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or any third party in advertising, publicity, or other aspects. 

 

Third-Party Rights 
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information contained herein.  

c) While we have made every effort to ensure that the functions and features under development are 

free from errors, it is possible that they could contain errors, inaccuracies, and omissions. Unless 

otherwise provided by valid agreement, we make no warranties of any kind, either implied or express, 

and exclude all liability for any loss or damage suffered in connection with the use of features and 

functions under development, to the maximum extent permitted by law, regardless of whether such 

loss or damage may have been foreseeable. 

d) We are not responsible for the accessibility, safety, accuracy, availability, legality, or completeness of 

information, advertising, commercial offers, products, services, and materials on third-party websites 

and third-party resources. 
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 Introduction 
 

This document outlines the SPI function and its usage on the LC29H series modules. The module always 

operates as a slave device when communicating to the master (client-side MCU). The master can read or 

write any data via SPI bus. To enable SPI, pull the D_SEL1 pin to high level and the D_SEL2 pin to low 

level when power on the module. See document [1] hardware design for details. For the messages that 

the host can read and write through the SPI function, such as NMEA and RTCM messages, see document 

[2] protocol specification for details. 

 

The features of the module’s SPI: 

⚫ Slave mode 

⚫ Clock up to 48 MHz 

⚫ LSB first 

⚫ SPI pins: SPI_CS, SPI_CLK, SPI_MOSI, and SPI_MISO 

⚫ Mode 0 (CPOL = 0, CPHA = 0) 

 

Table 1: Modules and Software Versions Supporting SPI 

Module Series Model Earliest Software Version 

LC29H Series 

LC29H (AA) ⚫ LC29HAANR11A01S 

LC29H (AI) ⚫ LC29HAINR01A02S 

LC29H (BA) 
⚫ LC29HBANR11A01S_CSA2 

⚫ LC29HBANR11A01S_CSA4 

LC29H (CA) 
⚫ LC29HCANR11A01S_DSA2 

⚫ LC29HCANR01A03S_DSA4 

LC29H (DA) ⚫ LC29HDANR11A01S_RSA 
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 SPI Characteristics 

 

 Host Connection to Module 

 

The module supports SPI communication with the host using 4 wires: SPI_CS, SPI_CLK, SPI_MOSI and 

SPI_MISO. 

CS

SCK

MOSI

MISO

SPI_CLK

SPI_MOSI

SPI_MISO

SPI_CS

Host (master) Module (slave)

 

Figure 1: SPI Connection Between Host and Module 

 

SPI_CS is the chip select pin controlled by the SPI master. Pull it low to start a transmission and pull it 

high to signal the end of the transmission. 

SPI_CLK is the serial clock pin controlled by the master. 

SPI_MOSI is the master out slave in pin.  

SPI_MISO is the master in slave out pin. 

 

 

 

The pins of SPI are multiplexed with I2C and UART1 pins, and thus cannot be used simultaneously with 

I2C and UART1. For details, see document [1] hardware design. 

 

 Module SPI Reading/Writing Timing 

 

The module’s SPI works in Mode 0 (CPOL = 0, CPHA = 0). In Mode 0 SPI_CLK is at a low level when SPI 

is idle, and data is captured starting from the first edge of SPI_CLK. SPI_MOSI and SPI_MISO data 

NOTE 
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changes occur while SPI_CLK is low, and the data is captured on the rising edge of SPI_CLK. The data 

does not change while SPI_CLK is high. 

LSB MSB

MSB

SPI_CS

SPI_CLK

SPI_MOSI

SPI_MISO LSB

 

Figure 2: Module SPI Reading/Writing Timing 

 

 Module SPI Timing Diagram 

 

The operating characteristics of module SPI at typical temperature (25 ºC) are show in Figure 3: Module 

SPI Timing Diagram and Table 2: Module SPI Characteristics. 

SPI_CS

SPI_CLK

SPI_MOSI Bit 0 Bit 1

SPI_MISO Bit 0 Bit 1

Tcs_setup

Tsck_period

Tsi_setup

Tso_d

Tsi_hold

Tcs_hold

 

Figure 3: Module SPI Timing Diagram 

 

Table 2: Module SPI Characteristics 

Signal Parameter Description Min. Max. Unit 

SPI_CS 

Tcs_setup Chip select setup time 9.6 - ns 

Tcs_hold Chip select hold time 28.8 - ns 

SPI_CLK Tsck_period Serial clock period 19.2 - ns 

SPI_MOSI Tsi_setup SPI slave data input valid time 4.8 - ns 
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Signal Parameter Description Min. Max. Unit 

Tsi_hold SPI slave data input hold time 4.8 - ns 

SPI_MISO Tso_d SPI slave data output delay time 0.0 15.0 ns 
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 Module SPI Specification 
 

This chapter explains the registers, commands and status flags of the module SPI. 

 

 Module SPI Registers 

 

The following table shows the register addresses of the module SPI. 

