EVM User's Guide: BP-CC1407P

CC1407P BoosterPack™ Plug-in Module

Description

The BP-CC1407P speeds up development for

the CC1407P high-performance sub-1GHz OFDM,
0O-QPSK, and FSK transceiver. The CC1407P
BoosterPack™ can be used together with a host
LaunchPad™ for software development or directly
connected to an XDS debugger for use with
SmartRF™ Studio 8 for RF testing. A TRX host driver
is part of the Simplelink™ TRX plug-in and can be
ported to other MCUs.

Get Started

* Order the BP-CC1407P-8-FE or BP-CC1407P-9-
FE BoosterPack

* Download the SDK listed under "Dependencies” in
the release note for the SimpleLink™ Low Power
Transceiver (TRX) plugin

* Download the comprehensive reference design
files

» See the latest CC1407P product page

Features

» Separate modems and dual IF filters: SUN OFDM,
0O-QPSK, and FSK

* Dual modems enable dual receive capabilities

» Software configurable modem and in-field
upgradable radio transceiver through a secure
serial bootloader (SSBL)

* Includes IEEE and Tl proprietary unique IDs

» Factory-calibrated TX power and
RSSImeasurement

» Sniff mode and dual sync word capabilities
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Applications

Energy infrastructure

— Energy storage systems: Wireless Battery
Management System, Portable power station,

— Smart meters: Electricity meter, Gas meter,
Heat meter, Water meter, Data concentrators

— Solar energy: Solar energy, wireless
communications

— Smart circuit breakers and electrical panels:
Smart electrical panel, Solid state circuit
breaker (SSCB)

Building automation

— Building security systems: Automated door and
gate, Building security gateway, Door and
window sensor, Electronic smart lock, Garage
door system, Glass break detector, IP network
camera; Occupancy detection (people tracking,
people counting)

— HVAC system: Air conditioner indoor unit,
Air conditioner outdoor unit, HVAC controller,
HVAC fluid leak detector, HVAC gateway,
HVAC motor control, HVAC valve & actuator
control, Thermostat, Wireless environmental
sensor

— Fire safety system: Fire alarm control panel
(FACP), Gas detector, Smoke & heat detector

— Lighting: Area & landscape lighting, Exit
& emergency lighting, Lighting sensor,
Residential lighting, Smart plug, Wireless
control

Industrial automation

— Field transmitter and sensor: Flow transmitter,
Position sensor, Level transmitter, Pressure
transmitter, Temperature transmitter,

Medical & healthcare

— Hospital patient care: Electrocardiogram (ECG),
Electronic bed & chair, Multiparameter patient
monitor

Robotics

— Home service robot: Robotic lawn mower,
Vacuum robot

— Humanoid robot: Humanoid robot position
sensor, Humanoid robot sensor module
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1 Evaluation Module Overview
1.1 Introduction

The highest performance design or full entittlement (FE) design covers the broadest customer requirements,
including showcasing the new integrated ultra-LNA (uLNA) that enables the integration of SAW filters without the
drawback of losing 2dB to 3dB of receive sensitivity.

* Longest range (+22dBm transmit)
* Best sensitivity (4dB improvement using uLNA)
* Most robust receive in presence of 5G

1.2 Kit Contents

+ (CC1407P OFDM, O-QPSK, and FSK transceiver

* +14dBm single-ended high efficiency PA for FSK

+ +22dBm differential high power PA for FSK, O-QPSK, and OFDM

» Single-ended RX with uLNA enabled 2-port RF switch controlled directly by the CC140xP
*  SMA connector

* 40-pin dual-gender BoosterPack connectors

1.3 Specification
The BoosterPack has been designed to enable the full performance of the device as follows:

* Up to +16dBm average output power with SUN OFDM
*  Up to +22dBm output power with FSK, O-QPSK, and OFDM-LR
* Up to +14dBm output power in single-ended mode by using the high efficiency PA

1.4 Device Information

Both BoosterPacks include a SAW filter in the receive path. The board targeting the ETSI regulations is
designated with -8 and the board targeting FCC and ARIB is designated with -9.
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2 Hardware

Figure 2-1 shows the location of the CC1407P BoosterPack connectors. The CC1407P RF transceiver and
antenna locations are also shown.

Figure 2-1. CC1407P BoosterPack Connector and User Interface Layout

2.1 Power Requirements

The BoosterPack is designed to be powered from an XDS debugger (LP-XDS110 or LP-XDS110ET) through
the 20-pin edge connector, from a LaunchPad through the GND and 3V3 pin header, or from an external power
supply directly connected to the GND and 3V3 pin header.

When powering from an XDS debugger, the voltage is fixed to 3.3V. When powering from a Launchpad, the
voltage is also fixed to 3.3V if the Launchpad is connected to an XDS debugger. If an external power supply is
used, care must be taken to keep the board voltage within the operating range (1.8V to 3.6V).
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2.2 Hardware and Debug Setup

2.2.1 Setup to use a LaunchPad as the Host Device

The basic hardware setup is a CC1407P BoosterPack stacked on top of a CC13xx LaunchPad (LP-CC1312R?7,
LP-CC1352P7, LP-EM-CC1314R10, or LP-EM-CC1354P10) or a LP-CC2652R7. The LaunchPad acts as the
host MCU for the CC1407P transceiver. The LP-EM-CC1314R10 and LP-EM-CC1354P10 are split LaunchPads,
which means they need to be used together with an XDS debugger (LP-XDS110 or LP-XDS110ET). See Figure
2-2 for one possible setup.

