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Elixir library for receiving and sending data through the Nordic
nRF24L01+ 2.4GHz wireless transceiver module.
The library wraps Circuits.SPI and Circuits.GPIO to handle common
nRF24L01+ configuration (addresses, channels, payload sizes, ACK/CRC,
retransmits) and runtime operations (listening for RX and sending TX
payloads with CE control). It defaults to Enhanced ShockBurst with
auto-acknowledgement (ACK) and CRC enabled.
This README includes wiring guidance, setup instructions, and
step-by-step examples for Raspberry Pi and Arduino
interoperability. It also includes a brief advanced section for using
the low-level Nrf24.Transciever API directly.
Important electrical notes:
	The nRF24L01+ is a 3.3V device. Do not power it from 5V and ensure
all logic lines are 3.3V.
	Place a decoupling capacitor (e.g., 10–47 µF electrolytic + 100 nF
ceramic) as close as possible to the module’s VCC/GND pins to avoid
brownouts and flaky behavior.

Pinout
[image: nRF24L01 Pinout]
Raspberry Pi wiring
Typical Raspberry Pi (BCM numbering) wiring:
	nRF24L01+	Raspberry Pi (GPIO)	RPi 3B+ pin no.
	GND	GND	6
	VCC	3.3V	1
	CE	17	11
	CSN	8	24
	SCK	11	23
	MOSI	10	19
	MISO	9	21

Notes:
	CE (chip enable) must be a GPIO you control from software (e.g.,
GPIO17).
	CSN (chip select) can be wired to a GPIO. This library asserts CSN
via GPIO during TX payload writes. Using GPIO8 (SPI0 CE0) is common;
it is both the default SPI chip-select and an addressable GPIO. If
your platform does not allow toggling the hardware CS as a normal
GPIO, wire CSN to an alternate free GPIO instead and use that GPIO
number as csn_pin.
	SPI signals use SPI0 by default: SCK = GPIO11, MOSI = GPIO10, MISO =
GPIO9.

Raspberry Pi 3B+ pinout reference:
[image: Raspberry PI 3B+ Pinout]
Arduino
Wiring
The library was tested with a second nRF24L01+ module connected to an
Arduino Nano:
	nRF24L01+	Arduino
	GND	GND
	VCC	+3V3
	CE	D9
	CSN	D10
	SCK	D13
	MOSI	D11
	MISO	D12

[image: Arduino Nano Pinout]
Arduino library
Use the RF24 Arduino library and the GettingStarted example for a
quick peer to the Elixir side: https://nrf24.github.io/RF24/
Ensure both sides use:
	The same 5-byte address for TX/RX pipe 0 when auto-ack is enabled.
	The same channel and data rate.
	Matching payload sizes (unless using dynamic payloads).

Prerequisites
	Linux SBC (e.g., Raspberry Pi) with SPI enabled.
	Elixir and Mix installed.
	SPI and GPIO accessible to the running user:	On Raspberry Pi OS:	Enable SPI: sudo raspi-config → Interface Options → SPI → Enable
	Optional: add your user to groups: sudo usermod -aG spi,gpio $(whoami)




	Dependencies: Circuits.SPI, Circuits.GPIO (transitive via this package).

Selecting an SPI bus:
	Circuits.SPI enumerates available buses; on Raspberry Pi you’ll
usually see ["spidev0.0", "spidev0.1"].
	spidev0.0 often corresponds to CE0, spidev0.1 to CE1.
	You can list them in IEx: Circuits.SPI.bus_names()

Circuits.SPI basics (relevant to this library):
	SPI is full-duplex: for every bit clocked out, one is clocked in.
	Circuits.SPI.transfer/2 sends a binary and returns {:ok,
response_binary}, where the response is exactly the same size as the
request.
	To read N bytes from a device register, the host sends a one-byte
READ command followed by N dummy bytes (0x00 or 0xFF). The first
received byte is typically a STATUS byte, followed by the requested
N bytes.

This library opens the SPI bus using Circuits.SPI.open(bus_name) with
default options (SPI mode 0). nRF24L01+ requires SPI mode 0 (CPOL=0,
CPHA=0).
Installation
Add nrf24 to your deps in mix.exs:
def deps do
  [
    {:nrf24, "~> 2.0.0"}
  ]
end
Fetch deps:
mix deps.get

Quick start
The Nrf24 module is a GenServer that owns the SPI handle and knows
your CE/CSN GPIOs. It provides convenience functions for common
operations.
Addresses and payload sizes:
	Pipe 0 and 1 use 5-byte addresses (e.g., "1Node",
<<0xE7,0xE7,0xE7,0xE7,0xE7>>).
	Pipes 2..5 override only the least-significant byte of pipe 1’s
address and take a 1-byte suffix (integer 0..255).
	Payload is 1..32 bytes unless dynamic payloads are enabled (not
enabled by default here).