 

Table 3: Module SPI Registers 

Register Name Register Address Description 

SLAVE_TX_LEN_REG 0x00000008 Module SPI transmit buffer available data length register. 

SLAVE_TX_BUF_REG 0x00002000 Module SPI transmit buffer register. 

SLAVE_RX_LEN_REG 0x00000004 Module SPI receive buffer free length register. 

SLAVE_RX_BUF_REG 0x00001000 Module SPI receive buffer register. 

 

 Module SPI Commands and Usage 

3.2.1. Module SPI Commands 

The following table lists the module SPI commands. 

 

Table 4: Module SPI Commands 

Command Name Command Value Description 

CFG_RD_CMD 0x0A 
Configures register address and data length of the data to be 

read. 

RD_CMD 0x81 Reads data. 

CFG_WR_CMD 0x0C Configures register address and data length of the data to be 
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Command Name Command Value Description 

written. 

WR_CMD 0x0E Writes data. 

RS_CMD 0x06 Reads module SPI status flag. 

WS_CMD 0x08 Erases module SPI read/write error flag. 

PWON_CMD 0x04 Powers on module SPI. 

PWOFF_CMD 0x02 Powers off module SPI. 

 

 

 

The PWON_CMD command must be sent after every reset or restart. 

 

3.2.2. Usage of Module SPI Commands 

The module SPI commands are categorized into three groups according to their usage: 

⚫ PWON_CMD and PWOFF_CMD, which are sent without being followed by a data field or data; 

⚫ CFG_RD_CMD and CFG_WR_CMD, which are sent with a data field; 

⚫ Other commands, i.e., RD_CMD, WR_CMD, RS_CMD and WS_CMD, which are sent with data. 

 

3.2.2.1. PWON_CMD and PWOFF_CMD 

The host does not have a data field or any data when sending PWON_CMD or PWOFF_CMD to the 

module SPI. 

SPI_CS

SPI_CLK

SPI_MISO

SPI_MOSI

...

PWON_CMD or PWOFF_CMD

Dummy Data

 

Figure 4: Host Sends PWON_CMD or PWOFF_CMD 

NOTE 
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3.2.2.2. CFG_RD_CMD and CFG_WR_CMD 

Host sends the CFG_RD_CMD or CFG_WR_CMD command followed by a data field. The data field 

consists of a 4-byte module SPI register address and a 4-byte data length of the data to be read or written. 

SPI_CS

SPI_CLK

SPI_MISO

SPI_MOSI

...

CFG_RD_CMD or CFG_WR_CMD

Dummy Data

...

Module SPI register address

...

Data length user wants to read/write

Dummy Data Dummy Data

 

Figure 5: Host Sends CFG_RD_CMD or CFG_WR_CMD 

 

 

 

The data length value must be decremented by 1 before sending the command, because the length is 

calculated from the SPI register address. 

 

3.2.2.3. Other Commands 

The host sends other module SPI commands followed by data. 

SPI_CS

SPI_CLK

SPI_MISO

SPI_MOSI

...

Other module SPI command, i.e., RD_CMD, 
WR_CMD, RS_CMD or WS_CMD

Dummy Data

...

Data 
1)

 Data

 

Figure 6: Host Sends Other Module SPI Commands 

 

 

1) Data following WR_CMD or WS_CMD sent via SPI_MOSI are the data intended for sending, whereas 

the data following RD_CMD or RS_CMD are dummy data. 

 

NOTE 

 

NOTE 
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 Module SPI Status Flags 

 

The following table shows the status flags of the module SPI. 

 

Table 5: Module SPI Status Flags 

Flag Name Flag Value Description 

STA_SLV_ON 0x01 Module SPI power on flag. 

STA_TXRX_FIFO_RDY 0x04 Module SPI transmit or receive buffer (FIFO) ready flag. 

STA_RD_ERR 0x08 Module SPI read error flag. 

STA_WR_ERR 0x10 Module SPI write error flag. 

STA_RDWR_FINISH 0x20 Module SPI read or write finish flag. 
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 Data Reading and Data Writing 
 

The following chapter provides a detailed explanation on how the host reads or writes data via SPI bus 

and describes the registers, commands and status flags used in the reading and writing process. 

Send PWON_CMD

Send CFG_RD_CMD or 

CFG_WR_CMD  

Send RD_CMD or 

WR_CMD

to read or write data

STA_SLV_ON 

is set?

 STA_TXRX_FIFO_RDY 

is set?

STA_RDWR_FINISH 

 is set?

Y N

Y

N

STA_RD_ERR or 

STA_WR_ERR 

 is set?

Send WS_CMD to 

erase error flag

N

Y

Send PWOFF_CMD 

and PWON_CMD to 

reset module SPI

End

Check over 100 

times?

Send RS_CMD to 

read status flag 
1)

N

Y

Send RS_CMD to 

read status flag 
1)

Check over 100 

times?

N

N

Send RS_CMD to 

read status flag 
1)

Check over 100 

times?

