AN11942

QN90xx TEST Commands of the Host Controller Interface

Rev. 1.1— February 2018

Document information

Application note

Info

Content

Keywords
Abstract

QN908x, QN902x, BLE, HCI, Host Controller Interface

This document describes the test commands of the Host Controller
Interface to QN90xx controller.

.



NXP Semiconductors

AN11942

Revision history

QN90xx TEST Commands of the Host Controller Interface

Rev Date Description
1.0 06/2017 Initial release
1.1 02/2018 Added clarification on QN902x Vendor Command supporting status

Contact information

For more information, please visit: http://www.nxp.com

AN11942

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.

Application note

Rev. 1.1 — February 2018

20f15


http://www.nxp.com/

NXP Semiconductors

1. Introduction

AN11942

QN90xx TEST Commands of the Host Controller Interface

This document describes the test commands of the Host Controller Interface (HCI).This
is called the HCI which is specified in the BT Core 4.0 specification Volume 2 Part E.
The HCI provides a uniform command interface to a controller. These commands are
vendor-specific commands generally used for testing.
The following flow chart provides an overview of the QN90XX TEST.

PC

Command ) ARX >
| Event
DUT Tester
2. UART setting
Setting Value
Band rate 1. 9600-902x
2. 115200-908x
Data 8 hits
Parity No parity
Stop bit 1 stop bit
Flow control RTS/CTS
3. HCI PDU format
First Last
HCI packet type Packet
. Opcode Parameter total length Parameters
Ox01: HCI command | 5y ioy | (1 byte) 0.1.2.....)
. Event code | Parameter total length Parameters
0x04: HCI event (1bytes) | (1 byte) 012.....)

4. HCI commands and events

4.1 LE receiver test command

Opcode Command parameters
0x1D 0x20 RX_Frequency
Description:

This command is used to start a test where the DUT (Device Under Test) receives test
reference packets at a fixed interval. The tester generates the test reference packets.

Command parameters:
RX_Frequency

Value Parameter description
N = 0xXX N = (F-2402)/2
Range: 0x00-0x27. Frequency range: 2402 MHz-2480 MHz.
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4.2

4.3

QN90xx TEST Commands of the Host Controller Interface

LE receiver test command complete event

Event code Event parameters
Num_HCI_Command_Packets,

O0xOE Command_Opcode,
Return_Parameters

Description:

The command complete event is used by the controller for most commands to transmit
the return status of a command and the other event parameters that are specified for the
issued HCI command.

Event parameters:

Num_HCI_Command_Packets:

Value Parameter description

The number of the HCI command packets that are allowed to be
N = OxXX sent to the controller from the host.
Range for N: 0-255.

Command_Opcode:

Value Parameter description

0x1D, 0x20 Opcode of the command that caused this event.
Return_Parameters:
Status:

Value Parameter description

0x00 LE_Receiver_Test command succeeded.

LE_Receiver_Test command failed. See Core_V4.0, Part D, Error

0x01 — OxFF Codes on page 339 for a list of error codes and descriptions.

LE transmitter test command

Opcode Command parameters
TX_Frequency,

Ox1E, 0x20 Length_Of Test Data,
Packet Payload

Description:

This command is used to start a test where the DUT generates test reference packets at
a fixed interval. The controller shall transmit at maximum power.

The LE controller supporting the LE_Transmitter_Test command shall support the
Packet Payload values 0x00, 0x01, and 0x02. The LE controller may support other
values of Packet_Payload.

Command parameters:

TX_Frequency: 1 octet

Value Parameter description
N = 0xXX N = (F-2402)/2
Range: 0x00—0x27. Frequency range: 2402 MHz-2480 MHz.

