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Configuration methods for BQB RF-PHY testing and
SRRC fixed frequency testing for Tl Bluetooth products
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ABSTRACT
This document was translated from a simplified Chinese source. (ZHCADW2A)

The purpose of this article is to guide customers on how to prepare the tested device and how to configure it
through the tool for Bluetooth RF-PHY certification and State Radio Regulatory Commission (SRRC) certification
testing.

This article uses TI's latest-generation CC2340R5 and SDK7.40 version as examples, but the information
is equally applicable to other Bluetooth products and SDK versions. The methods discussed apply to all Tl
Bluetooth-enabled products, including CC264x, CC265x, CC135x, CC267x and CC23xx families of products.

The article does not cover the code compilation and download processes in detail, as they are all available at
TI's SimpleLink Academy.
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1 Prepare for the test

The test code used for Bluetooth SIG RF-PHY testing and SRRC fixed frequency testing is the routine -
host_test_app. A host computer tool sends 2-wire HCI commands to the chip to configure special modes.

1.1 Download the necessary kits and tools

1. The software project, binary files, and the Btool utility for sending HCl commands are all available upon
installation of the SDK (https://www.ti.com/tool/SIMPLELINK-LOWPOWER-SDK). Download them from the
relevant device product catalog.

2. If IDE software CCS is not installed (https://www.ti.com.cn/tool/cn/CCSTUDIO), the binaries can be
downloaded directly with Uniflash (https://www.ti.com.cn/tool/cn/UNIFLASH).

1.2 Test file

TI provides a pre-compiled host_test_app.hex file tailored to the interfaces and RF configurations of the
corresponding product's development board. If you install SDK in the default directory, it is usually stored in
the following directory:

C:Mti\simplelink_lowpower f3 sdk_7_ 40 00 _64\examples\rtos\LP_EM_CC2340R5\ble5stack\hexfiles

TI LP-EM-CC2340R5 development board is configured as follows, that is, DIO20 and DIO22 are used as UART
interface.

Figure 1-1. UART configuration for LP_EM_CC2340R5

If the user's hardware design changes the mapping for UART, the pre-compiled HEX files are not available and
the project files need to be recompiled based on the custom design. The routine is described as follows:

C:Mti\simplelink_lowpower f3 sdk_7_ 20 00 _29\examples\rtos\LP_EM_CC2340R5\ble5stack\host_test
1.3 Test tools

The tool recommended by Tl is Btool, which is available in the installation directory of the respective SDK.
C:\ti\simplelink_lowpower f3 sdk_7_40 00_64\tools\ble5stack\btool
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If users develop their own tools or use other UART serial tools, they may copy the dumped strings captured from
Btool log to send the command. The following example demonstrates sending a SIG-defined transmission test

packet.

[6] : <Tx> - 11:52:38.383

-Type : 0x01 (Command)

-OpCode : 0x201E (HCI_LE_TransmitterTest)
-Data Length : 0x03 (3) byte(s)

TX Channel : 0x00 (0)

TestData Length: 0x25 (37)

TestData : 02

Dump (Tx) :

0000:01 1E 20 03 00 25 02 .. ..%.

1.4 Hardware environment
Unlike SmartRF studio, which uses JTAG, the tests discussed herein are UART-based HCI command formats.
Therefore, customers must reserve test points for UART interface when designing the circuit boards.

In addition to JTAG, Tl's latest emulator, LP-XDS110ET, comes with a UART-USB adapter. This emulator can be
used as a UART-USB adapter for connection to a host computer or Bluetooth tester. This emulator also includes
a level-shifting circuit. If the interface level of the device under test differs from the default, you can select the

appropriate setting depending on the jumper caps.
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20-pin LP-EM Debug Connector
Together with a LP-EM LaunchPad (sold separately) it allows:
- Deb
10-pin Debug
;(\:Iz\:v‘?::i::;o:n external Power selection
10-pin JTAG debug cable (TGT VDD)
to debug/program a - XDS110
custom board - External
USB Type C port
Reset switch Ly L
Figure 1-2. Interface for default UART
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2 Bluetooth RF-PHY test mode

A product that claims to support Bluetooth at the time of its launch needs to pass Bluetooth certification testing.
RF performance is related to the product hardware, so RF-PHY needs to be fully tested in the test lab.

2.1 Test specification command
The core specifications and test specifications for Bluetooth are available for download on SIG website.
Specifications | Bluetooth® Technology Website

BT5.4 is used in the following example for illustration. The following figure shows commands and return
events for HCI/2-wire UART for RF testing in DTM mode. Specific parameter definitions can be found in the
specifications. It is not described in detail in this article.

Figure 2-1. SIG test command

2.2 Test with Btool
This method can be used for instruments that do not support signaling mode and for laboratory analysis issues.

The connection diagram is shown below:
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Figure 2-2. Non-signaling connection diagram

Testing in DTM mode uses the HCI command set defined by the Bluetooth specifications, as shown in the figure
below:

2.2.1 Transmit HCI_LE_Transmitter_Test

Following BT5, SIG released additional physical layers, including 1M, 2M, and Coded PHY. opCode, matching
with it, is 0x2034 command shown in the following figure. Use HCI_LE_EnhancedTransmitter Test command.
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The specific parameters must be aligned with the test item requirements on the instrument side. For details, refer
to RF-PHY Test Suite.

