open the battery
switch.

26. End of Sampling External Interrupt Enable
When the sampling process has completed, this option causes an external interrupt to be generated.
27. Voltage Levels Alert

When these are set, it indicates that the voltage levels have gone too low on a particular rail at some
point. Not self clearing.

28. BIP8 Control

Error detection for I*C or SPI protocol
29. Infinite Sampling

Samples until the "Start Sampling Process" option is unchecked.
30. Enable Watchdog

Enables the watchdog during a sampling process.
31. RAM Storage Enable

Writes sampling results into RAM memory instead of FRAM.
32. Read only this tab

Reads Gen. Device Config and populates the results on this tab.
33. Write only this tab

Writes Gen. Device Config with all of the settings on this tab.
34. Read All Tabs

Reads all of the information on all of the tabs from the virtual FRAM registers in the device using RF
and populates the fields in the tabs.

35. Write All Tabs
Writes all of the information to the virtual FRAM registers in the device over RF from all of the settings.

NOTE: Settings made on the following tabs do not take effect until a "Write only this tab" or "Write
All Tabs" button is clicked:
Gen. Device Config.
Sensor Config.
Alarm Control
Sensor Threshold Config.

Likewise, the settings on these tabs are not updated until a "Read only this tab" or "Read All
Tabs" button is clicked.
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4.5 Sensor Configuration Tab

The options for the four different analog sensors can be controlled from this tab (see Figure 10). The
options can be changed only if the corresponding sensor is enabled in the "Gen. Device Config" tab.

-
# GUI using TRF7970EVM to interface to RF430FRL15xH l =00 ﬁ
Setup | Demo Mode | Gen. Device Corlig orm Cortrl | Sensor Threshold Confg. | View Sensor Data|
Reference/ADC1 Sensor Corfiguration Register o Themistor/ADC2 Sensor Configuration Register Light Sensor Configuration Register
Gain 2 o - Gain 2 - Gain 2 -
FiterType ~ Moving Average Fiter @) = FiterType  CIC Fiter ~  FiterType  CIC Fiter -
Oversampling 64 o - Oversampling 64 - Oversampling 64 -
\¥| Use Virtual Ground o |¥] Use Vitual Ground [¥] Use Virtual Ground
Time: 32mS Sample Time, 9bit Accurac Time: 32mS Sample T Time: 32mS Sample Time, 3bit Accuracy
Intemal Temp. Sensor Configuration Register Misc Settings MNumber Of Blocks Received
G 3 Inttial Delay
o | ksl Delay Enable @ o L
(e hne g b 1 Initial Delay (ms) 0
Oversampling 64 -
[¥] Use Virtual Ground Erpbie FLG o
Time: 32m5 Sample Time, 3-bit Accurac
Sensors Skip Settings
Reference/ADC1 Thermistor/ADC2 Light Sensor Skip Intemal Temp. Digital Sensor 1 Digital Sensor 2 Digital Sensor 3
i Skip Count Skip Count Count Skip Count Skip Count Skip Count Skip Count
0 0 0 0 0 0 0
The sum of sample times of all sensors must be less than the Frequency {in Gen. Device Corfig), otherwise a collision will occur. | Read only this tab I I ‘Write only this tab |
Connect to TRF7370AEVM | [ Read All Tabs | | Write Al Tabs |

Figure 10. Sensor Configuration Tab

1. Sensor Configuration Sensor
Allows control of the analog-to-digital configuration for a particular sensor.
2. Gain
Selects the programmable gain amplifier (PGA) before the ADC.
3. Filter Type
Select the filter to be used.
4. Oversampling
Determines the resolution and time of the sample.
5. Use Virtual Ground

If selected, raises the ADC and sensor ground level several hundred millivolts. It is recommended that
this setting is consistent for all of the sensors.

6. Initial Delay Enable / Initial Delay (ms)
Creates a delay of configured time after starting the sampling process.
7. Enable JTAG

Because JTAG is normally disabled on the device, and if there is trouble establishing a JTAG
connection, enabling this option can help establish connection. This setting takes effect only after a
reset or power cycle.

8. Number of Blocks Received

This is a counter that indicates how many ISO/IEC blocks have been received. Can be reset.
9. Sensor Skip Settings

Allows control of the duty cycle for a sensor.
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46 Alarm Control Tab

The alarm control options for the four different analog sensors can be controlled from this tab (see

Figure 11). The options can be changed only if the corresponding sensor is enabled in the "Gen. Device

Config" tab.

