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1 Introduction

The CC2533 RF4CE Basic development kit (part # CC2533DK-RF4CE-BA) allows you to
evaluate RF4CE remote controls and develop applications based on the RF4CE standard.
The main components of the development kit are a complete RF remote control and a target
module that can be connected to A/V equipments or TV’s.

The development kit also includes the RemoTI software, this software package includes
software and tools required to develop your own remote controls. The CC Debugger is used
for programming and debugging all Chipcon products from Texas Instruments.

2 About this manual

This manual covers the hardware of the CC2533 RF4CE Basic development kit. To use the
development kit the RemoT]I software must be downloaded from http://www.ti.com/remoT].
Separate manuals cover the RemoTI target emulator PC software and the software
development suite.

The complete schematics and layout files for the remote control and the target module is

available from http://www.ti.com/remoTIl. The CC2533EM module reference design files is
available at http://focus.ti.com/docs/toolsw/folders/print/cc2533emk.html
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3 Acronyms and Abbreviations

DK
EM

LED
LPW
MCU
RF
RF4CE
SoC
SPI

TI

TX
UART
USB

Development Kit

Evaluation Module

Inter-Integrated Circuit (communication bus)
Integrated Circuit

Infra Red

Kilo Byte (1024 byte)

Light Emitting Diode

Low Power Wireless

Micro Controller

Radio Frequency

Radio Frequency for Consumer Electronic
System on Chip

Serial Peripheral Interface

Texas Instruments

Transmit

Universal Asynchronous Receive Transmit

Universal Serial Bus
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4 Getting Started

4.1 Development Kit Content

The development kit includes the following main components:

RF remote control

A complete cost optimized RF4CE remote o LLL @8 e LL @D CEEeE
(

control reference design with integrated PCB
antenna. The remote control can be
programmed using the debug interface.

\ Ceﬁ'“ O c 66 6eee o]
'CL%. M )

Target Module

Interface board for connecting 1/O signals to
typical remote applications. The following
interfaces are accessible:

- UART over USB virtual serial port
- UART, CMOS signal level

- SPI

- PC

- IR receiver/transmitter

CC2533EM

This is the CC2533 Evaluation Module (EM)
with the RF IC reference design. Use the EM
as reference design for antenna and RF
layout. To be plugged into the Receiver
module. The CC2533EM module includes
both a no-cost PCB antenna and an SMA
connector with external antenna. The
antenna can be selected with a 0-ohm
resistor. The PCB antenna is used by
default.

CC Debugger

USB Debug Interface for programming and
debugging applications running on the
remote control and target board

For programming the CC Debugger is used

with the SmartRF flash programmer SW

For In-Circuit Emulator the CC Debugger is
used with the IAR embedded workbench
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USB dongle

The USB dongle can be programmed to
replace the functions of the Target Module. It
supports virtual serial port interface and HID
(Human Interface Device) USB profiles. It
can also be programmed to be used as
packet sniffer of RF activity.

In addition the kit includes the following accessories:

2 AA batteries

2 Mini-USB cables, one for the target module and one for the CC Debugger
1 USB extension cable for the USB dongle

1 10-pin flat cable with 2x5 2.54mm connector
1 10-pin flat cable with 2x5 1.27mm connector
1 Converter board 2.54mm-1.27mm connector

The CC2533 RF4CE Basic development kit includes the following software:

Application

Description

Download link and reference

RemoT]I stack
library and sample
applications

The embedded software included
with the remote control and target
board. Allows the development kit to
be used out-of-the-box as an RF
remote control.

SWRC131
http://focus.ti.com/docs/toolsw/fold
ers/print/remoti.html

RemoTI| emulator
PC tool

A PC tool that can be connected to
the USB interface of the target
module to test

Included in the RemoTIl SW
package

SmartRF Packet
Sniffer

A PC tools that can be used to
display all RF4CE packets on the
network. Requires a packet sniffer
hardware adapter to be used with
RF4CE.

http://focus.ti.com/docs/toolsw/fold
ers/print/packet-sniffer.html

www.ti.com/lit/zip/swrc045

SmartRF Flash

Programming tool for programming

http://focus.ti.com/docs/toolsw/fold

Programmer hex files. ers/print/flash-programmer.html
www.ti.com/lit/zip/swrc044

IAR EW8051 C- www.iar.com/ew8051

compiler

Additional CC Debugger and packet sniffer hardware adapters can be purchased from the Tl
eStore on www.ti.com

4.2 The CC2533 Remote Control

The remote control is powered by 2xAA batteries included with the development kit.