Length Of Test Data: 1 octet

Value Parameter description

0x00-0x25 Length of the payload data in each packet (in bytes)

0x26-0xFF Reserved for future use
Packet Payload: 1 octet

Value Parameter description

0x00 Pseudo-random bit sequence 9

0x01 Pattern of alternating bits ‘11110000’

0x02 Pattern of alternating bits ‘10101010’

0x03 Pseudo-random bit sequence 15

0x04 Pattern of all ‘1’ bits

0x05 Pattern of all ‘0’ bits

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.
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0x06 Pattern of alternating bits ‘00001111’
0x07 Pattern of alternating bits ‘0101’
0x08-0xFF Reserved for future use

4.4 LE transmitter test command complete event

Event code Event parameters
Num_HCI_Command_Packets,

O0xO0E Command_Opcode,
Return_Parameters

Description:

The command complete event is used by the controller for most commands to transmit
the return status of a command and the other event parameters that are specified for the
issued HCI command.

Event parameters:

Num_HCI_Command_Packets:

Value Parameter description
The number of the HCI command packets that are allowed to be
N = OxXX sent to the controller from the host.

Range for N: 0-255.

Command_Opcode:

Value Parameter description

O0x1E, 0x20 Opcode of the command that caused this event.
Return_Parameters:
Status:

Value Parameter description

0x00 LE Receiver Test command succeeded.

LE_Receiver_Test command failed. See Core_V4.0, Part D, Error
0x01-0xFF — - —

Codes on page 339 for a list of error codes and descriptions.

4.5 LE test end command
Opcode Command parameters
Ox1F, 0x20 None.

4.6 LE test end command complete event

Event code Event parameters
Num_HCI_Command_Packets,
Ox0E Command_Opcode,
Return_Parameters (Status, Number Of Packets)

Description:

The command complete event is used by the controller for most commands to transmit
the return status of a command and the other event parameters that are specified for the
issued HCI command.

Event parameters:

Num_ HCI _Command Packets: 1 octet

Value Parameter description

The number of the HCI command packets that are allowed to be
N = OxXX sent to the controller from the host.

Range for N: 0-255.

Command_Opcode: 2 octets

Value Parameter description

0x1F, 0x20 The opcode of the command that caused this event.

AN11942 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.
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Return_Parameters:
Status: 1 octet

Value Parameter description

0x00 LE_Receiver_Test command succeeded.

OXO1—OXEE LE_Receiver_Test comma_nd failed. See Core_V4.0, F_’a_rt D, Error
Codes on page 339 for a list of error codes and descriptions.

Number Of Packets: 2 octets

Value Parameter description

OxXXXXX Number of packets received

5. Vendor commands and events

5.1

5.2

5.3

AN11942
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LE QN_REG _RD CMD

OpCode Command parameters
0x30, OXFC Register address
Description:

The LE_QN_REG_RD_CMD command is used by the host to get the value of a specific
register.
Register address: 4 octets

LE QN REG RD CMD CMP_EVENT

Event code Event parameters
Num_HCI_Command_Packets,

OXOE Command_Opcode, _
Return_Parameters (status, register address,
register value)

Event parameters:
Num_ HCI_Command Packets: 1 octet

Value Parameter description
The number of the HCI command packets that are allowed to be
N = OxXX sent to the controller from the host.

Range for N: 0-255.

Command_Opcode: 2 octets

Value Parameter description

0x30, OXFC Opcode of the command that caused this event.

Return_Parameters:
Status: 1 octet

Value Parameter description
0x00 LE_Receiver_Test command succeeded.
OXO1—OXEF LE_Receiver_Test command failed. See Core_V4.0, Part D, Error

Codes on page 339 for a list of error codes and descriptions.

Register address: 4 octets
Register value: 4 octets

LE QN_REG WR_CMD

Opcode Command parameters
Length_Of Parameters,
0x31, OXFC register address,
register value
Description:

The LE_QON_REG_WR_CMD command is used by the host to set the value of a specific
register.

All information provided in this document is subject to legal disclaimers.
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Command parameters:
Length_Of Parameters: 1 octet
Register address: 4 octets
Register value: 4 octets

5.4 LE_QN REG WR CMD CMP EVENT

Event code Event parameters
Num_HCI_Command_Packets,

Ox0E Command_Opcode,
Return_Parameters (status, register address)

Event parameters:
Num HCI Command Packets: 1 octet

Value Parameter description
The number of the HCI command packets that are allowed to be
N = OxXX sent to the controller from the host.

Range for N: 0—255.