Data rate and channel must match on both peers. The examples below
use:
	Channel 0x4C (76 decimal) — free to change, but keep both ends the
same.
	Speed :medium (1 Mbps). This setting is commonly robust with the
nRF24L01+ modules and wiring found in hobby setups.

Receiving data
{:ok, nrf} =
  Nrf24.start_link(
    bus_name: "spidev0.0",
    ce_pin: 17,   # GPIO17 for CE
    csn_pin: 8,   # GPIO8 for CSN (can be any GPIO you wired to CSN)
    channel: 0x4C,
    crc_length: 2,
    speed: :medium,
    pipes: [
      [pipe_no: 0, address: "1Node", payload_size: 4, auto_ack: true]
    ]
  )

# Put the radio into RX and assert CE
:ok = Nrf24.start_listening(nrf)

# Block up to ~30s waiting for one payload (default timeout in library)
case Nrf24.receive(nrf, 4) do
  {:ok, %{pipe: pipe_no, data: <<a, b, c, d>>}} ->
    IO.puts("Received on pipe #{pipe_no}: #{inspect({a, b, c, d})}")

  {:error, :no_data} ->
    IO.puts("No data received within timeout")

  {:error, reason} ->
    IO.puts("Receive error: #{inspect(reason)}")
end

# Deassert CE and power down
:ok = Nrf24.stop_listening(nrf)
Tips:
	Ensure the sender is using the same channel, data rate, and the
receiver’s pipe 0 address matches the sender’s TX/RX_P0 address when
auto-ack is enabled.
	The payload_size passed to Nrf24.receive/2 must match the pipe’s
configured RX_PW_Px value (unless using dynamic payloads).

Sending data
{:ok, nrf} =
  Nrf24.start_link(
    bus_name: "spidev0.0",
    ce_pin: 17,
    csn_pin: 8,
    channel: 0x4C,
    crc_length: 2,
    speed: :medium
  )

# 4-byte little-endian float as an example payload
data = <<9273.69::float-little-size(32)>>

# Send asynchronously to receiver address (must be 5 bytes)
# When auto-ack is on, TX_ADDR must equal the receiver's RX_ADDR_P0
Nrf24.send(nrf, "2Node", data)
Notes:
	send/3 is asynchronous and returns immediately. The library asserts
CE to trigger TX and deasserts it shortly after automatically.
	Max payload is 32 bytes.
	For reliable ACKs, ensure the receiver has pipe 0 enabled with the
same 5-byte address and that both peers share channel and data rate.

API overview
Common operations:
# Change RF channel (0..125 typical)
{:ok, _} = Nrf24.set_channel(nrf, 76)

# CRC length: 1 or 2 bytes
{:ok, _} = Nrf24.set_crc_length(nrf, 2)

# Power management
{:ok, _} = Nrf24.power_on(nrf)
{:ok, _} = Nrf24.power_off(nrf)

# RX/TX mode
{:ok, _} = Nrf24.set_receive_mode(nrf)
{:ok, _} = Nrf24.set_transmit_mode(nrf)

# Enable/disable auto-ack per pipe (0..5)
{:ok, _} = Nrf24.ack_on(nrf, 0)
{:ok, _} = Nrf24.ack_off(nrf, 0)

# Enable/disable a pipe
{:ok, _} = Nrf24.enable_pipe(nrf, 0)
{:ok, _} = Nrf24.disable_pipe(nrf, 0)

# Configure a pipe in one go
{:ok, nil} =
  Nrf24.set_pipe(nrf, 1,
    address: "Rcvr1",
    payload_size: 6,
    auto_acknowledgement: true
  )

# Retransmit tuning
{:ok, _} = Nrf24.set_retransmit_delay(nrf, 2)  # 2->750µs (see datasheet mapping)
{:ok, _} = Nrf24.set_retransmit_count(nrf, 15) # up to 15 retries

# Low-level register access
{:ok, _} = Nrf24.write_register(nrf, :rf_ch, 76)
val = Nrf24.read_register(nrf, :rf_ch)
addr_p1 = Nrf24.read_register(nrf, :rx_addr_p1, 5)

# Reset device to a known baseline configuration
{:ok, _} = Nrf24.reset_device(nrf)
Notes on speed:
	The RF data rate setting is library-dependent. The examples use
speed: :medium (1 Mbps), which is the most common and robust. Other
speed atoms may vary by version. If unsure, prefer :medium.

Advanced: using the low-level Transceiver API
If you want full control or to script SPI operations directly in IEx,
use Nrf24.Transciever.
Example (TX) using direct SPI:
alias Circuits.SPI
alias Circuits.GPIO
alias Nrf24.Transciever

# Choose your SPI bus from Circuits.SPI.bus_names()
{:ok, spi} = SPI.open("spidev0.0")

# Configure
Transciever.reset(spi)  # Optional: baseline
Transciever.set_channel(spi, 76)
Transciever.set_crc_length(spi, 2)
# Data rate configuration is library-dependent;
# :medium is a safe default path via Nrf24 GenServer.

