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AFE79xx Bringup Using HDL Module Without
Microcontroller
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ABSTRACT

Device bringup of AFE79xx device is generally done using micro controller through SPI. In some of the
applications, micro-controller can not be allowed in the system. For such applications, HDL based device bringup
is needed to configure the AFE. Texas Instruments BRINGUP_AFE HDL module integrated into the FPGA along
with a memory (to store the bringup instructions) can be used to configure AFE79xx devices.
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1 Introduction

RF Transceivers are used to communicate data, voice, or video information over the wireless communication
medium as electromagnetic waves. The transceivers are widely deployed in systems such as telecommunication
(base stations), RADAR, aerospace research, ammunition, and so on. Typically, these highly complex devices
are configured using a microcontroller in the FPGA or ASIC through SPI. In some of the defense applications,
use of microcontroller in the system is not acceptable. For such applications, HDL module implemented inside
the FPGA with state machines can be used to configure the device without any microcontroller.
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2 Hardware Setup for Using BRINGUP_AFE Module

Figure 2-1. Hardware Connections of BRINGUP_AFE Module

Table 2-1. BRINGUP_AFE Module — Port Descriptions

Port /0 Bit Width Description
clk input 1 Module clock. Same clock is used for SPI clock. Max clock speed is 10MHz
rst_n input 1 Active low reset
mem_addr output 32 External memory address from which instructions need to be loaded during
bringup.
Memory address starts with 0 and increments by 1 after each instruction
mem_data input 32 Bringup instruction stored at mem_addr
mem_data_valid input 1 Instruction in mem_data port is only executed when mem_data_valid = 1
Clear mem_data_valid when mem_addr changes
set mem_data_valid after mem_data reflects the instruction stored at mem_addr
location
ctrl_data input 32 ctrl_data is used to configure BRINGUP_AFE module registers
ctrl_data_loc input 5 Address of the register in which ctrl_data need to be loaded.
sts_data_out reflects the data in this register address
sts_data_out output 32 Status information in register address ctrl_data loc
ctrl_data_load input 1 When ctrl_data_load = 1, ctrl_data is loaded to ctr|_data_loc register
spi_clk output 1 SPI serial interface clock. Connect to SPICLK pin of AFE
spi_cs output 1 SPI active low serial data enable. Connect to SPISEN pin of AFE
spi_sdo output 1 MOSI. Connect to SPISDIO pin of AFE
spi_sdi input 1 MISO. Connect to SPISDO pin of AFE
2 AFET79xx Bringup Using HDL Module Without Microcontroller SBAA729 — AUGUST 2025

Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SBAA729
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAA729&partnum=

I3 TEXAS
INSTRUMENTS
www.ti.com Interface Between Memory and BRINGUP_AFE Module

3 Interface Between Memory and BRINGUP_AFE Module

BRINGUP_AFE module sets mem_addr port to indicate the address from which memory can populate the data
on mem_data port. Upon reset (rst_n = 0) or when start_bringup = 0, mem_addr is set to 0. When device is out
of reset (rst_n = 1) and start_bringup = 1, bringup instructions are executed. After executing each instruction,
mem_addr is incremented by 1. Whenever mem_addr value changes, memory can set mem_data_valid port
to 0 within one BRINGUP_AFE clock cycle. Once memory completed populating the data at mem_addr on to
mem_data port, mem_data_valid can be set to 1.

Note
If the data at mem_addr in memory is reflected on mem_data port within one clock cycle of
BRINGUP_AFE module, then mem_data_valid port can always be set to 1.

Figure 3-1. Timing of Data Transfer Between BRINGUP_AFE Module and Memory
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4 Configuration of Control Registers and Status Flags in BRINGUP_AFE Module

BRINGUP_AFE module uses 32-bit registers to control the module and to store the status of the bringup. Each
of these 32-bit registers are accessed using ctrl_data_loc, ctrl_data, ctrl_data_load, and sts_data_out ports.
Ctrl_data_loc is used to select the 32-bit register to be modified or read. After setting Ctrl_data followed by

a 0-1-0 toggle on cfrl_data_load modifies 32-bit data at ctrl_data_loc with cirl_data. Sts_data_out reflects the
32-bit data at ctrl_data_loc in the BRINGUP_AFE module immediately.

Table 4-1. Status and Control Register Mapping

Address Bits Field Name Access Default Description

0x0 0:0 bringup_finished R 0x0 ‘1’ indicates bringup is finished

0x0 1:1 Invalid R 0x0 Invalid field. Data is irrelevant.

0x0 2:2 bringup_err_sticky R 0x0 If set, indicates bringup error has occurred.
Sticky flag. Toggle clear_bringup_err to clear
this flag

0x0 3:3 bringup_halt R 0x0 Indicates if the BRINGUP_AFE is in halt
state.
Either bringup is finished or bringup error
occurred with stop_at_bringup_fail = ‘1’

0x0 4:4 unknown_instruction R 0x0 Module can not interpret the current
instruction.
Not expected to happen

0x0 5:5 module_ready_flag R 0x0 Status flag indicates if the module is ready for
bringup

0x0 6:6 bu_cycles_ovr R 0x0 If the bu_cycles are more than 2**32, over
flag is set

0x0 7.7 give_sysref_now R 0x0 when give_sysref_now flag is set, send the
sysref in case of single shot sysref.
Once sysref is given to the AFE, toggle
continue_bringup.
Ignore for continuous sysref

0x0 10:8 Invalid R 0x0 Invalid field. Data is irrelevant.

0x0 11:11 data_valid R 0x0 For debug. Value of mem_data_valid port

0x0 12:12 Invalid R 0x0 Invalid field. Data is irrelevant.