Figure 1 shows the key layout of the remote control with some of the important keys.
- Pairing key, pair the remote control with the target

- Packet error rate key, used to start the packet error rate mode. Use this mode to test
range and RF quality. See the RemoTl Sample Application Users Guide (SWRU201)
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Packet Error Rate

for instructions to run the PER and latency test, and the RemoTI Latency and Packet
Error Rate Application Note (SWRA262) for sample measurements.

- On/Off, switches power on the target. Note that most applications can still receive
remote control commands when powered off, but the latency is longer

On/Off

Pairing key

Figure 1: Remote Control Key layout

4.3 The Target Module

The target module includes the following features and interfaces:

Virtual serial port USB interface to allow using a COM port on a PC
I2C/SPI/UART interface for connection to A/V equipment
Flash memory for storage of Over the air (OAD) images and IR codes
1 channel IR drivers and LED for IR repeater function
IR sensor input
o Learning IR code functionality
o Direct translation of IR codes to RF commands
Buttons for reset and pairing
Status LEDs

The target module is powered from the USB interface connected to a PC or a power adapter
with USB interface.

8/25



I3 TEXAS swru266
INSTRUMENTS

EM module,
RF reference design

IR receiver &

Interface connector
/SPI/UART/IZC/IR

IR transmitter

Current
measurement
jumper

USB
Power/interface

Debug/programming
interface

Figure 2: Target module layout

Figure 2 shows the key layout of the target module with some of the peripheral interfaces
highlighted. For details of the target module features, please see chapter 6.

4.4 Installing RemoTl software and Windows drivers

Before connecting the RemoT| target Module to a PC the required drivers for the tool must be
installed. The latest version of the driver is included with the RemoTI software package. It can
be downloaded from http://www.ti.com/remoT].

After the software is installed, the driver files are located at this default location:
C:\Texas Instruments\RemoT\Tools\Driver

For instructions how to install the CC Debugger , please follow the quick start guide included
with the CC Debugger .

The RemoT]I software includes drivers for the target module. It is
highly recommended to install this software before you connect the
target module to the PC.

4.5 RemoTI Software

Included with the RemoTI software package is the Target Emulator application. This
application is located at the C:\Texas Instruments\RemoT\bin folder. The target module is
programmed to be a RF4CE network processor that receives commands from the Target
emulator software and handles the RF4CE protocol

The Target Emulator lets you emulate a remote control on the PC. It displays all messages
sent between the target module and the PC and works in many ways as a system that would
interface to a real life remote control receiver.

The RemoTI software includes RF4CE example software for remote controls and for target

interface. The software is designed to easily allow customized versions of remote controls
and to support a variety of interfaces on the target side.
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The latest version of RemoTI software can be downloaded from the Texas Instruments
website (http://www.ti.com/remoti), where you will also find a complete user manual.

4.6 Installing the target module Windows drivers

Before your PC can communicate with the target modules over USB, you will need to install
the driver files for the target module. Drivers for Windows are included with the installer

A brief set of installation instructions for Microsoft Windows XP will be given here, but
Windows 2000, Windows NT and Windows 98 are also supported.

After you have downloaded RemoTI software from the web, run the installer file and follow the
instructions.

Before connecting the target module to the USB port of the PC, plug the CC2533EM module
onto the target module. The PCB antenna is used by default, hence it is not required to
connect the external antenna. Figure 3 shows a complete assembled target module.

Figure 3: Assembled target module

You can now connect your target module to the computer with a mini-USB cable. A “Found
New Hardware” dialog box will prompt you to locate the missing driver.
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Windaws will zearch far current and updated software by
laoking on vour cormputer, on the hardware inztallation CO, or an
the *Windows Update "web site [with your permizzion).