-
# GUI using TRF7970EVM to interface to RF430FRL15xH

—

Reference/ADCT Alam Configuration
Highest o -
© Hich Threshold Moritor Enable
@ Low Threshold Monitor Enable
o Enable Alam Intemupt

o Enable Alarm Monitor

Average Mode

Low Threshold Not Exceeded
High Threshold Not Exceeded

Digital 1 Alarm Configuration

Low Threshold Not Exceeded
High Threshold Not Exceeded

[ Setup. | Demo Mode | Gen. Device Confg | Sensor Corig. |

Themistor/ADC2 Alam Configuration
Average Mode  Last -
High Threshold Monitor Enable
["] Low Threshold Monitor Enable

| Enable Alam Interupt

| Enable Alarm Monitor
Low Threshold Not Exceeded
High Threshold Not Exceeded

Digital 2 Alarm Configuration

Low Threshold Not Exceeded
High Threshold Not Exceeded

Sensor Threshold Config. | View Sensor Data|

Light Sensor Corfiguration Group Box

Average Mode  Last -

[ High Threshold Monitor Enable
Low Threshold Monitor Enable

] Enable Alam Intemupt

[7] Enable Alam Monitor

Low Threshold Net Exceeded

High Threshold Not Exceeded

Digital 3 Alarm Configuration

Average Mode Last - Average Mode Last - Average Mode  Last - ° 504
[ High Threshald Manitor Enable High Threshold Monitor Enable [] High Threshold Monitor Enable Total Number Of Stores
Low Thresheld Monitor Enable [ Low Threshold Maonitor Enable Low Threshold Monitor Enable o 0
_| Enable Alarm Intemupt | Enable Alam Intemupt _| Enable Alamm Intemupt Sole Doy Rk
| Enable Alarm Monitor | Enable Alarm Monitor [7] Enable Alam Monitor o 0

Low Threshold Not Exceeded
High Threshold Not Exceeded

Intemal Temp. Alamm Corfiguration Register
Average Mode  Last -
High Thresheld Monitor Enable
["] Low Threshold Monitor Enable
| Enable Alamm Interrupt
| Enable Mlarm Monitor
Low Threshold Not Exceeded

High Threshold Not Exceeded

Stored Samples Memory

@ FRAM Virual Registers Initialized

o Reset Status Flags on This Tab On Next Write

[ Readonythistab | [ Wiie onythistab |

Connect to TRF7970AEVM | [

Read Al Tabs | [ Wrte Ml Tabs |

Figure 11. Alarm Control Tab

1. Averaging Mode

True averaging is done only if the "Average" option is selected. The Lowest or Highest options store
only the lowest or highest, respectively, sample for the selected sensor. The number of samples done
before the result is stored is set in the "Averaging Register" setting on the "Gen. Device Config" tab.
The "First" option stores the first sample of the selected sensor. If averaging is selected, during
sampling passes after the first sample was stored, the remaining passes will skip this sensor.

2. Enable Alarm Monitor

Enables a check for high or low thresholds for a particular sensor. The results are given in the labels
below.

3. Enable Alarm Interrupt

Enables a GPIO interrupt if a high or low threshold has been exceeded. The "Enable Alarm Monitor"
must also be selected for this to take effect.

4. Stored Sample Memory
Defines the length of the logged samples memory section.
5. Total Number Of Stores
Reports how many samples were written to the log memory.
6. Sample Buffer Index
Reports the index location of the last sample stored.
7. FRAM Virtual Registers Initialized
If checked, indicates that the FRAM memory has been initialized.
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8. Reset Status Flags on This Tab On Next Write
Resets all of the flags on this tab the next time the "Write" button is clicked.

9. High Threshold Monitor Enable

Enables monitoring of that particular sensor for a sample value that exceeds or is equal to the
threshold value set in "Sensor Threshold Config." tab. If the sample meets that condition, the status for
that sensor (in the same group box) changes to indicate that condition.

10. Low Threshold Monitor Enable

Enables monitoring of that particular sensor for a sample value for that is less than or equal to the
threshold value set in "Sensor Threshold Config." tab. If the sample meets that condition, the status for
that sensor (in the same group box) changes to indicate that condition.