Figure 2-2. CC1407P BoosterPack Stacked on Top of the CC1314R10 LaunchPad (+ LP-XDS110)

2.2.2 Setup to use the BoosterPack with SmartRF Studio 8

An LP-XDS110 or LP-XDS110ET is used to interface between SmartRF Studio 8 and the CC1407P device on
the BoosterPack through the 20-pin edge connector. To use the BoosterPack with SmartRF Studio 8, simply
connect the 20-pin edge connector to the XDS debugger as shown in Figure 2-3 and connect the XDS debugger
to a computer with a USB cable.

Figure 2-3. BoosterPack Connection to XDS Debugger
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2.3 BoosterPack Connection Pinout

The BoosterPack header connection diagram can be seen in Figure 2-4.

Note

DIO2 and DIO3 are used by the CC1407P to control the RF switch.

Figure 2-4. BoosterPack Pinout

Table 2-1 shows which signals are mandatory and which are optional.

Table 2-1. Optional and Mandatory Signals on the BoosterPack

BoosterPack Header Pin Signal Optional/Mandatory
1 3V3 Mandatory
2 DIO4 Optional

6 DIO7 Optional

7 SPI_SCLK Mandatory
14 SPI_POCI Mandatory
15 SPI_PICO Mandatory
18 SPI_CS_N Mandatory
19 DIO5 Optional
20 GND Mandatory
21 5V Optional
22 GND Optional
23 SPI_INT Mandatory
24 DIO3 Optional
25 DIO6 Optional
27 DIO2 Optional
28 DIOO Optional
36 RESET_N Mandatory

Table 2-2 shows what IO functions can be output on the different DIOs.

Table 2-2. Available IO Functions

Available 10 Functions

Description

GPIO_SET 0

GPIO is set high
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Table 2-2. Available 10 Functions (continued)

Available 10 Functions

Description

GPIO_SET_1

GPIO is set low

LOW_PA_AND_HIGH_PA

Goes high when low PA or high PA are enabled

LOW_PA_AND_LNA

Goes high when low PA or LNA are enabled

HIGH_PA_AND_LNA

Goes high when high PA or LNA are enabled

HIGH_PA_AND_LOW_PA_AND_LNA

Goes high when high PA, low PA or LNA are enabled

TCXO_EN®

Goes high when the TCXO needs to be enabled. (only applies if TCXO is selected as
clock source)

INPUT_TRIGGER

Used to trigger the start of commands

SFD

GPIO goes high when the sync word is detected

ENERGY_DETECT

Goes high when energy is detected above the RSSI threshold

PREAMBLE_DETECT

Goes high when the preamble is detected

LNA Goes high when the LNA is enabled
LOW_PA Goes high when the low PA is enabled
HIGH_PA Goes high when the high PA is enabled
RF_TRACE Tracer signal

UNCHANGED GPIO is unchanged

(1)  Using a TCXO as a clock source is currently not supported. When TCXO is supported, only DIO2, DIO3, and DIO6 can be used to

enable it.

2.4 GPIO Connections for CC1407P
Figure 2-5 shows signals to connect between host MCU and the CC1407P.

Figure 2-5. Connections between the CC1407P and the Host MCU
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A description of the different signals is found in Table 2-3.
Table 2-3. Signal Description
CC140xP Pinout Signal Name Comment
RESET_N TRX_RESET CC1407P reset signal
SCLK CONFIG_SPI_CLK SPI Clock
PICO CONFIG_SPI_PICO SPI Peripheral In Controller Out
POCI CONFIG_SPI_POCI SPI Peripheral Out Controller In
CS_N TRX_HOST_SPI_CS SPI Chip Select
DIO1 TRX_HOST_SPI_INT Interrupt signal from the CC1407P to the host (used to signal data is
ready to be transmitted to the host).

2.5LEDs

The BoosterPack includes a red LED and a green LED. The LEDs can be controlled directly by the CC1407P or
connected to GPIOs of the host device.

When two jumpers are placed on P2 as shown in Figure 2-6, the red LED is connected to DIO5, and the green
LED is connected to DIO6. The CC1407P signals that can be routed to the LEDs are shown in Table 2-2.

Figure 2-6. LED Jumpers Mounted on P2

When the two jumpers are removed as shown in Figure 2-7, a jumper cable can be placed on pin 1 of P2 to
connect the red LED to a GPIO of the host device and on pin 3 to connect the green LED.

The examples in the SimpleLink Low Power Transceiver (TRX) plugin use the LEDs of the LaunchPad (host
device) to indicate various events such as packet reception and packet transmission. These signals can instead
be connected to the LEDs of the BoosterPack. Refer to the examples to know which DIOs of host device are
being used for LED control.

Figure 2-7. LED Jumpers Removed from P2
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2.6 RX SAW Filter

The BP-CC1407P-8-FE and BP-CC1407P-9-FE feature a SAW filter connected between the uLNA and RF_N.
The BP-CC1407P-8-FE has a SAW filter with a pass band of 863MHz to 870MHz and the SAW filter on the
BP-CC1407P-9-FE has a pass band of 902MHz to 928MHz. Optionally, the BoosterPack can be used without a
SAW filter by removing the SAW filter (FL2) shown in Figure 2-8 and placing a 100pF 0201 capacitor on C35 and
on C36, as shown in Figure 2-9.

Place a 100pF
0201 capacitor

Figure 2-9. Place C35 and C36
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3 Software
3.1 Getting Started

The best way to start development with your CC1407P BoosterPack is to download the SimpleLink™ Low Power
Transceiver (TRX) plugin. The plugin contains the host driver and examples implemented for the following F2
family devices:

+ CC1312R7
+ CC1352P7
+ CC2652R7
+ CC1314R10
+ CC1354P10

If you want to use the F2 example applications, you must first install the SimpleLink Low Power F2 SDK (install
the version listed under "Dependencies” in the Plugins release note). After installing the SDK, install the plugin in
the same directory as the SDK was installed by default (C:\ti).