0x0 15:13 Invalid R 0x0 Invalid field. Data is irrelevant.

0x0 23:16 spi_data R 0x0 For debug. Spi data readback from device for
the current instruction

0x0 31:24 Invalid R 0x0 Invalid field. Data is irrelevant.

0x1 31:0 curr_instr R 0x0 For debug. Indicates the current instruction

0x2 31:0 Invalid R 0x0 Invalid field. Data is irrelevant.

0x3 31:0 Invalid R 0x0 Invalid field. Data is irrelevant.

0x4 31:0 bu_cycles R 0x0 Number of clock cycles taken for the bringup.
When start_bringup = 0, reset

0x5 31:0 mem_addr R 0x0 For debug. Same value as mem_addr port

0x6 31:0 mem_data R 0x0 For debug. Same value as mem_data port

0x7 31:0 BRINGUP_AFE_version R 0x100 Indicates BRINGUP_AFE module version.

0x8 31:0 current_bu_err_code R 0x0 Error code in case of any bringup error.

0x10 0:0 clear_bringup_err R/W 0x0 Toggle to clear bringup_err_sticky

0x10 1:1 stop_at_bringup_fail R/W 0x1 If set, module halts at bringup error.
Otherwise ignores the bringup error and
continues

0x10 2:2 continue_bringup R/W 0x0 Toggle this to continue the bringup once
module is halted on bringup error
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Table 4-1. Status and Control Register Mapping (continued)

Address Bits Field Name Access Default Description

0x10 4:3 RSVD R/W 0x0 Reserved. Do not change the default value.

0x10 5:5 ovr_instr R/W 0x0 Override instruction. Whether to override the
current instruction or not

0x10 6:6 ovr_instr_trig R/W 0x0 0-1-0 toggle starts executing the
ovr_val_instr. Possible only when
bringup_halt is 1.

0x10 77 RSVD R/W 0x0 Reserved. Do not change the default value.

0x10 8:8 start_bringup R/W 0x0 Keep this flag high always during the bringup.
Give a 0 --> 1 pulse to start the bringup.
0 can be given for atleast 5 clock cycles
before changing to 1

0x10 31:9 RSVD R/W 0x0 Reserved. Do not change the default value.

0x11 31:0 RSVD R/W 0x100000 |Reserved. Do not change the default value.

0x12 31:1 RSVD R/W 0x0 Reserved. Do not change the default value.

0x13 31:2 ovr_val_instr R/W 0x0 Override value for current instruction.
Valid only when ovr_instr =1’

Steps to update the control registers

Set ctrl_data_loc to the address of the register in which ctrl_data need to be loaded.
Set ctrl_data.

Set ctrl_data load to 1.

Wait for 2 BRINGUP_AFE clock cycles.

Set Ctrl_data_load to 0.

oo~

Steps to read the control or status registers

1. Setctrl_data_loc to the desired address.
2. Read the data from sts_data_out.

4.1 Instruction Sets

BRINGUP_AFE module uses 32-bit instruction set to configure the device. Bits <31:29> is used as the opcode to

identify the type of the instruction.

3 30 29 28 27 26 25 24 23 22 21 20 19

Opcode

Figure 4-1. 32bit Instruction Field

Table 4-2. Opcode Interpretation in 32-bit Instructions

Opcode<31:29>

Interpretation

RSVD

AFE register read and register readcheck

AFE register write and AFE register read-modify-write

AFE register poll

Wait

Burst write

Relay — Used for sub opcode

N oo~ |lwWwW|IN|~|O

RSVD

Opcode 6 is used as a relay opcode to support additional functionalities.
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30 26 25 24 23

20 28 { 27

|3.

‘ 8 sub_opcode Data

Figure 4-2. Sub Opcode Mapping

Table 4-3. Sub Opcode Interpretation in 32-Bit Instruction

Sub_opcode<28:24> Interpretation

RSVD

BRINGUP_AFE module version check

Set bringup error code

Give sysref now — valid when continuous sysref is false

Bringup is finished

Set AFE reset pin

ol |lW|IN|~|O

-31 RSVD

Steps to generate the bringup instructions:
1. Set logDumplnst.logFormat=0x4000 in AFE79xx Latte bringup script.
Run the bringup file.

2.
3. A text file with bringup instructions is generated in =\Texas Instruments\AFE79xxLatte\lib folder.
4

Use the 32-bit instructions in the text file to load in to the memory.
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5 Bringup With BRINGUP_AFE Module

After memory is loaded with the device bringup instructions, below steps can be followed to do the bringup with
continuous sysref. After the bringup is finished, bringup_err_sticky status can be checked for bringup errors.

Figure 5-1. Device Bringup Using BRINGUP_AFE Module
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6 Bringup With Error Decoding

The following steps can be followed to stop at bringup fail and the error register can be read back to figure out
the possible cause of the error.

Figure 6-1. Device Bringup With Error Decoding
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7 Summary

This application note describes the procedure to configure AFE79xx using HDL module integrated in FPGA
without micro controller. BRINGUP_AFE module supports multiple features like bringup with error reporting,
bringup with error decoding, debug options using override instructions, bringup with single shot sysref etc.
Ultra-fast bringup time of <300ms is supported by running AFE79xx bringup at 10MHz clock.
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8 References

» Texas Instruments, AFE7900 4T6R RF Sampling AFE with 12 GSPS DACs and 3 GSPS ADCs, data sheet.
» Texas Instruments, AFE7950 4T6R RF Sampling AFE with 12GSPS DACs and 3GSPS ADCs, data sheet.
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