SLAU607-December 2014

16 RF430FRL152HEVM User's Guide
Submit Documentation Feedback

Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU607

13 TEXAS
INSTRUMENTS

www.ti.com Overview

4.7

Sensor Threshold Configuration Tab

Figure 12 shows the Sensor Threshold Configuration tab. A sensor must be enabled in the "Gen. Device
Config" tab to allow the Sensor Threshold Configuration tab to change its threshold.

Light Sensor Low Threshald

0000 h

Digital Sensor 1 Low Threshold

0000 h

Digital Sensor 3 Low Threshold

0000k

r = = = = = =
# GUI using TRF7970EVM to interface to RF430FRL15xH - l‘c‘ =l g
|||Setep | Demo Mode | Gen. Devioe Corf | Sensar Corfig. | Aam Corto
Block 3 Block 4 Block 5 Block &
Custom Time Register Themistor/ADC2 High Intemial Temp. High Threshold Digital Sensor 2 High Threshold
Threshold
(1] 0 ms 0000 0000k 0000h
Decimal
Reference/ADC1 High Themistor/ADC2 Low Intemal Temp. Low Threshald Digital Sensor 2 Low Threshald
Threshold Threshold
2] 0000h 0000h 0000h 0000h
Reference/ADCT Low Light Senser High Threshold Digital Sensor 1 High Threshold Digital Sensor 3 High Threshoeld
Threshold
(5 ] 0000h 0000h 0000h 0000h

| Readoniythistab | [ Wiie onlythistab |

Connect to TRF7970AEVM | [ ReadMiTabs | [ WricAITabs |

% = ¥

Figure 12. Sensor Threshold Configuration

1. Custom Time Register

Available only if the "Frequency Register" has been set to the "Custom Time" option. Resolution is in
milliseconds.

2. High Threshold

If the sensor sample result meets or exceeds the high threshold set here, an alarm is generated.
Operation depends on settings in the "Alarm Control" tab.

3. Low Threshold

If the sensor sample result is lower or meets the low threshold set here, an alarm is generated.
Operation depends on settings in the "Alarm Control" tab.
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4.8 View Sensor Data Tab
After a sampling process has been completed, the logged data can be viewed using this tab (see
Figure 13).

Click the "Read Logged Data" button to display the results in a table to the left of the button. Make sure
that you do not change any settings on the GUI before clicking the button, because the settings are used

to determine what type of sampling process occurred.
P

i3 GUI using TRF7970EVM to interface to RFA30FRLISXH

| Setup | Demo Mode | Gen. Device Corfig | Sensor Corfig. | Alamm Cortrol | Sensor Threshold Corfig. | View Sensor Data

’4@ 25ERh Reference Resistor
F8BZh 2582h Themistor JIBFS231C
F8B4h 24DAh | Light Sensor

After a completion of a sampling process use this page to view the logged data.

J | Read Al Tabs

Close connection to TRF7S70AEVM

Figure 13. View Sensor Data Tab
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5 Setup of Demo System

The following sections describe how to setup a demo with and without the Sensor Hub BoosterPack, and
also for custom configuring and operation of the device.

5.1 Set up the RF430FRL152HEVM With Sensor Hub Demo Using the PC

This section describes how to setup and run the Sensor Hub BoosterPack demo. With this setup, the
RF430FRL152HEVM samples over I°C three different sensors on the SensorHub BoosterPack. They are
temperature and humidity (SHT21) and a light sensor (ISL29023). After collecting the samples, the data is
transmitted over RF to the TRF7970AEVM which reports them to the PC application. Finally the results
are plotted on the graphs.

1. Connect the TRF7970AEVM to the PC with a USB cable.
2. On the RF430FRL152HEVM, use a pencil or pen to position the switches as shown in Table 2

Table 2. Switch Positions For Sensor Hub Operation

Switch ID Position Comment
S6 Supply This will source power from the USB cable
S5 0 Does not matter what state this switch is in
S4 0 Does not matter what state this switch is in
S3 M Device starts in [)C/SPI master mode

3. Attach the Sensor Hub BoosterPack on top of the RF430FRL152HEVM. Make sure that the orientation
is correct (see Figure 14).

4. Connect the RF430FRL152HEVM to the PC using the provided USB cable. Note that this USB
connection is only for the power supply, and no data is passed through it.