The code examples for the CC1407P are found in the following location:
/simplelink_trx_plugin_x_xx_xx_xx\examples/rtos/LP_CCxxxx/trx_prop_rf/

Each example comes with a README.md file with detailed descriptions of the application. Please review the
README file of the example you want to use.

3.2 SmartRF Studio 8

SmartRF Studio 8 is a tool that allows users to perform RF tests and to export PHY configurations through a
graphical user interface. CC1407P devices in SmartRF Studio 8 are supported from version 1.4.0.97.

3.2.1 Code Export from SmartRF Studio

The code export window can be used to export code structures to configure the device and is useful when you
want to generate new PHY settings to integrate into an embedded project or change PHY settings for an existing
code example.

The rfPacketTxGenFSK example from the TRX plugin runs default the 2gfsk50kbps PHY, but can easily be
changed to run with a general purpose PHY generated using SmartRF Studio.

1. Start by importing the rfPacketTxGenFSK from the TRX plugin to your example folder.

Example: C:\CodeExamples\TRX\CC140xP
2. Under PHY SELECTION in SmartRF Studio (see Figure 3-1).
a. Select the General purpose GFSK.
b. Select Create custom PHY, and implement any necessary changes (for this example we are changing
the sync word).
c. Press the "Code Export" button.
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File View Help

CC1407P

PHY SELECTION

# General purpose GFSK

SIMPLELINK CC140X PHY SETTINGS 1.03.00 -

b

v F

BP-EM-CC1407P-SE = Board Editor

PHY PROPERTIES

om PHY

General purpose GFSK

915.000 MHz
14.0 dBm

Disabled

915.000 MHz
50.00000 kBaud

25.000 kHz
85.000 kHz

Enabled

4 bytes
10101010...
32 bits

0xD391D391

Figure 3-1. Export Modified genFsk PHY

Code Export

Remove.. Create custom PHY

3. Input the Output directory and Base file name for the new settings and select File->Save All (see Figure 3-2).

Code Export - SmartRF Studio 8

File View Search

Settings

C:/CodeExamples/TRX/CC140xP/rfPacketTxGenFSK_LP_CC1312R7_freertos_ticlang/source/ti/trx/rfconfig/BP_EM_CC1407P_SE

rcl_settings_genFsk_newSync

Figure 3-2. File Name and Location for Code Export
4. Select the folder where you want to store the files (see Figure 3-3).

T « Windows (C:) > CodeExamples > TRX » CC140xP > rfPacketTxGenFSK LP_CC1312R7 freertos ticlang > source » ti » trx » rfconfig > BP_EM_CC1407P_SE

New folder

Organize ~

& Windows (C)

Name

Date modified Type

Figure 3-3. Output Directory

Size
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5.

Implement the below changes to the rfPacketTxGenFSK (see Figure 3-4).

// LRF register configurations
//#include "source/ti/trx/rfconfig/BP_EM_CC14@7P_SE/rcl_settings_2gfsk5ekbps.h"
#include "source/ti/trx/rfconfig/BP_EM_CC1407P_SE/rcl_settings_genFsk_newSync.h"

/.
/.

/* Size of the PHY configuration structure (found in rcl_settings_2gfskSekbps.h) */
//#define RF_CONFIG_SIZE (LRF_mainRegConfig_2gfsk5ekbps_byteCount)

/* Pointer to the PHY configuration structure (found in rcl_settings_2gfskSekbps.h) */
//#define RF_CONFIG_PTR ((uint8_t *)LRF_mainRegConfig_2gfsk5ekbps)

/* Size of Frontend Configuration structure (found in rcl_settings_2gfsk5@kbps.h) */
//#define FE_CONFIG_SIZE (LRF_frontendRegConfig_2gfsk5ekbps_byteCount)

/* Pointer to Frontend Configuration structure (found in rcl_settings_2gfsk5ekbps.h) */
//#define FE_CONFIG_PTR ((uint8_t *)LRF_frontendRegConfig_2gfsk58kbps)

/* Size of the PHY configuration structure (found in rcl_settings_genFsk_newSync.h) */
#define RF_CONFIG_SIZE (LRF_mainRegConfig_byteCount)

/* Pointer to the PHY configuration structure (found in rcl_settings_genFsk_newSync.h) */
#define RF_CONFIG_PTR ((uint8_t *)LRF_mainRegConfig)

/* Size of Frontend Configuration structure (found in rcl_settings_genFsk_newSync.h) */
#define FE_CONFIG_SIZE (LRF_frontendRegConfig_byteCount)

/* Pointer to Frontend Configuration structure (found in rcl_settings_genFsk_newSync.h) */
#define FE_CONFIG_PTR ((uint8_t *)LRF_frontendRegConfig)

/.
/.

cmdTx.slot = TX_CMD_SLOT;

cmdTx.cmd_id = TRX_RadioCommand_Transmit;
cmdTx.enable_on_true = false;

cmdTx.enable_on_false = false;

cmdTx.enable_on_compare = false;

cmdTx.trigger = Command_Trigger_Immediate;
cmdTx.conflict_policy = TRX_ConflictPolicy_AlwaysInterrupt;
cmdTx.allow_delay = false;

cmdTx.params.tx.phy@.config_id = RF_CONFIG_ID;

//cmdTx.params.tx.phy®.option_mask = TRX_PHY_FEATURE_WHITENING_DISABLED 2GFSK5EKBPS;
cmdTx.params.tx.phy@.option_mask = TRX_PHY_FEATURE_WHITENING_DISABLED;

cmdTx.params.tx.pa = TRX_TxPa_High; //see also TRX_TxPa in TRX.h
cmdTx.params.tx.stream_id = TX_STREAM_ID;
cmdTx.params.tx.frequency = RF_FREQUENCY_KHZ;
cmdTx.params.tx.modem = TRX_RadioCommand_Modem_FSK;
cmdTx.params.tx.power.rawValue = TRX_MAX_POWER;

Figure 3-4. Necessary Code Changes
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3.3 Transceiver Firmware Update

Although TI owns the development of the firmware running on the CC1407P, the end user still plays a critical
role in the security story of the device.