2.2.2 Receive HCI_LE_Receiver_Test

The received command is shown in the figure below and opCode is 0x2033. It is typically used when manually
testing sensitivity.
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2.2.3 Test End LE_Test_End command

Before switching commands to transmit or receive parameters, you must first execute the Test End instruction in
which opCode is 0x201F. When receiving a test, the return value of the instruction also includes the number of
packets received - LE_Packet_Report. The return value result is used in receiving the PER’s calculation.

2.3 Loopback signaling test of Bluetooth tester

Loopback signaling test is also the most common test method for BQB and OTA antenna testing. All test
instructions are the same as those described in the previous sections, except that HCl commands are sent by
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the instrument. Please ensure that the COM port configuration on the tester matches that of the device under
test.

Figure 2-3. Signaling connection diagram

Note: Figure 2-3 is only an example. In practice, CMW requires XDS110 driver to be installed, which is generally
difficult to implement. Customers need to use a USB-UART adapter supported by the verification instrument
side.
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3 SRRC fixed frequency test

This article focuses on the configuration of test items for State Radio Regulatory Commission, and it is also
applicable to other certifications such as CE and FCC. Readers may configure it using the methods described
below based on the specific testing requirements of the test lab. Typical demands include transmitting and
receiving fixed-frequency modulated signals and non-modulated signals in the high, medium, and low frequency
bands.

For this test, the command set under extended HCI command is used. These are manufacturer-defined
commands when OGF is 0x3F.

3.1 New SRRC rules and applicable terms

A requirement for a yielding mechanism for 2.4GHz Bluetooth device is added to the latest specification issued
by State Radio Regulatory Commission (SRRC), the Ministry of Industry and Information Technology, titled
Technical Requirements for Interference Avoidance in Radio Transmitter Equipment in 2400MHz, 5100MHz and
5800MHz Bands. This requires Bluetooth devices to support Adaptive Frequency Hopping (AFH). AFH is not
yet supported in versions prior to SDK8.30. In that case, users may choose equipment that complies with the
requirements for Class 4: interference mitigation technologies based on other mechanisms. This item is required
to meet an “equivalent utilization” of no greater than 10%.

. w)
EU{M}DC
P]imil(mW)

In the formula, EU is the equivalent utilization and DC is the device duty cycle, where P}, is the equivalent
isotropic radiated power limit at 2400MHz or 5800MHz in the corresponding Annex 1.

Piimit is 100mW for antenna direction gain less than 10dBi.

For devices with an e.i.r.p. of 10dBm (10mW) or less (8dBm for CC2340 series and 5dBm for CC2642 series),
assuming that a maximum antenna direction gain is 0dBi, EU will be less than 10% even if the duty cycle is
100%.

In the latest SDK versions (such as SDK9.x and later), devices that claim to be based on the “detection and
avoidance” mechanism no longer need to consider the duty cycle.
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3.2 Test with Btool
3.2.1 Transmit HCIExt_ModemTestTxCmd

HCIExt_ModemTestTxCmd is used in transmission testing where
cwMode: HCI_EXT_TX_MODULATED_CARRIER is the modulated fixed-frequency signal.

HCI_EXT_TX_UNMODULATED_CARRIER is the non-modulated fixed frequency signal, which can also be used
to test the frequency deviation of high-frequency crystal oscillators.

txRfChannel: this parameter configures the channel of the test signal.

3.2.2 Receive HCIExt_ModemTestRxCmd

HCIExt_ModemTestRxCmd can configure the chip to enter reception mode. txRfChannel parameter configures
the test signals.
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3.2.3 Test End HCIExt_EndModemTestCmd

The test end command is HCIExt_ EndModemTestCmd. It is used when switching transmission and reception
command parameters.

3.3 Implement the test with SmartRF Studio

In addition to using DTM/PTM mode of the code, Tl provides SmartRF Studio tool for debugging the lab’s
transmission and reception. This suite of tools can also be used for RF testing in radio management. SmartRF
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Studio can control the physical layer of the chip directly without the need to download software. However, this
tool needs an emulator, so it must be connected to a computer during testing. Connecting the USB cable may
introduce interference from stray signals. TI recommends to use DTM/PTM mode for radio certification.

Refer to https://www.ti.com/tool/SMARTRFTM-STUDIO for SmartRF studio and user manual
4 Summary

This article provides a concise description of the test process and methodology, so that the reader can minimize
the learning of RF and software to achieve the goal of completing certification testing. For more information, refer
to the relevant documentation in 5 Reference Documentation.

5 Reference documentation

https://www.ti.com/tool/SMARTRFTM-STUDIO

Configuring Bluetooth LE devices for Direct Test Mode

How to Do RF Radio Test With Your Bluetooth Product (Rev. A)

How to Certify Your Bluetooth Product (Rev. K)

https://www.ti.com/tool/LP-XDS110ET

Technical Requirements for Interference Avoidance in Radio Transmitter Equipment in 2400MHz, 5100MHz
and 5800MHz Bands

ok wh =
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