Command_Opcode: 2 octets

Value Parameter description

0x31, OXFC Opcode of the command that caused this event.

Return_Parameters:
Status: 1 octet

Value Parameter description
0x00 LE_Receiver_Test command succeeded.

LE_Receiver_Test command failed. See Core_V4.0, Part D, Error
0x01-0OxFF — — or

Codes on page 339 for a list of error codes and descriptions.

Register address: 4 octets

55 LE_QN CFG TEST CMD

Opcode Command parameters
TX_Frequency,
0xF2,0xFF Test_Mode,
Packet Payload

Command parameters:
TX_Frequency: 1 octet

Value Parameter description
N = 0xXX N = (F-2402)/2
Range: 0x00—0x27. Frequency range: 2402 MHz—-2480 MHz.
Test_Mode: 1 octet
Value Parameter description
0x00 Without modulation mode
0x01 With modulation mode
0x02—-0xFF Reserved for future use
Packet Payload: 1 octet
Value Parameter description
0x00 Pattern of all ‘0’ bits
0x01 Pattern of all ‘1’ bits
0x02 Pattern of alternating bits ‘01010101’
0x03 Pattern of alternating bits ‘10101010’
0x04 Pattern of alternating bits ‘00001111’
0x05 Pattern of alternating bits ‘11110000’
0x06 Pseudo-random bit sequence 9
0x07—0xFF Reserved for future use
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5.6 LE QN CFG TEST CMD CMP EVENT

Event code Event parameters
Num_HCI_Command_Packets,

O0xOE Command_Opcode,
Return_Parameters (status)

Event parameters:
Num_ HCI_Command Packets: 1 octet

Value Parameter description
The number of the HCI command packets that are allowed to be
N = OxXX sent to the controller from the host.

Range for N: 0-255.

Command_Opcode: 2 octets

Value Parameter description

OxF2,0xFF Opcode of the command that caused this event.

Return_Parameters:
Status: 1 octet

Value Parameter description

0x00 LE_Receiver_Test command succeeded.

0X01—OXEF LE_Receiver_Test command failed. See Core_V4.0, Part D, Error
Codes on page 339 for a list of error codes and descriptions.

The QN902x currently does not support the (OXxFFF2) command.
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6. Message sequence charts

6.1 Output power at NOC (Normal Operation Condition)

PC DUT Tester

LE Transmitter Test Command:
01 1E 20 03 00 25 00
4 >
P >
- LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet =
LE Test Packet :
—
LE Test Packet S
0 L
.
.
LE Test Packet -
2402 LE Test End Command: e
01 1F 20 00
MHz -
P »
)
LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
LE Transmitter Test Command:
011E2003 13 2500
a »
P L
- LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet R
LE Test Packet :
—
LE Test Packet Q
. »
.
.
LE Test Packet -
2440 LE Test End Command: >
MHz 011F 2000 o
~ »
Y
LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
LE Transmitter Test Command:
s 01 1E 2003 27 25 00
A
d
N LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet -
LE Test Packet 4
»
LE Test Packet -
0 —
.
.
LE Test Packet .
2480 LE Test End Command: >
MHz 011F 2000
A .
d
N LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
—— —— ——
AN11942 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.
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6.2 Carrier frequency offset and drift at NOC

PC DUT

Tester

LE Transmitter Test Command:
01 1E 2003 00 25 02
A .
g »
- LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet o
»
LE Test Packet >
>
LE Test Packet -~
0 >
.
.
LE Test Packet -
2402 LE Test End Command: -
MHz 01 1F 20 00 o
— >
- LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
LE Transmitter Test Command:
01 1E 2003 13 2502
»
P »
- LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet =
»
LE Test Packet »
>
LE Test Packet -
. >
.
.
LE Test Packet -
2440 LE Test End Command: ld
MHz 01 1F 20 00
»
g »
- LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
LE Transmitter Test Command:
01 1E 20 03 27 25 02
A .
— >
- LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet =
>
LE Test Packet =
»
LE Test Packet >
. »
.
.
LE Test Packet -
2480 LE Test End Command: >
MHz 01 1F 20 00
»
g »
- LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
—t— —t— ——
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6.3 Receiver sensitivity at NOC