Your CC1407P comes preloaded with trusted firmware, but updates from TI, which can provide additional
security or additional features, are supported. The CC1407P comes equipped with a Secure Serial Bootloader
(SSBL). An example, ssbl_host, is available in the TRX plugin, that can be used to download new firmware.
SmartRF Studio 8 can also be used to update the transceiver firmware.

Note
If you are not able to update the firmware using SmartRF Studio or the ssbl_host, please contact TI.

3.4 Updating the Transceiver Firmware using SmartRF Studio 8

1. Connect the CC1407P BoosterPack to the XDS110.
2. Open SmartRF Studio 8.
3. Under device selection, the CC140xP device and the current firmware version is shown (Figure 3-5).

SmartRF Studio 8 v1.4.0 - Texas Instruments

File Tools Themes Help

DEVICE SELECTION

-~

W 2.4 GHz
@ Sub-1GHz
& C
& C
%W ccr4o07p
#3 XD
Update FW

Figure 3-5. Device and Current Firmware Version
4. Select the "Update FW" button.
5. SmartRF Studio for CC1407P includes a firmware version and is shown under "Included firmware version"
(Figure 3-6). If the CC1407P needs to be updated with a different firmware, select "Firmware update binary
file" and select the location of the binary file.

Update Transceiver Firmware X

XDS110 - LS460007
CC1407P

Select either a firmware version included with SmartRF Studio

® Included firmw ion: 3.00.00.25

Firmware update binary file:

Press "Update” to start the update

Figure 3-6. Included Firmware Version
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6. Select "Update".

7. If the update is successful, the message "Update completed successfully" is shown (Figure 3-7).

Update Transceiver Firmware X

XDS5110 - L5460007

CC1407P

th SmartRF Studio mer or another fir

3.00.00.25

Update completed successfully

Figure 3-7. Update Completed Successfully
8. In the main SmartRF Studio window, the new firmware version is shown for the device.

SmartRF Studio 8 v1.4.0 - Texas Instruments

File Tools Themes Help

DEVICE SELECTION

SHz
@ Sub-1GHz

B ccrao7p
*__II-I*

Update FW

Figure 3-8. New Firmware Version

3.5 Updating the Transceiver Firmware using the ssbl_host Example
Software requirements:

« CCS
* Uniflash
« Signed CC1407P firmware binary image

In this example the LP-EM-CC1314R10 is used as the host device; however, the other supported host devices
can also be used.

Steps to perform firmware update using the ssbl_host example:
1. In CCS, import the SSBL host example found at the following location:
<plugin_install_dir>\examples\rtos\LP_EM_CC1314R10\trx_prop_rf\ssbl_host

2. Build the project.
3. Flash the CC1314R10 device with the built hex or out file.
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4. In the ssbl_host project, verify where the transceiver firmware is expected to be located in the CC1314R10
flash memory.

In ssbl_host_main.c, search for the variable trxFwUpdateBuffer. The address this variable points to is where
the transceiver firmware binary is flashed to in the CC1314R10 device using Uniflash.

static const uint32_t *trxFwUpdateBuffer = (uint32_t *)exleeee;

5. Open Uniflash, select the device you are using, and select "Start" (Figure 3-9).

v New Configuration

& selected Device: LP-EM-CC1314R10 (LaunchPad)

Q Selected Connection: 9 Texas Instruments XDS110 USB Debug Probe (Auto Selected)

e Start Edit

Figure 3-9. Select Device in UniFlash
6. Flash the signed CC1407P firmware binary image to address 0x10000. If the address that
trxFwUpdateBuffer points to has changed, make sure to use the new address.

Select "Load Image" after you have selected the binary (Figure 3-10).
) CCstudio Uniflash — O X

UniFlash Session ~  About @ Help £ Seuings

Configured Device : Texas Instruments XDS110 USB Debug Probe > CC1314R10 [more info] [download cexml] Cortex_M33_0
‘ Program Select and Load Images

Settings & Utilities Flash Image(s)

Memory trx_fw_update_final_3_00_00_25_ga.bin CRC32: 79EBA386 Size: 91.00 KB | Binary: | Load Addr: Oanoq b4

Standalone Command Line
Available Action(s) - 1 Image Selected

Load Image Verify Image

Figure 3-10. Load Flash Image

The signed binary image, trx_fw_update_final_3 00 _00_25 ga.bin, can be found under:
<install_dir>\SmartRF Studio 8\sdk support_defs\simplelink_cc140x_phy_settings 1 03 00

7. The CC1314 device now contains the ssbl_host and the CC1407P firmware binary image.

8. Mount the CC140xP BoosterPack on top of the CC1314 LaunchPad.

9. Press the XDS110 reset button.

10. The red LED on the LaunchPad turns on once the firmware update process begins. After a couple of
seconds, the red LED turns off and the green LED on the LaunchPad blinks if the update process was
successful.
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3.6 Porting Guidelines

A TRX Host RF Driver is included in the TRX plugin. This driver is a simplified interface for controlling

the CC1407P over SPI. The API supports initializing the TRX, scheduling RF commands, and several utility
functions including time synchronization. The Platform Hardware Abstraction Layer (HAL) provides the TRX Host
Driver with access to hardware resources through a common interface. These resources are largely used to
facilitate communication between the Host and the CC1407P, including resources such as SPI and GPIO. Users
must implement this interface according to their hardware specifications. Porting guidelines are included as part
of the TRX Host RF Driver documentation in the TRX plugin:

<plugin_install_dir>\docs\trx_prop rf\html\platform-hal.html#platform-hal-porting-guidelines
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4 Hardware Design Files
4.1 Schematics

Figure 4-1, Figure 4-2, and Figure 4-3 show the schematic implementation of the BP-CC1407P-8-FE and Figure 4-4, Figure 4-5, and Figure 4-6 show the
schematic implementation of the BP-CC1407P-9-FE.