5. Position the RF430FRL152HEVM antenna on the antenna portion of the TRF7970AEVM as shown in

Figure 14. It is recommended to have an insulator between the two antennas or to hold them at a
distance from each other to prevent any short circuits.

Figure 14. BoosterPack Configuration

6. Open the RF430FRL15xH GUI Interface application by going to the Start menu—All Programs—Texas
Instruments—RF430FRL152H GUI .

7. Click the "Connect to TRF7970AEVM" button on the bottom of the window.

8. A few seconds after you click the "Connect" button, the label next to the button should show
"Connected to TRF7970AEVM on COMXx". If this is not shown, then a connection has not been made.
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In this case, disconnect the TRF7970AEVM and reconnect it, then restart at step 1. If this still does not
solve the problem, make sure that the TRF7970AEVM has the latest firmware downloaded from the
TRF7970AEVM tool folder.

9. In the "Setup Tab", select the "With Sensor Hub BoosterPack" and "RF430FRL152HEVM" options on
the Device Interface Selection.

10. Select the "Demo Mode" tab.
11. Click the "Start Sensor Hub Demo" button.
12. The GUI starts to plot the temperature and light intensity samples on the graphs.

(a) To plot these values, the PC GUI configures the RF430FRL152HEVM through the TRF7970AEVM
to take three different samples from the Sensor Hub BoosterPack. The RF430FRL152HEVM
already has the drivers loaded into the FRAM to enable the measurements to be made.

(b) When the samples are complete, the PC GUI reads the result from FRAM of the
RF430FRL152HEVM through the TRF7970AEVM and plots it on the graphs in the PC GUI.

13. To change the measurements, you can place your hand over the light sensor or heat the thermistor
(U5).
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5.2 Set up the RF430FRL152HEVM Demo Using the PC

This section describes how to setup and run the sensor demo. With this setup, the RF4A30FRL152HEVM
samples, using the onboard ADC, two external sensors, the thermistor and the light sensor. After
collecting the samples, the data is transmitted over RF to the TRF7970AEVM which reports them to the
PC application. Finally the results are plotted on the graphs. In this demo the RF430FRL152HEVM is run
completely wireless, with no power or data connections.

1. Connect the TRF7970AEVM to the PC with a USB cable.
2. On the RF430FRL152HEVM, use a pen or pencil to set the mini-switches as shown in Table 3.

Table 3. Switch Positions For Passive Operation

Switch ID Position Comment
S6 Battery There is no need for a battery to be present
S5 0 Does not matter what state this switch is in
S4 0 Does not matter what state this switch is in
S3 S Device starts in I’C/SPI slave mode

3. The RF430FRL152HEVM should not be connected to a USB cable for this demo. If itis
connected, set switch S6 to the "Supply" position. The rest of the steps are the same.
Note: If EnergyTrace technology is used, a USB cable should not be used and the EVM must be
powered from the MSP-FET tool.

4. Position the RF430FRL152HEVM antenna on the antenna portion of the TRF7970AEVM as shown in

Figure 15. It is recommended to have an insulator between the two antennas or to hold them at a
distance from each other to prevent any short circuits.

Figure 15. Position the EVMs

5. Open the RF430FRL15xH GUI Interface application by going to the Start menu—All Programs—Texas
Instruments—RF430FRL152H GUI .

6. Press the "Connect to TRF7970AEVM" button on the bottom of the window.

7. A few seconds after you click the "Connect" button, the label next to the button should show
"Connected to TRF7970AEVM on COMX".

If this is not displayed, then a connection has not been made. In this case, disconnect the
TRF7970AEVM and reconnect it, then restart at step 1. If this still does not solve the problem, make
sure that the TRF7970AEVM has the latest firmware downloaded from the TRF7970AEVM tool folder.

8. In the "Setup Tab" select the "Without Sensor Hub BoosterPack" and "RF430FRL152HEVM" options.
9. Go to the "Demo Mode" tab.

10. Click the "Start Demo" button.

11. The GUI starts to plot the temperature and light intensity samples on the graphs.

(a) To plot these values, the PC GUI configures the RF430FRL152HEVM through the TRF7970AEVM
to take two different samples from the analog thermistor and light sensors.