Read our privacy policy

Cat Windows connect ta Windows Update to search far
software?

{1 ez, this time only

() Yes. now and gvery time | connect a device

Click Mest to continue.

l Mest » l[ Cancel ]

Figure 4: Connecting the target module for the first time (Windows XP)

Select “No, not this time” and continue with “Next”.

Hardware Update Wizard

Thiz wizard helps you install software for;

TUSE3410 Device [COM74)

3;_.'\;| If your hardware came with an installation CD

2 or floppy dizk. inzert it now.

What do ol want the wizard bo do?

{7 Inztall the software automatically [Fecommended]
(&) Install fram a list or specific lacation [Advanced)

Click Mest to continue.

< Back ” Meut » l[ Cancel ]

Figure 5: Select automatic installation of software (Windows XP)

Select “Install from a list or specific location (Advanced)” to install the driver.
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Found Hew Hardware Wizard

Pleaze choose your search and installation options.

(%) Search for the best driver in these locations.

Ize the check boxes below ta limit or expand the default search, which includes local
pathz and removable media. The best diver found will be installed.

[ 1 5earch removable media [floppy, CO-ROM...]

Include this location in the search:

C:hT ewas InstrumentzhBemaT 14T oolz\Driver L

{3 Don't gearch. | will chooze the driver ta install.

Chiooze this option ba select the device driver from a list. Windows doez not guarantes that
the driver you chooze will be the best match for your hardware.

< Back ” Meut » ][ Cancel ]

Figure 6: The driver installation is completed (Windows XP)

Select the following directory <Installation Path>\Tools\Driver for the needed *.inf and *.sys
driver files.

The driver is now installed and the PC is can communicate with target module using a virtual
COM port. Unfortunately Windows does not confirm what COM port the device is assigned to.

To see the COM port number, open the Windows Control panel — System — Hardware —
Device Manager and check the COM port number under Ports (COM and LPT).

The driver is properly installed if the target module is listed under the “Ports(COM & LPT)”
contains “TUSB3410 Device(COM xx)” and that it is not labelled with an exclamation mark. If
there is an exclamation mark, right click with the mouse on the line and choose “update
driver” and follow the instructions above.

L Device Manager

File  Action “iew Help

MW & 2 A

+|-&gp IEEE 1394 Bus haost contrallers S
+-e Keyboards
+- ") Mice and other pointing devices
+|- % Monitars
+-EH8 Mebwork adapters
- Y Ports (COM & LPT)
5 TUSE3410 Device (COM4)
+ ﬂ Processors
+ !j Secure Digital host controllers
+|- 3 Smart card readers "

Figure 7: Correct target module setup (Windows XP)
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4.7 Testing the Remote Control application

You are now ready to use the development kit to test remote control. The RemoT]I software
package includes a remote control target emulator. This is an application that is running on a
PC and emulates TV or A/V equipment. It controls the RemoTI receiver using a serial port
interface. For real applications the target emulator SW will be running on the host processor
of the equipment.

The target emulator can be found in the <Installation Path>\RemoTI\bin folder. For

instructions on how to set up and use the target emulator please see the RemoTI| Target
Emulator Users Guide (SWRUZ202) in the <Installation Path>\Documents\User Guide folder.
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5 Programming and Debugging

5.1 Using the SmartRF Flash Programmer PC software

The SmartRF Flash programmer PC software is used for programming the software on the
remote control and the target module. The RemoTl installation package includes two hex files
in the <Installation Path>\RemoTI\bin folder:

Remote control: rsa_CC2533.hex Remote Sample Application
Target module: rnp_CC2533.hex Remote Network Processor

-{ Texas Instruments SmartRF® Flash P rogrammen E| |E| E|

System-on-Chip | EB application (USE) | EE application [serial] | EE bantloader | MSP430 |

{’
TEXAS
]NSTRUMENTS EB ID | Chip type | EB type EB firmware [0 | EB firmwaare rev
2033 CC Debugger 05CC
Interface:
Fast =
Flazh image: |C:\Te>:asInstruments\HemoTI\bin'\rsa_cc2533.he>: j J

Location
* Primary  Secondary | |EEE 0% o124 00011300 B9

v Retain IEEE address when reprogramming the chip

Wiew Info Page |

Actionz: Flazh lock [effective after program/append):

" Erase and program ‘Wirite protect: |
% Eraze, program and werify

& oo s [~ Block debug commands [incl. read access)

™ ety against hex-fils MNEB: Cannot "Append and werify" when zet!