PC DUT Tester

LE Receiver Test Command:
011D 200100
— »
g >
- LE Receiver Test Command Complete Event:
04 OE 04 0B 1D 20 00 P LE Test Packet
P LE Test Packet
Y
P LE Test Packet
Y .
.
.
P LE Test Packet
LE Test End Command: -~
2402 01 1F 20 00
MHz >
P >
- LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 XX XX
LE Receiver Test Command:
011D 200113
' A
g Lad
Y "
LE Receiver Test Command Complete Event:
04 OE 04 0B 1D 20 00 P LE Test Packet
: LE Test Packet
<
P LE Test Packet
Y .
.
.
P LE Test Packet
2410 LE Test End Command: -
MHz 01 1F 20 00 o
— >
- LE Test End Command Complete Event:
04 OE 06 OB 1F 20 00 XX XX
LE Receiver Test Command:
— 011D 200127 -
g »
- LE Receiver Test Command Complete Event:
4 OE 04 0B 1D 2
04 0E 04 0 000 P LE Test Packet
: LE Test Packet
<
D LE Test Packet
Y .
.
.
P LE Test Packet
2480 LE Test End Command: -
01 1F 20 00
MHz -
P »
~ LE Test End Command Complete Event:
04 OE 06 OB 1F 20 00 XX XX
—— —— et —
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6.4 Read and write register

PC DUT

LE_QN_REG_RD_CMD:
01 30 FC 04 08 40 00 40

LE_QN_REG_RD_CMD_CMP_EVENT:
04 OE 0C 0B 30 FC 00 08 40 00 40 FF FF 00 00

LE_QN_REG_WR_CMD:
01 31 FC 08 A4 00 00 40 A8 7C 22 90

LE_QN_REG_WR_CMD_CMP_EVENT:
04 OE 08 OB 31 FC 00 A4 00 00 40

AN11942 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.
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6.5 Calibrate XCSEL

Tester

YVvYvY

\ 4

\A A4

v

\AA/4

LE_QN_REG_WR_CMD:
01 31 fc 08 a4 00 00 40 a8 7c 24 90 (Note 1)
»
g »
B LE_QN_REG_WR_CMD_CMP_EVENT:
04 0e 08 Ob 31 fc 00 a4 00 00 40
LE Transmitter Test Command:
01 1E 20 03 00 25 00
. »
Pl »
- LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet
LE Test Packet
LE Test Packet
LE Test Packet
2402 LE Test End Command:
01 1F 20 00
MHz =
Pl »
<
LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
LE Transmitter Test Command:
1 1E 2 132
A 0 003 13 25 00 o
P >
< X
LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet
LE Test Packet
LE Test Packet
LE Test Packet
2440 LE Test End Command:
1 1F 2
MHz 0 000 o
P »
<
LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
LE Transmitter Test Command:
e 01 1E 20 03 27 25 00
A .
g »
‘ LE Transmitter Test Command Complete Event:
04 OE 04 0B 1E 20 00 LE Test Packet
LE Test Packet
LE Test Packet
LE Test Packet
2480 LE Test End Command:
MHz 01 1F 20 00
A .
Pl »
<
LE Test End Command Complete Event:
04 OE 06 0B 1F 20 00 00 00
e — e —

Note 1: Register address: 0x400000A4,

Register value (22—-17-bit): nXCSEL << 17 | (0x902A7CA8 & ~( Ox3F << 17))

\ 4

nXCSEL: Modify this value to calibrate the frequency offset. The default value is 0x11.

It ranges from 0x00 to Ox3E.
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7. Legal information

7.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

7.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
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customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be
liable to customer for any special, indirect, consequential, punitive or
incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

7.3 Licenses

Purchase of NXP <xxx> components

<License statement text>

7.4 Patents

Notice is herewith given that the subject device uses one or more of the
following patents and that each of these patents may have corresponding
patents in other jurisdictions.

<Patent ID> — owned by <Company name>

7.5 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.

<Name> — is a trademark of NXP Semiconductors N.V.
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