(b) When the samples are complete, the PC GUI reads the result from FRAM of the
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RF430FRL152HEVM through the TRF7970AEVM and plots it on the graphs in the PC GUI.

12. To change the measurements, you can place your hand over the light sensor or press the thermistor

with a finger to affect the temperature result. The light sensor and the thermistor locations on the EVM
are shown in Section 2.

The thermistor temperature measurement may not reach the true skin temperature, because some of
the heat dissipates into the EVM.

The light sensor reading value does not increase in the presence of extra light (for example, if you
shine a flashlight on it), because of design reasons with the light sensor selected for this EVM.
However, the light sensor shows a change for reduced light. Note that the light sensor on the Sensor
Hub BoosterPack does not have this same limitation.
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5.3

Using the PC Application for Advanced Custom Control of the RF430FRL152HEVM

This section describes how to set up the RF430FRL152HEVM for a custom sampling process. The

example used here describes how to perform sampling of three sensors (reference, thermistor, and light
sensor) with four passes at a rate of one sample per second. Various ADC configurations are made using
the "Sensor Config." tab. This is a simple demonstration, and you can create more complex sampling
processes and control as needed.

1.
2.

6.

Follow the steps in Section 5.1 to start the PC application and connect to the TRF7970AEVM.

In the "Setup" tab, make sure that "Without Sensor Hub BoosterPack" and "RF430FRL152HEVM" are
selected.

On the "Sensor Config." tab, for the reference and thermistor group boxes (near the top of the tab),
make the following settings: gain of 2, filter type of CIC filter, oversampling of 256. When gain of 2 is
used, the thermistor and reference input voltage does not use most of the analog voltage range. The
CIC filter allows for shorter conversion times (using 256 oversampling).

For the light sensor configuration, select gain of 1, CIC filter, and oversampling of 256.

Also on the same group boxes, select "Use Virtual Ground". Virtual ground allows the ADC module
and inputs to be raised above ground voltage by several hundred mV. Raising the ground allows the
ADC to more accurately measure voltages near ground. This setting must be chosen, because the
RF430FRL152HEVM was designed with virtual ground powering the thermistor and light sensors (the
SVSS pin is the virtual ground).

Figure 16 shows the "Sensor Config." tab with these settings.

f ~ —_—
*3 GUI using TRF7970EVM to interface to RFA20FRLISxH 00

| Setup | Demo Mode | Gen. Device Corfig | Sensor Corfig. |Nam1 Contral | Sensor Threshold Config. I View Sensor Data

Reference/ADC1 Sensor Corfiguration Register
Gain 2

Filter Type CIC Fitter
Oversampling 256

| Use Virtual Ground

Themistor/ADC2 Sensor Corfiguration Register
- Gain 2
- Fitter Type CIC Filter
- Oversampling 256

V| Use Virtual Ground

-

-

-

Light Sensor Configuration Register
Gain 1

Fitter Type CIC Fitter

Oversampling  256]
| Use Virtual Ground

Time: 128m5*2 Sample Time, 12-bit Accuracy Time: 128m5<2 Sample Time, 12-bit Accuracy Time: 128mS*2 Sample Time, 12-bit Accuracy
Intemal Temp. Sensor Configuration Register Misc Settings Number Of Blocks Received
Initial Delay
Gain 2 0
Initial Delay Enable

Filter Type CIC Filter Intial Delay {ms) 0
Oversampling |64
| Use Virtual Ground EEIENE
Time: 32mS Sample Time, 9bit Accuracy
Sensors Skip Settings

Reference/ADC1 Themistor/ADC2 Light Sensor Skip Intemal Temp. Digital Sensor 1 Digital Sensor 2 Digital Sensor 3

Skip Count Skip Count Count Skip Count Skip Count Skip Court Skip Count

0 0 0
[
The sum of sample times of all sensors must be less than the Frequency (in Gen. Device Config), otherwise a collision will occur. | Read only this tab | | Write only this tab |
Close connection to TRF7370AEVM | | Read All Tabs | | Wiite Al Tabs |

Figure 16. Custom Sensor Configuration Tab

7. Click the "Write only this tab" button on the bottom of the tab.

8. Go to the "Gen. Device Config" tab, and select the "Reference/ADC1", "Thermistor/ADC?2", "Using
Thermistor”, and "Light Sensor" options in the "Sensor Control Register” group box. These settings
determine which sensors are selected to be sampled.