" Read flash inta hex-file

Perform actionz |

| CC2533 - 103493 IEEE MALC address read successiully
ENEENEEENNEENEEENEENEEENENNEEEEEENNEENEENEEEEEED

Figure 8: SmartRF flash programmer interface

5.2 Programming and debugging the remote control

The CC2533 can be programmed and used as an in-circuit emulator using the debugging
interface on the rear under the battery compartment cover. The CC Debugger is used to
program and debug remote control applications.
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S¥X

Note Pin 1 marking

oL g
1866ngag 99 @

SLNZWNALS

Figure 9: Connecting the remote control to the CC Debugger

Care should be taken when connecting the CC Debugger cable to the remote control. There
is no protection from connecting the cable with wrong orientation. The pin 1 marking on the
CC Debugger adapter board must match the pin 1 marking on the remote control.

On the CC Debugger adapter board pin 1 is marked with a triangle and 1 close to the
connector. On the remote control pin 1 is marked with a circle in the remote control plastic
and 1 on the PCB close to the connector.

The batteries must be inserted in the remote control to provide power to the
target module before programming.

Press the Reset button on the CC Debugger after the USB is connected, the LED on the CC
Debugger should now turn green

5.3 Programming and debugging the target module

The CC Debugger can be used to program and debug applications on the target module. See
Figure 10 for instruction how to connect the CC Debugger. The connectors on both the CC
CC Debugger and the target module are fitted with a sleeve to make sure the cable can only
be fitted with correct orientation.

The USB cable must be connected to provide power to the target module before
programming.

Press the Reset button on the CC Debugger after the cables are connected, the LED on the
CC Debugger should now turn green

15/25



I3 TEXAS swru266
INSTRUMENTS

Figure 10: Connecting the target module to the CC Debugger
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6 The Target Module

The target module is designed to allow flexible interfaces for many common types of

swru266

interfaces used in typical remote control applications. The target module uses a CC2533EM
RF reference design

6.1 Target module hardware description

6.1.1 CC2533EM interface
The signal names for the CC2533EM interface is detailed in Table 1:

EM header | o0l ional | EM header module signal
P1_01 GND P2 01

P1 03 UART_CTS P2 03

P1.05 12C_SCL P2 05

P1 07 UART_RX P2 07 VCC_EM
P1.09 UART_TX P2 09 VCC_EM
P1_11 12C_SDA P2 11

P1.13 IR_OUT1 P2 13

P1_15 P2 15 EM_RESET
P1.17 LEDO P2 17 BUTTON
P1.19 GND P2 19 LED1
P1.02 P2 02 GND

P1 04 FLASH_CS P2 04

P1.06 IR_IN P2 06

P1 08 P2 08

P1.10 DD P2 10

P1 12 DC P2 12 USBM
P1_14 CSN P2 14 USBP

P1 16 SCLK P2 16

P1_18 MOSI P2 18 UART_RTS
P1 20 MISO P2 20

Table 1: EM module interface

Connector P1 and P2 are SMD, 2x10 pin row headers with 0.05in spacing. The part number
is TFM-110-02-SM-D-A-K-TR and it is produced by Samtec, www.samtec.com. The distance

between P1 and P2 is 1200 mils (centre to centre).
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6.1.2 USB

The USB port is used for powering the board and for serial interface to the CC2533. A
TUSB3410 is used to translate the serial port interface to USB interface.