The full BP-CC1407P-8-FE and BP-CC1407P-9-FE reference schematic can be downloaded here: BP-CC140XP-X-FE.
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VDDR Decoupling Capacitors ki
Pin 32 ?

VDDS Decoupling Capacitors
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FL1 T Pin 8 Pin 13 Pin 21 Pin 36 Pin 5 Pin 37

FL8
BLMO3AG700SN 1
LvoDs HPA

ca — c40

100nF DNM

‘ BLMO3AGT00SN1 ‘ BLMO3AGT00SN1
VDDR_P37 VDDR_LNA

Lcﬁg cr
10uF

BLMO3AG700SN1 FLe

R e I
=i

=]
=]
o
o

qH—;g—
P

oOptional noise
supression VDDS P8

c3s ——c6

im?

i
zo
g
g
2
|
I
- By
2R
E
o
1] =
=
4
g

VDDS_HPA

c13
100pF

QPTIONAL:
When using the internal LDO
instead of DC/DC converter,
L8 must be removed and C22
placed close to pin 32.

LFB21892MBGGFI64

U2A

ut

| vei .ij RX_PA_ENABLE
= e
vez b HFA_ENABLE B —

L7 ci18 22_DBM_PA{ 9.1nH 100pF

|~

gg VDDS_DCDC PA_P
J GND_DCDC PAN

DCDC_SW =
v DORG W — 20 | notic: s

V%DS
J' VDDR
ULNA_IN
QJ* VDDR ULNA_OUT
RF1
11nH 100pF 5
3 ™ RFC : e : i1

10uF 100nF
WVDDH_PS 5 VDDR_RF GND_ULNA !
SicliE % =g i
~—\bps | VDDR_AF ) I wAPA 5|

ol

—C21

5

e JL16 c45 ca
5100nH — —1.8pF

ATCE6016 —=

k=

2
73| VDDS AXTX
F

VDDS

5| VDDS_RF
38 | yoos_RF

’7* vDDD
C26 Bl i

CC1407PTIRKP

“Hiu

OPTIONAL:
2 SAW filter (FL2) is mounted by default.
The board can be used without a SAW filter
by removing FL2 and mounting C35 and C36.

L13 cz7
7.5nH 100pF
A |

c30
3.9pF

c29
The reference design has the option 7.5pF
to use a crystal (Y1) or a TCXO (¥2)
to clock the device. Only one is
needed.

i1 —

By default the board is configured
for the crystal.

Configuration for TCXO:
Remove R17 and R18
Assemble R21

TCXO power options:
1. with VDDS: assemble R19 & remove R20
2. with DIO7: assemble R20 & remove R19

Figure 4-1. BP-CC1407P-8-FE Schematics Page 1
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RoosterPack Headers

VDD  soosterPack Fin Numbering

= a7
 — 21

i

BoosterPack Pin Numbering

and Peripherals

R6
1 2 40 2 20 o
DIO4 z 3 ! 39 4 19 — Dios
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DIO7 R26 —0 6 E § HST_BF 35 1215 PI_FICO
SPI_SCIK — 7 13 DIO2 DICS 34 4 14 FT_FOCIH For bench test
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10 11 —
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vDDS
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56k R3—0 2 1
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B - —T
SPLINT 12 | bios CcS N :% 3
HPA_ENABLE DIo2 SCLK oLb L oonE
RX_PA ENABLE 55| DIO3 PICO SPL_PICO A28 | 2o
DI04 DIO4 POCI H 180 [ 250
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DIO6 55| DIO6 =
DIO7 — DIO7
o™ o™
ZWcCRs  ZWCRs
CLK_OUT is a 1.2 V signal. Green LED _ e Red LED
leave floating or grounded.
Figure 4-2. BP-CC1407P-8-FE Schematics Page 2
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Figure 4-3. BP-CC1407P-8-FE Schematics Page 3
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The reference design has the option
to use a crystal (Y1) or a TCXO (¥2)
to clock the device. Only one 1s
needed.

By default the board is configured
for the crystal.

Configuration for TCXO:
Remove R17 and R18
Assemble R21

TCXO power options:
1. with VDDS: assemble R19 & remove R20
2. with DIO7: assemble R20 & remcve R19

48MHz

e —

Figure 4-4. BP-CC1407P-9-FE Schematics Page 1
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Figure 4-5. BP-CC1407P-9-FE Schematics Page 2
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Figure 4-6. BP-CC1407P-9-FE Schematics Page 3
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4.2 PCB Layouts

The top-side and bottom-side PCB layout view of the BP-CC1407P-8-FE and BP-CC1407P-9-FE can be seen

in Figure 4-7 and Figure 4-8, respectively. The full layout files can be downloaded from http://www.ti.com/tool/
BP-CC1407P-X-FE.

Figure 4-7. Top-Side PCB Layout View
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Figure 4-8. Bottom-Side PCB Layout View
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4.3 Bill of Materials (BOM)

The bill of materials for BP-CC1407P-8-FE and BP-CC1407P-9-FE are the same except for the SAW filter (FL2) and the component mounted on R27.
Table 4-1 shows the common components. Table 4-2 shows the different components used for BP-CC1407P-8-FE and Table 4-3 shows the different
components used for BP-CC1407P-9-FE.