9. Set "Number of Passes Register" to 4. This causes four sampling passes. A pass is sampling each of
the selected sensors in the "Sensor Control Register" once, in the order that they are selected.

10. Set "Frequency Register" to the "Every Second" option. This setting causes the selected delay to
occur between sampling processes.
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11. Check "Start Sampling Process".
12. Figure 17 shows the "Gen. Device Config" tab with these settings.

.
—
*p GUI using TRF7970EVM to interface to RF420FRL15xH x
—

Setup | Demo Mode | Gen. Device Corfig |Sensor Corfig. | Alarm Cortrol | Sensor Threshold Config. I View Sensor Data|

No NFC Bridge Data Received
No Sensor Resutt Threshold Exceeded
No Unexpected Reset Occumed

Interrupt Drive State
(©) Drive @ Hi-Z Deassert

[F] Intemal Temp. Sensar
[] Digital Senser 1
[] Digital Sensor 2
[] Digital Sensor 3

15015653 Send Data
[ Control Intemupt
Set Intemupt

[ Reset [ Bus Test Mode Enable

Mumber of Passes Register MNumber to Average Register Frequency Register

[ Disconnect Battery & Sampling End

Every Second ~ | [E] End Of Sampiing Bxtemal Intemupt Enable

i3 TEXAs
INSTRUMENTS

General Control Register Status Register Sensor Control Register More Registers
Start Sampling Process Data Available Reference/ADC1 Sensor Extemal Intermupt Control Voltage Levels Alert
@ LPM3 ) LPM4 No Overflow Themistor/ADC? Sensor [] External Intemupt Enable [C] VDD2X Low
[] Control Batteny Switch :2 Esl:s;?nSampling temupt Using Themistor l_”te"“.-'pt ﬂss_e"t Level [C] VDDB Low
Close Battery Switch No BIPE Eror Oceurred Light Sensor © Hgh © Low BIPS Cortrol
[] BIP8 Enable

[] BIPE Intemupt Enable
[ Infinite Sampling

[T Enable Watchdog
[ Check For Unexpected Resst || RAM Storage Enable

[ Read only this tab ][ Wiite only this tab ]

Close connection to TRF7S70AEVM J [ ReadMiTabs ||

Write Al Tabs |

Figure 17. Custom General Device Configuration

13. Click the "Write only this tab" button.

14. The sampling process starts. You can click the "Read only this tab" button to check on the status of
the sampling process. While the RF430FRL152H is still sampling, the "Status Register" displays the

text "Sampling in Progress".

15. Continue to click the "Read only this tab" button until the "Status Register” displays the text "Data

Available". The sampling process should take three seconds to complete.

16. When data is available, go to the "View Sensor Data" tab and click the "Read Logged Data" button.
The GUI reads the logged data from the EVM and displays it (see Figure 18). This logged data is not
designed to be human-readable. However, one use case of this function is to show the correlation and
order of data to the sensor that took that data. In the logged data memory, the sensor that took that
sample is not given and must be determined based on the configuration of the settings. However, the

GUI shows which sensor is sampled and the expected order.
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& GUI using TREFSTOEVM Mmmus&” -

| Setup | Demo Mode | Gen. Device Corfig | Sensor Config. | Alam Control | Sensor Threshold Corfig. | View Sensor Data

Address Data Description Comment

» 25ECh Reference Resistor
F8BZ2h 292Fh Thermistor T39°%F/233C
F2B4h 24E0h Light Sensor
F8BEh 25E8h Reference Resistor
FBBEh 292Eh Thermistor T39F/233C
F8BAh 24E1h Light Sensor
FBBCh 25ECh Reference Resistor
FEBEh 2330h Thermistor TISF/233C
FBCOh 24DEh Light Sensor
F8C2h 25EChH Reference Resistor
FBC4h 2333h Thermistor T38F/233C
FBCEh 24E0h Light Sensor

I
Mter a completion of @ sampling process use this page to view the logged data. I
Read Logged Data
E [ Close connection to TRF7970AEVM | [ PeadMiTabs | [ WricAlTabs | 1

Figure 18. Custom View Data
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Figure 20. I°C or SPI Translators Section Schematic
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Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
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documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
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TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331

\_

J



mailto:sales@st-electron.ru