N

N

Y

Y

Y

Start

 

Figure 7: Module SPI Read/Write Flow 
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1) Each time RS_CMD is sent, there must be a 1 ms delay. 

 

 Data Reading 

 

The host reads data as follows. 

 

Step 1 Read available data length from the module SPI transmit buffer. 

 

a) Host sends CFG_RD_CMD, SLAVE_TX_LEN_REG and 0x00000004 minus 1, 9 bytes in 

total. 

 

Host CFG_RD_CMD SLAVE_TX_LEN_REG 0x00000003 

Module Dummy Data 

Figure 8: Host Data Reading Step 1-a) 

 

b) Host sends RS_CMD to check if STA_TXRX_FIFO_RDY is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_TXRX_FIFO_RDY) 

Figure 9: Host Data Reading Step 1-b) 

 

c) Host sends RD_CMD and receives 4 bytes of available data length from the module SPI 

transmit buffer 1). 

 

Host RD_CMD 4 bytes Dummy Data 

Module 1 byte Dummy Data Available data length from module SPI transmit buffer 1) 

Figure 10: Host Data Reading Step 1-c) 

 

d) Host sends RS_CMD to check if STA_RDWR_FINISH is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_RDWR_FINISH) 

Figure 11: Host Data Reading Step 1-d) 

NOTE 
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Step 2 Read data from module SPI transmit buffer. 

 

a) Host sends CFG_RD_CMD, SLAVE_TX_BUF_REG and data_read_len 2) -1, 9 bytes in total. 

 

Host CFG_RD_CMD SLAVE_TX_BUF_REG data_read_len 2) - 1 

Module Dummy Data 

Figure 12: Host Data Reading Step 2-a) 

 

b) Host sends RS_CMD to check STA_TXRX_FIFO_RDY is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_TXRX_FIFO_RDY) 

Figure 13: Host Data Reading Step 2-b) 

 

c) Host sends RD_CMD and receives data simultaneously. 

 

Host RD_CMD data_read_len 2) bytes Dummy Data 

Module 1 byte Dummy Data Data (data_read_len 2) bytes) 

Figure 14: Host Data Reading Step 2-c) 

 

d) Host sends RS_CMD to check if STA_RDWR_FINISH is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_RDWR_FINISH) 

Figure 15: Host Data Reading Step 2-d) 

 

 

 

1. 1) If the available data length read from the module SPI transmit buffer in Step 1 is 0, it means that 

the module currently has no available data, and the host must return to Step 1-a) to re-execute the 

reading process. 

2. 2) Unsigned integer data_read_len represents the data length that the host intends to receive. If 

the data length from module SPI transmit buffer read in Step 1 exceeds data_read_len, you can 

repeat Step 2 to read the data until all data have been read. However, the total read length cannot 

exceed the available data length in module SPI transmit buffer. Otherwise the status of 

STA_TXRX_FIFO_RDY cannot be read in Step 2. 

3. If the host fails to read the data on time, the transmit buffer overflows, causing the SPI transmitter 

to enter sleep state. Sending any data to the module via SPI can wake up the SPI transmitter, see 

NOTE 
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Chapter 4.2 Data Writing for details. 

4. The module transmits data in little-endian format. 

 

 Data Writing 

 

The host can send messages to the module via the SPI bus. See document [2] protocol specification for 

detailed information on the messages. The host writes data as follows. 

 

Step 1 Read free length in the module SPI receive buffer. 

 

a) Host sends CFG_RD_CMD, SLAVE_RX_LEN_REG and 0x00000004 minus 1, 9 bytes in 

total. 

 

Host CFG_RD_CMD SLAVE_RX_LEN_REG 0x00000003 

Module Dummy Data 

Figure 16: Host Data Writing Step 1-a) 

 

b) Host sends RS_CMD to check if STA_TXRX_FIFO_RDY is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_TXRX_FIFO_RDY) 

Figure 17: Host Data Writing Step 1-b) 

 

c) Host sends RD_CMD and receives 4 bytes of free length from the module SPI receive  

buffer 1). 

 

Host RD_CMD 4 bytes Dummy Data 

Module 1 byte Dummy Data Free length from module SPI receive buffer 1) 

Figure 18: Host Data Writing Step 1-c) 

 

d) Host sends RS_CMD to check if STA_RDWR_FINISH is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_RDWR_FINISH) 

Figure 19: Host Data Writing Step 1-d) 
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Step 2 Write data to the module SPI receive buffer. 

 

a) Host sends CFG_WR_CMD, SLAVE_RX_BUF_REG and data_written_len 2) - 1, 9 bytes in 

total. 

 

Host CFG_WR_CMD SLAVE_RX_BUF_REG data_written_len 2) - 1 

Module Dummy Data 

Figure 20: Host Data Writing Step 2-a) 

 

b) Host sends RS_CMD to check if STA_TXRX_FIFO_RDY is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_TXRX_FIFO_RDY) 

Figure 21: Host Data Writing Step 2-b) 

 

c) Host sends WR_CMD and data_written_len 2) bytes of data. 

