EZRadio-DK

SILITON LABS Range Test Demo

EZRADIO® Si4455 Two-WAY AND Si4012/Si4355
ONE-WAY LINK DEVELOPMENT KIT USER’'S GUIDE

1. Overview

Thank you for your interest in Silicon Labs’ EZRadio® product family. The Silicon Labs EZRadio Si4455 Two-Way
Link and Si4012/Si4355 EZRadio One-Way Link Development Kit (P/N EZR-LCDK2W-XXX and P/N 4012-
LCDK1W-XXX) contains everything you need to familiarize yourself with and evaluate the Silicon Labs EZRadio
family. The two-way kit has three versions: one for the 434 MHz band, one for the 868 MHz band, and one for the
915 MHz band. The one-way kit has two versions: one for the 434 MHz band, and one for the 915 MHz band. The
key features of the development kit are as follows:

The baseboards have an LCD display and four LEDs to display information and four push-buttons to
receive user commands. Additionally, the Silicon Labs Toolstick Base Adapter is integrated on the board to
be easily connected to the PC.

The RF pico board provides connection to the radio device (either Si4455 transceiver, Si4355 receiver, or
Si4012 transmitter). All supported types of RF pico boards can be applied to the baseboard.

m The provided software pack contains all the documentation and files needed to develop a user application.
m The kit supports the use of the Silicon Laboratories Integrated Development Environment (IDE) for

software debugging and the use of the Keil & SDCC C compiler, assembler, and linker toolchain.

The kit supports use of the Wireless Development Suite (WDS) for setting radio parameters and managing
application firmware.

The baseboards come with the EZRadio range test demo application. The range test demo implements
Packet Error Rate (PER) measurement. PER is generally used in wireless systems to measure the quality
of the RF link in given circumstances.
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1.1. Kit Contents

Table 1. Kit Contents

Qty Part Number Description
EZR-LCDK2W-434 Si4455 EZRadio Two-Way Link Development Kit 434 MHz
2 |MSC-LCDBB930-PER LCD baseboard with range test demo code
2 |4455-PCE10D434B Si4455 pico board with PCB antenna and SMA connector—434 MHz
2 |MSC-AT50-434 434 MHz antenna
2 |USB-XTEN-MINI USB cable (USBA-USB mini)
6 |AA AA alkaline battery
EZR-LCDK2W-868 Si4455 EZRadio Two-Way Link Development Kit 868 MHz
2 |MSC-LCDBB930-PER LCD baseboard with range test demo code
2 |4455-PCE10D868B Si4455 pico board with PCB antenna and SMA connector—868 MHz
2 | MSC-AT50-868 868 MHz antenna
2 |USB-XTEN-MINI USB cable (USBA-USB mini)
6 |AA AA alkaline battery
EZR-LCDK2W-915 Si4455 EZRadio Two-Way Link Development Kit 915 MHz
2 |MSC-LCDBB930-PER LCD baseboard with range test demo code
2 |4455-PCE10D915B Si4455 pico board with PCB antenna and SMA connector—915 MHz
2 |MSC-AT50-915 915 MHz antenna
2 |USB-XTEN-MINI USB cable (USBA-USB mini)
6 |AA AA alkaline battery
4012-LCDK1W-434 Si4012/Si4355 EZRadio One-Way Link Development Kit 434 MHz
2 |MSC-LCDBB930-PER LCD baseboard with range test demo code
1 |4355-PRXBD434B Si4355 pico board with PCB antenna and SMA connector—434 MHz
1 [4012-PSC10B434B Si4012 pico board with PCB antenna and SMA connector—434 MHz
2 |MSC-AT50-434 434 MHz antenna
2 |USB-XTEN-MINI USB cable (USBA-USB mini)
6 |AA AA alkaline battery
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Table 1. Kit Contents (Continued)

4012-LCDK1W-915 Si4012/Si4355 EZRadio One-Way Link Development Kit 915 MHz
2 |MSC-LCDBB930-PER LCD baseboard with range test demo code
1 |4355-PRXBD915B Si4355 pico board with PCB antenna and SMA connector—915 MHz
1 |4012-PSC10B915B Si4012 pico board with PCB antenna and SMA connector—915 MHz
2 |MSC-AT50-434 915 MHz antenna
2 |USB-XTEN-MINI USB cable (USBA-USB mini)
6 |AA AA alkaline battery