Table 4-1. Bill of Materials (Common Components)

Quantity

Designator

Value

Description

Manufacturer

Part Number

C1C2C3C4C7C20C33

100nF

CAPACITOR, CERAMIC X7S,
100nF, -10%/+10%, 10V, -55DEGC/
+125DEGC, 0201, SMD

MURATA

GRMO033C71A104KE14D

C5Ce6

1nF

CAPACITOR, CERAMIC COG/NPO,
1nF, -5%/+5%, 25V, -556DEGC/
+125DEGC, 0201, SMD

MURATA

GRMO0335C1E102JA01D

C9 C13C18 C19 C27

100pF

CAPACITOR, CERAMIC COG/NPO,
100pF, -2%/+2%, 50V, -55DEGC/
+125DEGC, 0201, SMD

MURATA

GRMO0335C1H101GA01D

C21 C22 C39

10uF

CAPACITOR, CERAMIC X6S,
10uF, -20%/+20%, 6.3V, -55DEGC/
+105DEGC, 0402, SMD

MURATA

GRT155C80J106ME13D

C23 C25

4.7uF

CAPACITOR, CERAMIC X6S,
4.7uF, -20%/+20%, 6.3V, -55DEGC/
+105DEGC, 0402, SMD

MURATA

GRM155C80J475MEAAD

C24

1.4pF

CAPACITOR, CERAMIC COG/
NPO, 1.4pF, -0.1pF/+0.1pF, 50V,
-55DEGC/+125DEGC, 0201, SMD

MURATA

GRMO0335C1H1R4BA01J

C26

1uF

CAPACITOR, CERAMIC X7R,
1uF, -20%/+20%, 6.3V, -565DEGC/
+125DEGC, 0402, SMD

MURATA

GRM155R70J105MA12D

C28

5pF

CAPACITOR, CERAMIC COG/NPO,
5pF, -0.1pF/+0.1pF, 50V, -56DEGC/
+125DEGC, 0201, SMD

MURATA

GRMO0335C1H5R0BA0O1J

C29

7.5pF

CAPACITOR, CERAMIC COG/
NPO, 7.5pF, -0.1pF/+0.1pF, 50V,
-55DEGC/+125DEGC, 0201, SMD

MURATA

GRMO0335C1H7R5BA01J

C30

3.9pF

CAPACITOR, CERAMIC COG/
NPO, 3.9pF, -0.1pF/+0.1pF, 50V,
-55DEGC/+125DEGC, 0201, SMD

MURATA

GRMO0335C1H3R9BA01J
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Table 4-1. Bill of Materials (Common Components) (continued)

Quantity Designator

Value

Description

Manufacturer

Part Number

C34

10nF

CAPACITOR, CERAMIC X7R,
10nF, -10%/+10%, 10V, -55DEGC/
+125DEGC, 0201, SMD

MURATA

GRMO033R71A103KA01D

C45 C46

1.8pF

CAPACITOR, CERAMIC COG/
NPO, 1.8pF, -0.1pF/+0.1pF, 50V,
-55DEGC/+125DEGC, 0201, SMD

MURATA

GRMO0335C1H1R8BA01J

CR2 CR3

TPDGEO04RSE

DIODE, PROTECTION, ESD
ARRAY - 6 CHANNELS, VCC:0.9V
TO 5.5V, VBR:7V, -40DEGC/
+85DEGC, QFN8, SMD

TEXAS INSTRUMENTS

TPDGEO04RSER

CR4

150060VS55040

OPTO, LED, SINGLE, GREEN,
573nm, AllnGaP, 2V, 0.02A,
0.048W, 0603, SMD

WURTH

150060VS55040

CR5

150060RS55040

OPTO, LED, SINGLE, RED, 624nm,
AlinGaP, 2V, 0.02A, 0.048W, 0603,
SMD

WURTH

150060RS55040

FL1 FL5 FL7 FL8 FL9

BLMO3AG700SN1

FILTER, EMI, FERRITE BEAD,
70@100MHz, 0.2A, -55DEGC/
+125DEGC, 0201, SMD

MURATA

BLMO3AG700SN1D

J1J2

§SQ-110-23-L-D

CONNECTOR, HEADER, FEMALE,
STRAIGHT, 2 ROW(S), 20 PIN(S),
2.54mm, PTH

SAMTEC

SSQ-110-23-L-D

J4

SFH11-PBPC-D10-RA-BK

CONNECTOR, HEADER, FEMALE,
RIGHT ANGLE, 2 ROW(S), 20
PIN(S), PITCH 2.54mm, PTH

SULLINS

SFH11-PBPC-D10-RA-BK

J7

SMA-10V21-TGG

CONNECTOR, COAX, RF,
FEMALE, STRAIGHT, 1 PIN(S),
SMD

HUS-TSAN

SMA-10V21-TGG

J8 J9

PPTCO31LFBN

CONNECTOR, HEADER, FEMALE,
STRAIGHT, 1 ROW(S), 3 PIN(S),
PITCH 2.54mm, PTH

SULLINS

PPTCO31LFBN-RC

L7

11nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 11nH, -5%/
+5%, 0.3A, -55DEGC/+125DEGC,
0201, SMD

MURATA

LQPO3HQ11NJO2D
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Table 4-1. Bill of Materials (Common Components) (continued)

Quantity Designator

Value

Description

Manufacturer

Part Number

L8

2.2uH

INDUCTOR, POWER, METAL
ALLOY POWDER CORE,
SHIELDED, 2.2uH, -20%/+20%,
2.5A, -40DEGC/+125DEGC, 0805,
SMD

MURATA

DFE21CCN2R2MELL

L9

11nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 11nH, -5%/
+5%, 0.25A, -55DEGC/+125DEGC,
0201, SMD