Future versions of the target module may use devices with integrated USB interfaces. In order
to support devices with integrated USB interface 0-ohm resistors are used to select between
interfacing USB directly to TUSB3410 and to the EM connector.

L EM interface
—P1.3
P1.7
——| P1.9
P1 P2
P2.12
P2.14
P2.18——
RTS —
USBP £ 3 USBP
USB TUSB3410 CTS
Interface = SOUT
USBM =N USBM SIN

0-Ohm resistors selects
USB connection

Figure 11: USB interface selection with 0-ohm resistor
6.1.3 Power supply

The board is powered from the USB connector, the voltage is 3.3V. The USB voltage is
regulated using a TPS79333 voltage regulator. The power supply of the board supports
current consumption up to 200mA. A jumper (J1) is mounted on the power supply line to allow
easy measurement of current consumption. Note that when measuring current consumption,
the TUSB3410 USB interface device may draw up to 15mA in active mode.

6.1.4 Interface connectors

A 2x7 pin header, 2.54 mm pitch on the edge of the board (J4) is used for connecting external
equipment to the target module. The board has marking of the pin names as shown in Table
2.

The pinout of the connector is shown in Table 2. EM connector number in parentheses.

Signal name Pin# | Pin# Signal name
GND 1 2 VDD
UART RX(P1.7) 3 4 UART TX(P1.9)
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UART CTS(P1.3) | 5 6 | UART RTS(P2.18)
SPICSN(P1.14) | 7 8 | SCLK(P1.16)
MOSI(P1.18) | 9 10 | MISO(P1.20)
12C SDA(P1.11) | 11 12 | 12C SCL(P1.5)
EM_RESET((P2.15) | 13 14 | IR_OUT1(P1.13)

Table 2: Interface header pinout
6.1.5 Debug interface

A 2x5 pin 1.27 mm pitch header (J5) is used for programming and debugging the CC2533 on
the EM socket. The pinout of this connector is shown in Table 3 below. EM connector pin
numbers in parentheses.

Signal name Pin# | Pin# | Signal name
GND 1 2 VDD
DC(P1.12) 3 4 DD(P1.10)
CSN(P1.14) 5 6 SCLK(P1.16)
EM_RESET(P2.15) 7 8 MOSI(P1.18)
NC 9 10 MISO(P1.20)

Table 3: Debug Header pinout
6.1.6 Dataflash

A 2 megabit serial dataflash on the board interfaces to the SPI. The dataflash used is a
Numonyx M25PE20. The flash SPI interface is connected to the SPI interface on the EM
connector. The flash chip select signal is controlled by the FLASH_CS signal (P1.4). The
dataflash can be used for storing IR code libraries or Over the Air Download (OAD) images if
the devices support downloading new program memory from the RF interface.

EM interface
P1.4
P1 P2
P1.16
P1.18
P1.20
3.3V
3.3V
10K 10K
1S
Ve 10K
—Q Flash /RESET
M25PE20
" (o] —
Vss D

wﬁ

Figure 12: Serial flash interface details
6.1.7 IR Interface

The IR interface includes an IR receiver and 1 channel IR output. The IR receiver is
connected to a timer input capture channel to measure IR signals. The IR output is connected
to a timer output pin to generate IR waveforms.
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The IR receiver is a Vishay TSOP85238. The receiver is optimized for 38 KHz input signal.
The IR input is connected to the IR_IN signal

The IR transmitter is a Vishay TSKS5400S. The diode is only used for short distance IR
signals as the target module is intended to be mounted on the receiver side of the equipment.
The IR diode is controlled by the IR_OUT1 signals. The IR_OUT1 signal is accessible on pin
12 of the interface header connector to allow driving external signals with the IR output.

6.1.7.1 IR transmitter polarity

The target module shipped with CC2533EM has changed the polarity for the 1/O pin driving
the IR signal from active low to active high signal. This change can be implemented on older
target modules shipped with the CC2530EM.

In order to change the polarity of this signal, make the following changes:
e Remove Q1

e Change R18 (1kohm) with a zero ohm resistor
e  Short circuit two pads(marked in red) on Q1 footprint

b Cc10 B?BT U4
| _Short R18 ‘ \
R / Remove .