Figure 1. LCD Baseboard (P/N MSC-LCDBB930-PER)

4455-PCE10DBGEE

Figure 2. Si4455 RF Pico Board—868 MHz (P/N 4455-PCE10D868B)

- &

SILICON LABS



EZRadio-DK Range Test Demo

Figure 3. LCD Baseboard with Connected RF Pico Board

The LCD baseboard is a development board that can be used with a connected RF pico board. The development
board has LEDs, push-buttons, an LCD screen, and a buzzer for human interface usage. Silicon Labs Toolstick
Debug Adapter is also integrated on the board to allow easy connection to the PC.

The EZRadio chip is mounted on the RF pico board. Device (board and RF) information of the RFstick is stored in
the on-board EEPROM. The RF pico board can be connected to the LCD baseboard with RFP1 and RFP2
connectors.

For more information on using the LCD baseboard and RF pico boards to develop your own radio application, refer
to the application note, “AN692: Si4x55 Programming Guide and Sample Codes” and “AN746: Si4012
Programming Guide”. The baseboards come with the EZRadio range test demo application; however, be sure to
use the latest version of the application. The user can update the firmware on the boards using the firmware
update functionality of the WDS. For more information on updating the firmware, refer to the "WDS User's Guide
for EZRadio Next Generation".
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2. Range Test Demo

2.1. Basics

As earlier described, the range test demo is used to provide measured results on the quality of the RF link.

The demo uses two RF nodes: the LCD baseboard + RF picoboard. One node is used as the ‘transmitter’ (TX) and
the other as the ‘receiver’ (RX). The Si4455 node can be either a transmitter or receiver. The Si4355 node can be
only a receiver and the Si4012 node can be only a transmitter.

The transmitter sends packets to the receiver repeatedly with half second intervals. The packet includes the
address of the transmitter and number of the sent packet. The packet number increments from packet to packet.

The receiver receives the packet and checks its address. If their addresses match, the packet number is stored. In
two-way development kits, the receiver can send back an acknowledge packet (ACK) to the transmitter. The ACK
packet also includes the address and packet number of the received packet.

PER can be calculated with the following equation:

Pry—P
PER = =X—FRX, 100
Prx
where:
m PER: packet error rate (%).
m  Pry: number of sent packets.

m  Pry: number of received packets.

In two-way development kits the transmitter can calculate PER using the following data:
m Py packet counter to be included in the packet.

m Pry: number of all the received acknowledge packets.

Receiver can calculate PER using the following data:
m  Pqy: packet number included in the last received packet.

m  Pry: number of all received data packets.

2.2. RF and Packet Parameters

This section provides information on user parameters of the range test demo. All the parameters (excluding fre-
guency band and self node address) can be changed in the demo through its menu system (see section “2.4.
Menu System of the Range Test Demo”). The following parameters are available:
m RF parameters
e Frequency band (defined by the HW)
e Communication frequency
e Modulation
e Data rate
e Output power
m Packet parameters
e Packet length
e Maximum number of sent/received packets
e Self node address (defined by the HW)
e Destination node address
Demo parameters are stored in the MCU’s flash memory and restored after power-on reset. Default values are
loaded if no parameters were previously stored in the flash.
It is also possible to define custom RF parameters for communication. Custom parameters can be stored with the
Wireless Development Suite (WDS). For more information on creating and storing custom RF parameters, refer to
the “WDS User’s Guide for EZRadio Next Generation”.
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2.2.1. Frequency and Frequency Bands

The RF pico board has an on-board antenna and RF matching to provide solutions for supported frequency bands.
A stand-alone antenna can also be used with the SMA connector.

Different RF matchings are required for each frequency band. The range test demo automatically reads frequency
band information out of the on-board EEPROM and selects the appropriate frequency range.

Si4x55 devices support the following three frequency bands:
m Low band: 285-350 MHz
m Middle band: 425-525 MHz
m High band: 850-960 MHz

The EZRadio Development Kits are provided for the middle and the high bands; however, the range test demo
supports all the three bands. The demo can be used with low band RF pico boards as well.