MURATA

LQPO3TN11NJO2D

L10

39nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 39nH, -5%/
+5%, 0.15A, -55DEGC/+125DEGC,
0201, SMD

MURATA

LQPO3HQ39NJ02D

L1

8.2nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 8.2nH, -5%/
+5%, 0.25A, -55DEGC/+125DEGC,
0201, SMD

MURATA

LQPO3TN8N2J02D

L12

5.6nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 5.6nH, -5%/
+5%, 0.4A, -55DEGC/+125DEGC,

0201, SMD

MURATA

LQPO3HQ5N6J02D

L13

7.5nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 7.5nH, -5%/
+5%, Ir:0.4A, -55DEGC/+125DEGC,
0201, SMD

MURATA

LQPO3HQ7N5J02D

L14

1.5nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 1.5nH, -5%/
+5%, 0.6A, -55DEGC/+125DEGC,

0201, SMD

MURATA

LQPO3TN1N5B02D

L15

9.1nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 9.1nH, -5%/
+5%, 0.25A, -55DEGC/+125DEGC,
0201, SMD

MURATA

LQPO3TN9N1J02D
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Table 4-1. Bill of Materials (Common Components) (continued)

Quantity Designator

Value

Description

Manufacturer

Part Number

L16

100nH

INDUCTOR, RF, NON-MAGNETIC
CORE, UNSHIELDED, 100nH, -5%/
+5%, 0.08A, -55DEGC/+125DEGC,
0201, SMD

MURATA

LQP0O3TNR10J02D

M1 M2 M3 M4

DCB-12D

MECHANICAL, ACCESSORY,
SPACER SUPPORT, PCB DIA.
3mm, NYLON 66, NPTH

SUZHOU SOLY ELECTRICIAN

DCB-12D

M5 M6

SNT-100-BK-G

MECHANICAL, SHUNT, CURRENT
RATING 4.3A PER PIN, 2.54 X 5.08
X 6.1mm, BLACK

SAMTEC

SNT-100-BK-G

P2

BB02-HJ041-KB1-603000

CONNECTOR, HEADER, MALE,
STRAIGHT, 2 ROW(S), 4 PIN(S),
PITCH 2.54mm, PTH

GRADCONN

BB02-HJ041-KB1-603000

R4 R12 R17 R18

RESISTOR, THICK FILM, JUMPER,
0, OR/+0.05R, 0.05W, 1A,
-565DEGC/+155DEGC, 0201, SMD

VISHAY

CRCW02010000Z0ED

R6 R7 R8 R9 R10 R26 R30 R31

RESISTOR, THICK FILM, JUMPER,
0, OR/+0.02R, 0.063W, 1.5A,
-565DEGC/+155DEGC, 0402, SMD

VISHAY

CRCW04020000Z0ED

R14

56k

RESISTOR, THICK FILM, 56k,
-5%/+5%, 0.05W, 30V, -55DEGC/
+155DEGC, 0201, SMD

VISHAY

CRCWO020156K0JNED

R28

180

RESISTOR, THICK FILM, 180,
-5%/+5%, 0.063W, 50V, -55DEGC/
+155DEGC, 0402, SMD

VISHAY

CRCW0402180RJNED

R29

220

RESISTOR, THICK FILM, 220,
-5%/+5%, 0.063W, 50V, -55DEGC/
+155DEGC, 0402, SMD

VISHAY

CRCW0402220RJINED

SC1

SMS-255F

MECHANICAL, SHIELD, SURFACE
MOUNT SHIELD FRAME, 19.05 X
19.05 X 5.08, SMD

LEADER TECH

SMS-255F

SC2

SMS-255C

MECHANICAL, SHIELD, SURFACE
MOUNT SHIELD COVER, 18.9 X
18.9 X 2, NOT APPLY

LEADER TECH

SMS-255C
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Table 4-1. Bill of Materials (Common Components) (continued)

Quantity

Designator

Value

Description

Manufacturer

Part Number

TR1

LFB21892MBGGF964

FILTER, RF, BANDPASS, 863MHz
TO 928MHz, -40DEGC/+105DEGC,
0805-6, SMD

MURATA

LFB21892MBGGF964

u1

RTC66016

IC, ANALOG, RF, SPDT ANTENNA
SWITCH, 1.2V TO 3.6V /0V TO
0.4V, QFN6, SMD

RICHWAVE

RTC66016

U2

CC1407PT1RKP

IC, ANALOG, CUSTOM, TEXAS
INSTRUMENTS, CC1407P, QFN40-
EP, SMD

TEXAS INSTRUMENTS

CC1407PT1RKP

u3

CAT24C08TDI

IC, MEMORY, EEPROM, SERIAL,
12C, 8kbit, 1k X 8bit, 900ns, 1.7V TO
5.5V, TSOT23-5, SMD

ONSEMI

CAT24C08TDI-GT3

Y1

48MHz

CRYSTAL, RESONATOR,
48MHz, -30PPM/+30PPM,
-40DEGC/+125DEGC, SMD

TAI-SAW

TZ3908AAA043

Y2

48MHz

CRYSTAL, OSCILLATOR, TCXO,
48MHz, -2.5PPM/+2.5PPM, 1.8V
TO 3.3V, -40DEGC/+105DEGC,
SMD

TAI-SAW

TX0678E

Table 4-2. Different Components for BP-CC1407P-8-FE

Quantity

Designator

Value

Description

Manufacturer

Part Number

FL2

SAFFB866MRAOFOA

FILTER, SAW, 50, 866.5MHz,
-20DEGC/+85DEGC, SMD

MURATA

SAFFB866MRAOFOAR1X

R27

RESISTOR, THICK FILM,
JUMPER, 0, OR/+0.05R,
0.05W, 1A, -55DEGC/
+155DEGC, 0201, SMD

VISHAY

CRCWO02010000Z0ED

Table 4-3. Different Componenets for BP-CC1407P-9-FE

Quantity

Designator

Value

Description

Manufacturer

Part Number

FL2

SAFFB915MRAOF0A

FILTER, SAW, 50, 915MHz,
-20DEGC/+85DEGC, SMD

MURATA

SAFFB915MRAOFOAR1X

R27

BLMO3HB191SN1

FILTER, EMI, FERRITE
BEAD, 190@100MHz, 0.15A,
-55DEGC/+125DEGC, 0201,
SMD

MURATA

BLMO3HB191SN1D
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5 Additional Information
5.1 Known Hardware or Software Issues