 

Host WR_CMD User’s data (data_written_len 2) bytes) 

Module Dummy Data 

Figure 22: Host Data Writing Step 2-c) 

 

d) Host sends RS_CMD to check if STA_RDWR_FINISH is set. 

 

Host RS_CMD 1 byte Dummy Data 

Module 1 byte Dummy Data Data (including STA_RDWR_FINISH) 

Figure 23: Host Data Writing Step 2-d) 

 

 

 

1. 1) The free length in the module SPI receive buffer indicates the maximum length of data the host 

can write. If the data to be sent exceeds the free length in the module SPI receive buffer, you must 

divide the data into segments and send them separately. 

2. 2) Unsigned integer data_written_len represents the data length that the host intends to write. 

3. The module transmits data in little-endian format. 

NOTE 
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 Example for SPI Reading/Writing 

Sequence 
 

LC29H (BA) is used as an example to show how a host reads NMEA messages and writes data via the 

module SPI. The XX below represents dummy data. 

//Ensure module SPI is enabled. 

//Host sends PWON_CMD. 

04 

//Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_SLV_ON status flag. 

XX 03 

 

//Read data. 

//Step 1-a): Host sends CFG_RD_CMD, SLAVE_TX_LEN_REG and data length minus 1 (see Chapter 

3.2.2.2 CFG_RD_CMD and CFG_WR_CMD for details). 

0A 08 00 00 00 03 00 00 00 

//Step 1-b): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_TXRX_FIFO_RDY status flag. 

XX 07 

//Step 1-c): Host sends RD_CMD. 

81 XX XX XX XX 

//Module responds with available data length from slave SPI transmit buffer. 

XX F0 04 00 00 

//Step 1-d): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_RDWR_FINISH status flag. 

XX 27 

//Step 2-a): Host sends CFG_RD_CMD, SLAVE_TX_BUF_REG and data length minus 1 (see Chapter 

3.2.2.2 CFG_RD_CMD and CFG_WR_CMD for details). 

0A 00 20 00 00 EF 04 00 00 

//Step 2-b): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_TXRX_FIFO_RDY status flag. 

XX 07 

//Step 2-c): Host sends RD_CMD. 
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81 XX XX XX XX … XX XX 

//Module responds with NMEA data. 

XX 24 50 51 54 … 0D 0A 

//Step 2-d): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_RDWR_FINISH status flag. 

XX 27 

 

//Write data $PQTMVERNO*58\r\n. 

//Step 1-a): Host sends CFG_RD_CMD, SLAVE_RX_LEN_REG and data length minus 1 (see Chapter 

3.2.2.2 CFG_RD_CMD and CFG_WR_CMD for details). 

0A 04 00 00 00 03 00 00 00 

//Step 1-b): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_TXRX_FIFO_RDY status flag. 

XX 07 

//Step 1-c): Host sends RD_CMD. 

81 XX XX XX XX 

//Module responds with free length from slave SPI receive buffer. 

XX 00 01 00 00 

//Step 1-d): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_RDWR_FINISH status flag. 

XX 27 

//Step 2-a): Host sends CFG_WR_CMD, SLAVE_RX_BUF_REG and data length minus 1 (see Chapter 

3.2.2.2 CFG_RD_CMD and CFG_WR_CMD for details). 

0C 00 10 00 00 0E 00 00 00 

//Step 2-b): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_TXRX_FIFO_RDY status flag. 

XX 07 

//Step 2-c): Host sends WR_CMD and data $PQTMVERNO*58\r\n. 

0E 24 50 51 54 4D 56 45 52 4E 4F 2A 35 38 0D 0A 

//Step 2-d): Host sends RS_CMD. 

06 XX 

//Module responds with data including STA_RDWR_FINISH status flag. 

XX 27 
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 Sample Code for SPI Reading/Writing 

Sequence 
 

The sample code for reading data from and writing data to the SPI buffer: 

 

#define MAX_ERROR_NUMBER                    100 

#define FAIL_MAX_TIME                       5 

 

#define SPI_MAX_BUFF_LENGTH                 0x1000 

 

#define CFG_RD_CMD                          0x0A 

#define RD_CMD                              0x81 

#define CFG_WR_CMD                          0x0C 

#define WR_CMD                              0x0E 

#define RS_CMD                              0x06 

#define WS_CMD                              0x08 

#define PWON_CMD                            0x04 

#define PWOFF_CMD                           0x02 

 

#define SLAVE_TX_LEN_REG                    0x08 

#define SLAVE_TX_BUF_REG                    0x2000 

 

#define SLAVE_RX_LEN_REG                    0x04 

#define SLAVE_RX_BUF_REG                    0x1000 

 

#define SPIS_STA_SLV_ON_OFFSET              (0) 

#define SPIS_STA_SLV_ON                     (0x1<<SPIS_STA_SLV_ON_OFFSET) 