The range test demo provides four different selectable frequencies in all the supported bands. Table 2. lists the
available frequencies.

Table 2. Frequency Options for the EZRadio Two-Way Development Kit

Low Middle High
289.28 MHz 433.92 MHz 867.84 MHz
289.43 MHz 434.15 MHz 868.30 MHz
305.67 MHz 458.50 MHz 917.00 MHz
316.67 MHz 475.00 MHz 950.00 MHz

2.2.2. Modulation

User can select from three types of modulation:

m 2GFSK with high precision TX crystal (TX: 30 ppm, RX: 30 ppm)*

m 2FSK/2GFSK (TX: 150 ppm, RX: 30 ppm) *

m OOK
*Note: 2GFSK is supported by Si4x55 devices. 2FSK is supported by Si4012 devices.
2.2.3. Data Rate

The user can select from three different data rates. Table 3 lists the available data rates.

Table 3. Available Data Rates

Modulation
2FSK/2GFSK OOK
(both types)

9.6 kbps 2.4 kbps
38.4 kbps 9.6 kbps
128.0 kbps* 20.0 kbps
*Note: Only supported by Si4x55 devices.
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2.2.4. Output Power

The current version of the range test demo does not support changing the output power. The output power is
defined for +11 dB for all the frequency bands.

2.2.5. Packet Length

The user can define the length of the communication packets. The packet length contains 4 bytes of preamble, 2
bytes of synch word, at least 7 bytes long payload, and 2 bytes of CRC. Increasing the packet length increases the
length of the used payload. The length of the whole packet can be selected from 15 bytes to 72 bytes.

2.2.6. Maximum Number of Sent/received Packets

The user can define the maximum number of sent and received packets. The demo stops after the defined number
of packets received or sent. The following packet counts can be selected: 200, 500, 1000, 2000, 5000, 10000.

2.2.7. Node Addresses

Each node of the range test demo reads the serial number of the connected RF pico board. The least significant
byte of its serial number (0 - 255) is used as node address. The user has to define the address of the destination
node in the menu system to pair the appropriate nodes.

2.2.8. Custom Parameters

As described earlier, the user can store custom RF parameters into the devices with WDS. One custom field is

available in each of the nodes. If custom parameter mode is selected, the RF parameters (frequency, modulation,

data rate) are defined by the stored custom parameters and they cannot be changed.

Note: Since custom parameters belong to a defined frequency band, the firmware goes to error state if the frequency band of
the custom parameters mismatches with the frequency band of the connected RF pico board.

2.3. Error states

In case of critical error, the demo goes to error state. Power-on-reset can force the demo out of error state. In error
state, LED4 is continuously ON and an error message is shown on the LCD screen.

Critical errors:

1. Error message: No RF pico board found! Connect an EZRadio RF pico then Reset!
Cause: There is no supported RF pico connected to the LCD baseboard.
Solution: Connect a supported EZRadio RF pico board (Si4x55 or Si4012) and reset the application.

2. Error message: Not supported radio! Connect a Si4x55 type RF pico then Reset!
Cause: The connected RF pico board holds unsupported radio.
Solution: Connect a supported EZRadio RF pico board (Si4x55 or Si4012) and reset the application.

3. Error message: Not supported custom frequency band! Custom freq band mismatches with RF pico.
Cause: Frequency band of the connected RF pico board mismatches with frequency band of the stored
custom parameters.

Solution 1: Change custom parameters with WDS to match with the connected RF pico board.
Solution 2: Change the connected RF pico board to match with the stored custom parameters.
Solution 3: Use selected parameters instead of the custom parameters.
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2.4. Menu System of the Range Test Demo

After running the demo, the first screen is the Welcome Screen. The Welcome Screen is shown for up to 1.5 sec-
onds or for as long as any of the push buttons are pressed. The second screen provides information on the firm-
ware, covered device name, firmware name, and version number of the firmware is displayed.

Figure 4. Welcome Screen

Figure 5. Firmware Information

The on-screen menu system is designed for easy configuration. The RF and packet parameters of the
communication can be configured as described in the previous sections.