" W,
| % A// INSI'RUN
TR ErRLC 3221 REMOTI TARGET

u3
c8
3I3VOUTIN 7\ ﬂ (H] o]

Short Q1

Figure 13: Changing polarity of IR control signal to active high

6.1.8 Buttons and LEDs

The target module includes a push button can be used to associate the target board and the
remote control. In addition there is a reset button to reset the board.

The LEDs are controlled by the signals LEDO and LED1. The red LED is marked “STATUS”
and the green LED is marked “LINK”.
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7 Appendix A: Opening the remote control

Yes, we know you will do it... Here are the instructions how to open the remote control
without breaking it.

First insert two thin flat screwdrivers on the bottom of the remote between the two slots. Press
carefully to open the casing on the bottom.

Figure 14: Opening the remote control, step one

When the bottom of the remote is opened, follow the edge around the sides of the remotes
with a flat screwdriver and press carefully to take it apart

LS

Figure 15: Opening the remote control, step two
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8 Appendix B: How to upgrade the target module USB driver

The target module USB driver information is stored an EEPROM for the TUSB3410 USB
interface device. This EEPROM includes Vendor ID, USB ID, USB device name, and serial
number. The EEPROM can be customized by programming the EEPROM via the USB
interface.

To modify the EEPROM content, download the EEPROM burner SW:
http://www.ti.com/lit/zip/sllc259. Install the program on the PC

Remove the CC2533EM from the target module and short the pins 1(GND) and pin 11(12C
SDA) on the interface header to short the EEPROM data signal to GND. Plug in the mini-USB
connector.

Figure 16: Short pin 1(GND) and pin11 (SDA)

The device should now identify as a TUSB3410 device on the PC, and the new hardware
wizard will be displayed. If the wizard is not displayed, go to “Control Panel -> System ->
Device Manager -> Port (COM & LPT) right click on the TUSB3410 Device driver and select
“Update Driver”.

Hardware Update Wizard

v - =
Hardware Update Wizard Hardware Update Wizard

N Please choose your search| g ojoct the device diiver you want to install for this hardware. B

Y

This wizard helps you install soft

3 (O Search for the best diived Select the manufacturer and model of your hardware device and then click Next. If you
TUSB3410 Device (COMSS) oo the check bosas boll ©%e®  have a disk thal cartains the diiver you want to instal, cick Have Disk.

paths and removable med

:\')3 2'5:?;::;’;‘::":':‘:;': ' ' Show compatible hardware
Model }
‘ ¥ TUSB3410 Davice |
‘what do you want the wizard to o Tl TUSB2410 EEPROM Bumer Firmware Loader
O Install the software autom SRl
®finsial from a s of specif Choose this option to seid
@ nstallfrom a st speciig g, e -
) ! /A This driver is not digitally signed!
Click Next to continue. Tell me why diiver signing is important
e e | [

Figure 17: Installing the EEPROM burner driver

The device should now be appearing as an EEPROM burner device in the USB devices
device list.

Start the EEPROM burner software, select the TUSB3410 EEPROM Burner devices from the
device list, 128Kb EEPROM size and load the file

<Installation path>\Tools\Driver\ RemoTI|_TUSB3410_serialized.bin
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Remove the short on the pins 1(GND) and pin 11(12C SDA) on the
interface header before clicking “Program EEPROM”

Tl TUSBxzoo: EEPROM Burner

Select the USE Device: | TI TUSE3410 EEPROMBumer |
Select EEPROM Size: |128kl:uits j
select EEFROM Image: | Diiver\RemoTI_TUSE340_serialized bin Browse |
Erase EEPROM {Program EEPROM:
E xit

Figure 18: Using the EEPROM burner software

After successful programming, unplug the mini-USB cable, mount the CC2533EM on the
target module and plug in the mini-USB cable again. The target module will now appear as a
COM port in the device manager.
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9 Schematic and Layout

The complete design files including schematic and layout for the remote control, target
module, and EM module can be downloaded from http://www.ti.com/remoTI
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