» Firmware Support for Hardware Design
— RF front-end configuration support only for BP-CC140xP-8-FE. Other RF configurations will be supported
in the future.

It is possible to do testing with the BP-CC140xP-9-FE as well, as the PHY settings are the same. The only
difference between the two designs (-8 and -9) is the SAW filter in RX. Due to the SAW filter, it is important
that the correct frequency is being used. For BP-CC140xP-8-FE, the frequency must be between 862MHz
and 870MHz, and for the BP-CC140xP-9-FE the frequency must be between 902MHz and 928MHz.
Transmitting with the -8 on 915MHz band is not a problem, however receiving is a problem due to the
SAW filter (approximately 40dB degraded signal level). The same applies to -9 on868 MHz band.

Depending on the example and the board, changing the frequency before loading the example can be
necessary.

+ Increased Tx 3" harmonic
— On BP-CC140xP-8-FE Rev. E3 and BP-CC140xP-9-FE Rev. E3, the 3™ harmonic is above the FCC
emissions limits under the following conditions:
* Output power: 14dBm or 13dBm
+ VDDS: 1.83V to 2.2V

The issue is resolved in Rev. A of the development boards.

* API Limitations
— 600us settling time for Wi-SUN MDR RX

» Ferrite Bead on Chip Select Trace
— The BoosterPack headers are not optimal from a RF emission perspective because the headers are
unwanted radiators. To improve the FCC radiated performance with the BoosterPack headers, a ferrite
bead (R27) was added on the chip select trace in the BP-CC140xP-9-FE design.

*  Output Power
— The output power is currently limited to 21.5dBm on the high power PA (to achieve 21.5dBm, external
power supply of 3.6V needs to be used)

— When selecting highest possible output power for an OFDM PHY, the average output power is 16dBm

* Power Consumption
— Due to a known limitation in the Transceiver FW, a workaround is needed in the Host driver to be able to
evaluate standby
» In the project root of the imported example, modify the host driver source file source/ti/trx/host_lite/hal/
platform_spi.c. Replace the function Plat_SPI_assertCs() with the following code

Plat_SPI_Status Plat_SPI_assertCs(Plat_SPI_Handle handle)
unsigned int key;
Plat_Util_startCriticalsection((uintptr_t)&key);
Plat_SPI_Status status = Plat_SPI_Invalid_Handle;

// Restore POCI pull-up before initiating a transaction
restorepPociPullup(Q);

uint32_t elapsedus = 0U;
while (elapsedus < 40)
{

Plat_util_bTlockcpPu(lu);
elapsedus++;

if(NULL != handle)

if(PLAT_SPI_IS_OPEN(handle))
{
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if(PLAT_SPI_IS_TRX_READY (handle))
{

GPIO_write(TRX_HOST_SPI_CS, 0U);
PLAT_SPI_SET_TRX_NOT_READY (handle);

// wait for the TRX to drive POCI low, signalling it is ready
// to receive. This handshake is tied to the CS falling edge;
// continuation transactions reuse the already-Tow CS and must
// not repeat it (see spi_transport transactionCompletecb).
elapsedus = 0U;

status = Plat_SPI_Success;

\l{vh'i1e(OU != GPIO_read(CONFIG_SPI_POCI))

Plat_uUtil_bTlockcpPu(lu);

elapsedus++;

if(elapsedUs >= PLAT_SPI_POCI_WAIT_TIMEOUT_US)
{

// Undo CS assertion and restart the ready timer so
// the caller can retry cleanly.
GPIO_write(TRX_HOST_SPI_CS, 1U);

startReadyTimer (handle);

status = Plat_SPI_Failed;

break;
}
}
h
else
{
status = Plat_SPI_Cs_Not_Ready;
}
else
{

status = Plat_SPI_Failed;

Plat_Util_endCriticalsection((uintptr_t)&key);

return(status);

* Modify the dwellTimeUs variable in the deviceConfig structure in the example to 1000U and change the
powerPolicy field to 1

Note
Not all of the available examples are written in a way that make showcasing Standby mode
possible. The RX examples utilize continuous RX mode, so the CC140xP never enters Standby,
and hence power saving has not been implemented in the application either (Host device never
enters Standby).

Trademarks

BoosterPack™, LaunchPad™, SmartRF™, and Simplelink™ are trademarks of Texas Instruments.
All trademarks are the property of their respective owners.

6 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (September 2026) to Revision A (October 2026) Page

» Updated title from "BP-CC1407P-8-FE and BP-CC1407P-9-FE for CC1407P OFDM, O-QPSK, and FSK
transceiver" to "CC1407P BoosterPack™ Plug-in ModUIE".............coiuiiiiiiiiiiiee e 0

* Updated Description section to talk about the EVIM .........eeiiiiii et 1

o Updated FEAIUIES SECHION..... ... e et e et e e e e e e e e e e e e e et et et eee e e e e et a e e e e e e aaaaaaaaaaeaes 1
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