Four push buttons are used to navigate the menu system: soft labels on the LCD screen display the current
function of the related buttons. In general, push button 1 (PB1) is used to go to the previous menu page; push
button 2 (PB2) is used to select between menu items, push button 3 (PB3) is used to change value of the menu
item, and push button 4 (PB4) is used to access the next menu page. Some of the menu items have more than ten
possible values. In such cases, not only PB3 can be used to increase the value of the menu item, but PB2 and PB3
can be used together to decrease its value. To decrease such values, push and hold PB2 and then push PB3
several times to reach the required value.

A small arrow ( — ) points to the actual menu item. The demo can be configured through six menu pages.

The first page is used to select the functionality of the demo. The range test can be performed in single way (TX—
transmit or RX—receive mode)* or bidirectional (TRx—transceiver mode)** radio communication. If custom RF
parameters are stored, the user can choose between “Custom” or “Select” RF parameters. If “Custom” RF
parameters is selected, the user can only check but not change the RF parameters on the following menu pages.

Notes:
1. Si4455 devices can be both transmitters or receivers; Si4355 devices can be only receivers, and Si4012 devices can be
only transmitters.
2. Bidirectional mode is only supported by Si4455 devices.

Figure 6. Menu Page: System Function 1/6
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The frequency and the modulation can be selected on the second menu page. Selectable frequency values belong
to the frequency band of the RF pico board. Modulation can be “2GFSK_I", which refers to 2GFSK with high-preci-
sion TX crystal, “2GFSK_h", which refers to 2GFSK with low cost TX clock, and “OOK”.

Figure 7. Menu Page: RF Parameters 2/6

On the third menu page, only the data rate can be selected by the user. The second menu item only informs the
user about deviation or bandwidth RF parameter, which depends on the selected modulation and data rate.
“Deviation” is shown if the selected modulation is 2GFSK and “Bandwidth” if the modulation is OOK.

Figure 8. Menu Page: RF Parameters 3/6 (Modulation is 2GFSK)

Figure 9. Menu Page: RF Parameters 3/6 (Modulation is OOK)

Figure 10. Menu Page: RF Parameters 4/6 (Output power is not shown in one-way receiver mode)

The fifth and sixth menu page is used to configure the packet configuration of the range test demo. PB2 + PB3
button combo can be used on both pages to decrease the value of the selected menu item.

Packet length and maximum number of packets can be selected according to section “2.2.5. Packet Length” and
section “2.2.6. Maximum Number of Sent/received Packets”. Packet length cannot be set if RX mode operation is
selected previously, since the received packet contains the length information.
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Figure 11. Menu Page: Node Parameters 5/6 (Tx/TRx mode)

Figure 12. Menu Page: Node Parameters 5/6 (Rx mode)

The Self ID field is filled up automatically based on the serial number of the used RF pico board. It is important to
setup the destination ID accurately, otherwise the link will not work. The destination ID has to be the self ID of the
other device.

Figure 13. Menu Page: Node Parameters 6/6

As described earlier, demo parameters are stored in the MCU's flash memory and restored after power-on-reset.
Default values are loaded if no parameters were previously stored in the flash. The default packet configuration of
the demo is the following:

m Destination ID is the same as the Self ID

m Packet length is 15 bytes

m Max. packets is 1000 packets
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2.5. Test Modes

2.5.1. Bidirectional (TRx) Range Test

After the demo is fully configured, it proceeds to the demo screen, where the range test can be started. The screen
is divided into three sections. At the top of the screen, soft labels show the functions of the LEDs. LED1 blinks
when a packet is transmitted; LED2 blinks if a packet is successfully received (with valid CRC and packet content
that matches the expected value).The bar graph under LED3 shows the actual Receive Signal Strength Level
(RSSI) of the received packet (shown and refreshed after a packet is received).

The middle section of the screen shows the part number of the radio and the source / destination addresses with
arrows showing direction of the communication. RF parameters can be checked in the middle section before
transmission / reception is started.