 

#define SPIS_STA_TXRX_FIFO_RDY_OFFSET       (2) 

#define SPIS_STA_TXRX_FIFO_RDY              (0x1<<SPIS_STA_TXRX_FIFO_RDY_OFFSET) 

 

#define SPIS_STA_RD_ERR_OFFSET              (3) 

#define SPIS_STA_RD_ERR                     (0x1<<SPIS_STA_RD_ERR_OFFSET) 

 

#define SPIS_STA_WR_ERR_OFFSET              (4) 

#define SPIS_STA_WR_ERR                     (0x1<<SPIS_STA_WR_ERR_OFFSET) 

 

#define SPIS_STA_RDWR_FINISH_OFFSET         (5) 
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#define SPIS_STA_RDWR_FINISH                (0x1<<SPIS_STA_RDWR_FINISH_OFFSET) 

 

#define Ql_SPI_SlavePowerOn()               Ql_SPI_Write_Power_Cmd(PWON_CMD) 

#define Ql_SPI_SlavePowerOff()              Ql_SPI_Write_Power_Cmd(PWOFF_CMD) 

#define QL_SPI_Reset()                       Ql_SPI_SlavePowerOff();\ 

                                               Ql_SPI_SlavePowerOn() 

#define Is_SPI_Slave_Error_Status(Status)   ((Status == SPIS_STA_TXRX_FIFO_RDY) || \ 

                                             (Status == SPIS_STA_RDWR_FINISH)   && \ 

                                             (Status == SPIS_STA_SLV_ON)) 

 

typedef enum 

{ 

    STATUS_OK, 

    STATUS_ERROR, 

} Ql_Host_Status_TypeDef; 

 

typedef struct 

{ 

    uint16_t ReceiveLength; 

    uint16_t SendLength; 

    uint8_t* SendData; 

    uint8_t* ReceiveBuffer; 

} Ql_SPI_Send_Receive_TypeDef; 

 

uint8_t Ql_SPI_RecvBuffer[SPI_MAX_BUFF_LENGTH+1]; 

uint8_t Ql_SPI_SendBuffer[SPI_MAX_BUFF_LENGTH+1]; 

 

void Ql_SPI_Write_Power_Cmd(uint8_t Cmd); 

 

static Ql_Host_Status_TypeDef Ql_SPI_Power_State(uint32_t BitMask, uint32_t 

BitValue, uint32_t RetryCounter) 

{ 

    uint8_t status_cmd[2] = {RS_CMD,0x00}; 

    uint8_t status = 0; 

    uint8_t status_receive[2] = {0}; 

    uint8_t clear_cmd_buf[2] = {0}; 

    uint8_t temp_cmd = PWOFF_CMD; 

    uint8_t recv_buf[2] = {0}; 

    Ql_SPI_Send_Receive_TypeDef spi_send_and_receive_config = {0}; 

    for(int i = 0; i < RetryCounter; i ++) 

    { 

        status_receive[1] = 0; 

        spi_send_and_receive_config.ReceiveLength = 2; 

        spi_send_and_receive_config.SendLength = 1; 
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        spi_send_and_receive_config.SendData = status_cmd; 

        spi_send_and_receive_config.ReceiveBuffer = status_receive; 

        HAL_SPI_WriteRead(spi_send_and_receive_config.SendData,       \ 

                          spi_send_and_receive_config.ReceiveBuffer,  \ 

                          spi_send_and_receive_config.ReceiveLength); 

        status = status_receive[1]; 

        if (status != 0xff)  

        { 

            if (status & (SPIS_STA_RD_ERR|SPIS_STA_WR_ERR)) 

            { 

                clear_cmd_buf[0] = WS_CMD; 

                clear_cmd_buf[1] = status; 

                HAL_SPI_WriteRead(clear_cmd_buf, status_receive, 2); 

                return STATUS_ERROR; 

            } 

            else if ((BitMask & status)== BitValue)  

            { 

                return STATUS_OK; 

            } 

            else 

            { 

                return STATUS_ERROR; 

            } 

        } 

    } 

    return STATUS_ERROR; 

} 

 

void Ql_SPI_Write_Power_Cmd(uint8_t Cmd) 

{ 

    uint8_t temp_cmd = Cmd; 

    uint8_t recv_buf[2] = {0}; 

    switch(temp_cmd) 

    { 

        case PWON_CMD: 

        { 

            while(1) 

            { 

                HAL_SPI_WriteRead(&temp_cmd, recv_buf, 1); 

                if (STATUS_OK == Ql_SPI_Power_State(SPIS_STA_SLV_ON, SPIS_STA_SLV_ON, 

MAX_ERROR_NUMBER)) 

                { 

                    break; 

                } 
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            } 

        } 

        break; 

        case PWOFF_CMD: 

        { 

            while(1) 

            { 

                HAL_SPI_WriteRead(&temp_cmd, recv_buf, 1); 

                if (STATUS_OK == Ql_SPI_Ql_SPI_Power_State(SPIS_STA_SLV_ON, 0, 

MAX_ERROR_NUMBER)) 

                { 

                    break; 

                } 

            } 

        } 

        break; 

    } 

} 

 

static Ql_Host_Status_TypeDef Ql_SPI_Query_Slave_Status(uint32_t BitMask, uint32_t 

BitValue, uint32_t RetryCounter) 

{ 

    uint8_t status_cmd[2] = {RS_CMD,0x00}; 

    uint8_t status = 0; 

    uint8_t status_receive[2] = {0}; 

    uint8_t clear_cmd_buf[2] = {0}; 

    Ql_SPI_Send_Receive_TypeDef spi_send_and_receive_config = {0}; 

    for(int i = 0; i < RetryCounter; i ++) 

    { 

        HAL_Delay(1); 

        status_receive[1] = 0; 

        spi_send_and_receive_config.ReceiveLength = 2; 

        spi_send_and_receive_config.SendLength = 1; 

        spi_send_and_receive_config.SendData = status_cmd; 

        spi_send_and_receive_config.ReceiveBuffer = status_receive; 

        HAL_SPI_WriteRead(spi_send_and_receive_config.SendData,     \ 

                          spi_send_and_receive_config.ReceiveBuffer,\ 

                          spi_send_and_receive_config.ReceiveLength); 

        status = status_receive[1]; 

        if (status != 0xff) 

        { 

            if (status & (SPIS_STA_RD_ERR|SPIS_STA_WR_ERR)) 

            { 

                clear_cmd_buf[0]= WS_CMD; 
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                clear_cmd_buf[1] = status; 

                HAL_SPI_WriteRead(clear_cmd_buf, status_receive, 2); 

                if(BitMask != SPIS_STA_TXRX_FIFO_RDY) 

                { 

                    QL_SPI_Reset(); 

                    HAL_Delay(1); 

                } 

                return STATUS_ERROR; 

            } 

            else if((BitMask & status)== BitValue)  

            { 

                return STATUS_OK; 

            } 

            else if (Is_SPI_Slave_Error_Status(BitMask))  

            { 

                QL_SPI_Reset(); 

                return STATUS_ERROR; 

            } 

        } 

        else 

        { 

            return STATUS_ERROR; 

        } 

    } 

    return STATUS_ERROR; 

} 

 

uint8_t Ql_SPI_WriteAndRead(uint32_t Offset, uint8_t *Buffer, uint32_t *Length) 

{ 

    uint8_t cfg_cmd[9] = {0}; 

    uint8_t recv_cmd[9] = {0}; 

    uint32_t receive_reg_value = 0; 

    uint32_t temp_offset = Offset; 

    Ql_SPI_Send_Receive_TypeDef spi_send_and_receive_config = {0}; 

    uint32_t temp_length = 0; 

    uint32_t total_length = 0; 

    uint8_t fail_counter = 0; 

    static  uint8_t temp_host_mux_send_buf[4+1] = {0}; 

    static  uint8_t temp_host_mux_receive_buf[4+1] = {0}; 

     

_restart: 

    temp_length = 4; 

    cfg_cmd[0] = CFG_RD_CMD; 

    cfg_cmd[1] = Offset & 0xff; 
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    cfg_cmd[2] = (Offset >> 8) & 0xff; 

    cfg_cmd[3] = (Offset >> 16) & 0xff; 

    cfg_cmd[4] = (Offset >> 24) & 0xff; 

    cfg_cmd[5] = (temp_length - 1) & 0xff; 

    cfg_cmd[6] = ((temp_length - 1) >> 8) & 0xff; 

    cfg_cmd[7] = ((temp_length - 1) >> 16) & 0xff; 

    cfg_cmd[8] = ((temp_length - 1) >> 24) & 0xff; 

    HAL_SPI_WriteRead(cfg_cmd,recv_cmd,9); 

    if(Ql_SPI_Query_Slave_Status(SPIS_STA_TXRX_FIFO_RDY, \ 

                                 SPIS_STA_TXRX_FIFO_RDY, \ 

                                 MAX_ERROR_NUMBER) == STATUS_ERROR) 

    { 

        if(fail_counter >= FAIL_MAX_TIME) 

        { 

            fail_counter = 0; 

            return STATUS_ERROR; 

        } 

        fail_counter ++;   

        goto _restart; 

    } 

    else 

    { 

        fail_counter = 0; 

    } 

    switch(temp_offset) 

    { 

        case SLAVE_TX_LEN_REG://Host read 

        { 

            temp_host_mux_send_buf[0] = RD_CMD; 

            spi_send_and_receive_config.ReceiveLength = 4+1; 

            spi_send_and_receive_config.SendLength = 1; 

            spi_send_and_receive_config.SendData = temp_host_mux_send_buf; 

            spi_send_and_receive_config.ReceiveBuffer = temp_host_mux_receive_buf; 