Figure 14. Demo Screen (TRx Mode)

On the bottom of the screen, the soft labels show the actual functionality of the push buttons. PB3 are used to
return to the configuration menu. After entering demo mode, both ends of the link are in receive mode. The test
starts if any of the link nodes starts to transmit ping packets. Transmission can be initiated by pressing PB1. After
that, the originator transmits a ping packet for the other node. If it receives the packet correctly, it transmits back an
acknowledgment packet. Each ping packet has a serial number (increased by the originator after every packet
transmission), which is transmitted back by the acknowledgment packet. If the originator receives the
acknowledgment within a predefined timeout, then it considers the link working, otherwise it increases the number
of missed packets by one. The originator also stores the number of transmitted PING packets so the demo can
calculate the Packet Error Rate based on this information. The Packet Error Rate is updated on the third line of the
LCD after each packet transmission according to PER equation in section “2.1. Basics”.

Figure 15. Running PER Test (TRx Mode)

The demo runs as long as the number of transmitted packets reaches the predefined number or until it is
interrupted by PB1.

The user can check predefined RF parameters of the measurement any time during a running test by using PB4.
PB4 also is used in the info screen to show the actual results of the running measurement. Info screen is also
available after all the packets are transmitted and the test is finished.
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2.5.2. Single Way (Tx-Rx) Range Test

The range test also can be performed with single way radio communication. In this case, one end of the link needs
to be setup as a transmitter (this will be the originator as described in the bidirectional link) and the other end of the
link needs to be a receiver. The test needs to be started at the transmit side by pressing PB1. The demo runs as
long as the number of transmitted or received packets reaches the predefined number or until the demo is
interrupted by PB1. The user can follow the number of transmitted packets on the LCD screen.

Figure 16. Running PER Test (Tx Mode)

The single way range test demo works the same as the bidirectional range test; however, the number of lost
packets and the packet error rate is defined only at the receive side and is based on the first and last received
packet ID.

Figure 17. Running PER Test (Rx Mode)

2.6. How to Carry the Range Test Out

Connect RF pico boards to the two LCD baseboards. Put batteries into the devices and switch the devices on.
Select both devices to be in TRX mode or one of them to be RX and the other to be in TX mode (note that Si4355
base devices can only be receivers and Si4012 devices can only be transmitters). Select the required demo
parameters or start the measurements with the automatically reloaded configuration.

Check if transmitter sends packets and receiver answers as well.

The range test can be performed inside a building if indoor propagation is tested. However, it is advised to perform
the test outside the building, line-of-sight to get the best possible range result. If PER>1%, reset the PER on the
transmitter and try to walk further in the area. Propagation conditions usually improve if the user is further
distanced from a possibly shadowed area.
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3. Schematics

The following pages contain schematics of the RFstick boards.

Complete manufacturing file pack with CAD/CAM files and BOMs can be found at www.silabs.com.
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DOCUMENT CHANGE LIST

Revision 0.1 to Revision 0.2
m Added Si4012 one-way range test demo support.
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NOTES:
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EZRadio-DK Range Test Demo

CONTACT INFORMATION

Silicon Laboratories Inc.

400 West Cesar Chavez
Austin, TX 78701

Tel: 1+(512) 416-8500

Fax: 1+(512) 416-9669

Toll Free: 1+(877) 444-3032

Please visit the Silicon Labs Technical Support web page:
https://www.silabs.com/support/pages/contacttechnicalsupport.aspx
and register to submit a technical support request.

Patent Notice
Silicon Labs invests in research and development to help our customers differentiate in the market with innovative low-power, small size, analog-
intensive mixed-signal solutions. Silicon Labs' extensive patent portfolio is a testament to our unique approach and world-class engineering team.

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice.
Silicon Laboratories assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from
the use of information included herein. Additionally, Silicon Laboratories assumes no responsibility for the functioning of undescribed fea-
tures or parameters. Silicon Laboratories reserves the right to make changes without further notice. Silicon Laboratories makes no warran-
ty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does Silicon Laboratories 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. Silicon Laboratories products are not designed, intended, or authorized for use in applications intend-
ed to support or sustain life, or for any other application in which the failure of the Silicon Laboratories product could create a situation where
personal injury or death may occur. Should Buyer purchase or use Silicon Laboratories products for any such unintended or unauthorized
application, Buyer shall indemnify and hold Silicon Laboratories harmless against all claims and damages.

Silicon Laboratories and Silicon Labs are trademarks of Silicon Laboratories Inc.
Other products or brandnames mentioned herein are trademarks or registered trademarks of their respective holders.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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