            HAL_SPI_WriteRead(spi_send_and_receive_config.SendData,     \ 

                              spi_send_and_receive_config.ReceiveBuffer,\ 

                              spi_send_and_receive_config.ReceiveLength); 

            if(Ql_SPI_Query_Slave_Status(SPIS_STA_RDWR_FINISH, \ 

                                         SPIS_STA_RDWR_FINISH, \ 

                                         MAX_ERROR_NUMBER) == STATUS_ERROR) 

            { 

                if(fail_counter >= FAIL_MAX_TIME) 

                { 

                    fail_counter = 0; 

                    return STATUS_ERROR; 
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                } 

                fail_counter ++; 

                goto _restart; 

            } 

            else 

            { 

                fail_counter = 0; 

            } 

            receive_reg_value = temp_host_mux_receive_buf[1]      | \ 

                                (temp_host_mux_receive_buf[2]<<8) | \ 

                                (temp_host_mux_receive_buf[3]<<16)| \ 

                                (temp_host_mux_receive_buf[4]<<24); 

            if(receive_reg_value > SPI_MAX_BUFF_LENGTH) 

            { 

                total_length = receive_reg_value; 

                receive_reg_value = SPI_MAX_BUFF_LENGTH; 

            } 

            if(receive_reg_value==0) 

            { 

                *Length = receive_reg_value; 

                return STATUS_OK; 

            } 

            temp_length = receive_reg_value; 

            Offset = SLAVE_TX_BUF_REG; 

            cfg_cmd[0] = CFG_RD_CMD; 

            cfg_cmd[1] = Offset & 0xff; 

            cfg_cmd[2] = (Offset >> 8) & 0xff; 

            cfg_cmd[3] = (Offset >> 16) & 0xff; 

            cfg_cmd[4] = (Offset >> 24) & 0xff; 

            cfg_cmd[5] = (temp_length - 1) & 0xff; 

            cfg_cmd[6] = ((temp_length - 1) >> 8) & 0xff; 

            cfg_cmd[7] = ((temp_length - 1) >> 16) & 0xff; 

            cfg_cmd[8] = ((temp_length - 1) >> 24) & 0xff; 

            HAL_SPI_WriteRead(cfg_cmd, recv_cmd, 9); 

            if(Ql_SPI_Query_Slave_Status(SPIS_STA_TXRX_FIFO_RDY, \ 

                                         SPIS_STA_TXRX_FIFO_RDY, \ 

                                         MAX_ERROR_NUMBER) == STATUS_ERROR) 

            { 

                if(fail_counter >= FAIL_MAX_TIME) 

                { 

                    fail_counter = 0; 

                    return STATUS_ERROR; 

                } 

                fail_counter ++; 
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                goto _restart; 

            } 

            else 

            { 

                fail_counter = 0; 

            } 

            Ql_SPI_SendBuffer[0] = RD_CMD; 

            spi_send_and_receive_config.ReceiveLength = temp_length+1; 

            spi_send_and_receive_config.SendLength = 1; 

            spi_send_and_receive_config.SendData = Ql_SPI_SendBuffer; 

            spi_send_and_receive_config.ReceiveBuffer = Buffer; 

            HAL_SPI_WriteRead(spi_send_and_receive_config.SendData,      \ 

                              spi_send_and_receive_config.ReceiveBuffer, \ 

                              spi_send_and_receive_config.ReceiveLength); 

            if(Ql_SPI_Query_Slave_Status(SPIS_STA_RDWR_FINISH, \ 

                                         SPIS_STA_RDWR_FINISH, \ 

                                         MAX_ERROR_NUMBER) == STATUS_ERROR) 

            { 

                if(fail_counter >= FAIL_MAX_TIME) 

                { 

                    fail_counter = 0; 

                    return STATUS_ERROR; 

                } 

                fail_counter ++; 

                goto _restart; 

            } 

            else 

            { 

                fail_counter = 0; 

            } 

            *Length = receive_reg_value; 

            return STATUS_OK; 

        } 

        break; 

     

        case SLAVE_RX_LEN_REG://Host send 

        { 

            temp_host_mux_send_buf[0] = RD_CMD; 

            spi_send_and_receive_config.ReceiveLength = 4+1; 

            spi_send_and_receive_config.SendLength = 1; 

            spi_send_and_receive_config.SendData = temp_host_mux_send_buf; 

            spi_send_and_receive_config.ReceiveBuffer = temp_host_mux_receive_buf; 

            HAL_SPI_WriteRead(spi_send_and_receive_config.SendData,      \ 

                              spi_send_and_receive_config.ReceiveBuffer, \ 
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                              spi_send_and_receive_config.ReceiveLength); 

            if(Ql_SPI_Query_Slave_Status(SPIS_STA_RDWR_FINISH, \ 

                                         SPIS_STA_RDWR_FINISH, \ 

                                         MAX_ERROR_NUMBER) == STATUS_ERROR) 

            { 

                if(fail_counter >= FAIL_MAX_TIME) 

                { 

                    fail_counter = 0; 

                    return STATUS_ERROR; 

                } 

                fail_counter ++; 

                goto _restart; 

            } 

            else 

            { 

                fail_counter = 0; 

            } 

             

            receive_reg_value = temp_host_mux_receive_buf[1]      | \ 

                                (temp_host_mux_receive_buf[2]<<8) | \ 

                                (temp_host_mux_receive_buf[3]<<16)| \ 

                                (temp_host_mux_receive_buf[4]<<24); 

             

            if(receive_reg_value > *Length) 

            { 

                receive_reg_value = *Length; 

            } 

            if(receive_reg_value == 0) 

            {   

                return STATUS_OK; 

            } 

            temp_length = receive_reg_value; 

            Offset = SLAVE_RX_BUF_REG; 

            cfg_cmd[0] = CFG_WR_CMD; 

            cfg_cmd[1] = Offset & 0xff; 

            cfg_cmd[2] = (Offset >> 8) & 0xff; 

            cfg_cmd[3] = (Offset >> 16) & 0xff; 

            cfg_cmd[4] = (Offset >> 24) & 0xff; 

            cfg_cmd[5] = (temp_length - 1) & 0xff; 

            cfg_cmd[6] = ((temp_length - 1) >> 8) & 0xff; 

            cfg_cmd[7] = ((temp_length - 1) >> 16) & 0xff; 

            cfg_cmd[8] = ((temp_length - 1) >> 24) & 0xff; 

            HAL_SPI_WriteRead(cfg_cmd, recv_cmd, 9); 

            if(Ql_SPI_Query_Slave_Status(SPIS_STA_TXRX_FIFO_RDY, \ 
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                                         SPIS_STA_TXRX_FIFO_RDY, \ 

                                         MAX_ERROR_NUMBER) == STATUS_ERROR) 

            { 

                if(fail_counter >= FAIL_MAX_TIME) 

                { 

                    fail_counter = 0; 

                    return STATUS_ERROR; 

                } 

                fail_counter++; 

                goto _restart; 

            } 

            else 

            { 

                fail_counter = 0; 

            } 

            Ql_SPI_SendBuffer[0] = WR_CMD; 

            memcpy(&Ql_SPI_SendBuffer[1], Buffer, receive_reg_value); 

            HAL_SPI_WriteRead(Ql_SPI_SendBuffer, Ql_SPI_RecvBuffer, 

receive_reg_value+1); 

            memset(Ql_SPI_RecvBuffer, 0, receive_reg_value+1); 

            if(Ql_SPI_Query_Slave_Status(SPIS_STA_RDWR_FINISH, \ 

                                         SPIS_STA_RDWR_FINISH, \ 

                                         MAX_ERROR_NUMBER) == STATUS_ERROR) 

            { 

                if(fail_counter >= FAIL_MAX_TIME) 

                { 

                    fail_counter = 0; 

                    return STATUS_ERROR; 

                } 

                fail_counter ++; 

                goto _restart; 

            } 

            else 

            { 

                fail_counter = 0; 

            } 

            *Length = receive_reg_value;  

            return STATUS_OK; 

        } 

        break; 

         

        default: 

        { 

            // No Code 
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        } 

        break; 

    } 

    return STATUS_ERROR; 

} 

 

uint8_t Ql_SPI_Write_Data(uint8_t* DataBuffer,uint32_t Length) 

{ 

    uint8_t result = 0; 

    Ql_SPI_SlavePowerOn(); 

    HAL_Delay(2); 

    result = Ql_SPI_WriteAndRead(SLAVE_RX_LEN_REG,DataBuffer,&Length); 

    return result; 

} 

 

uint8_t Ql_SPI_Read_Data(uint8_t* DataBuffer,uint32_t* Length) 

{ 

    uint8_t result = 0; 

    Ql_SPI_SlavePowerOn(); 

    HAL_Delay(2); 

    result = Ql_SPI_WriteAndRead(SLAVE_TX_LEN_REG,DataBuffer,Length); 

    return result; 

} 
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 Appendix References 
 

Table 6: Related Documents 

 

Table 7: Terms and Abbreviations 

 

Document Name 

[1] Quectel_LC29H_Series_Hardware_Design 

[2] Quectel_LC29H_Series&LC79H(AL)_GNSS_Protocol_Specification 

Abbreviation Description 

CLK Serial Clock 

CPHA Clock Phase 

CPOL Clock Polarity 

CS Chip Select 

FIFO First In First Out 

GNSS Global Navigation Satellite System 

LSB Least Significant Bit 

MCU Microcontroller Unit 

MISO Master In Slave Out 

MOSI Master Out Slave In 

MSB Most Significant Bit 

NMEA NMEA (National Marine Electronics Association) 0183 Interface Standard 

SPI Serial Peripheral Interface 

https://www.quectel.com/product/gnss-lc29h
https://www.quectel.com/product/gnss-lc29h
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