# Prepare TX: sets TX mode, programs TX_ADDR and RX_ADDR_P0
# to same 5-byte value, enables ACK on P0, clears IRQ, powers up
Transciever.start_sending(spi, "2Node")

# Send: CSN is toggled via a GPIO you supply, CE toggled via another GPIO
csn_pin = 8
ce_pin = 17
payload = <<"Hi!">>
{:ok, ce} = Transciever.send(spi, payload, csn_pin, ce_pin)

# Finish TX
Transciever.stop_sending(ce)
Example (RX) using direct SPI:
alias Circuits.SPI
alias Nrf24.Transciever

{:ok, spi} = SPI.open("spidev0.0")

Transciever.reset(spi) # Optional
Transciever.set_channel(spi, 76)
Transciever.set_pipe(
  spi,
  0,
  address: "1Node",
  payload_size: 4,
  auto_acknowledgement: true)

# Start listening (CE high while in RX mode)
Transciever.start_listening(spi, 17)

# Poll for a single payload (4 bytes)
case Transciever.receive(spi, 4) do
  {:ok, %{pipe: p, data: <<a, b, c, d>>}} ->
    IO.puts("RX pipe #{p}: #{inspect({a, b, c, d})}")

  {:error, :no_data} ->
    IO.puts("No data available")

  {:error, reason} ->
    IO.puts("RX error: #{inspect(reason)}")
end

# Stop listening (CE low, power down)
Transciever.stop_listening(spi, 17)
Debug/inspection helpers:
	Transciever.print_details/1 prints a concise summary of the radio
state (STATUS, addresses, payload widths, CONFIG, EN_AA, EN_RXADDR,
RF_CH, RF_SETUP, FIFO_STATUS).
	You can also read any register with Transciever.read_register/3.

Tips and troubleshooting
	Power and decoupling:
	Use a stable 3.3V rail capable of sourcing the burst current the
radio needs (at least 100 mA headroom recommended).
	If communication is unreliable add capacitors near the module
(e.g., 10–47 µF electrolytic and 100 nF ceramic) soldered directly
to VCC and GND pins.


	Addressing and ACK:
	For auto-ack to work, the sender’s TX_ADDR must equal the
receiver’s RX_ADDR_P0.
	Ensure the receiver has the corresponding pipe enabled and payload
width configured.


	Channel and speed:
	Both peers must use the same channel and RF data rate.
	1 Mbps is a good default for reliability with basic wiring.


	CE/CSN:
	CE must be driven high in RX to receive. In TX, CE high triggers
transmission after the payload is written.
	This library asserts CSN via a GPIO when writing the TX
payload. If CSN is instead wired strictly to a hardware
chip-select line that’s not available as a GPIO, you may need to
rework wiring or remove manual CSN control in the code path you
use.


	SPI bus:
	Verify SPI devices are present: Circuits.SPI.bus_names()
	Ensure SPI is enabled in the OS and the running user has
permissions to /dev/spidevX.Y and GPIO.


	No data conditions:
	If you get {:error, :no_data}, confirm the peer is actually
sending to your address/pipe and that CE is asserted in RX.
	Check STATUS and FIFO registers to diagnose conditions. Using
Transciever.print_details/1 on a direct SPI handle can be helpful.


	Range and interference:
	Choose a channel away from congested 2.4 GHz bands (e.g., avoid
Wi-Fi channels if possible).
	Consider lower data rates for longer range or noisy environments.
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Library for trasmitting and receiveing data with nRF24L01+
transciever.
It works, by default, in ShockBurst mode with ACK (auto
acknowledgement) and CRC check enabled. However it can be
configured to disable both.
Examples
# Receiving data
{:ok, nrf} =
  Nrf24.start_link(
    bus_name: "spidev0.0",
    ce_pin: 17,
    csn_pin: 0,
    channel: 0x4C,
    crc_length: 2,
    speed: :medium,
    pipes: [[pipe_no: 0, address: "1Node", payload_size: 4, auto_ack: true]]
  )
Nrf24.start_listening(nrf)
Nrf24.receive(nrf, 4)
Nrf24.stop_listening(nrf)

# Sending data
{:ok, nrf} =
  Nrf24.start_link(
    bus_name: "spidev0.0",
    ce_pin: 17,
    csn_pin: 0,
    channel: 0x4C,
    crc_length: 2,
    speed: :medium,
  )
data = <<9273.69::float-little-size(32)>>
Nrf24.send(nrf, "2Node", data)
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          @type init_options() :: [
  name: GenServer.name(),
  bus_name: String.t(),
  ce_pin: integer(),
  csn_pin: integer(),
  channel: integer(),
  crc_length: 0 | 1 | 2,
  speed: :low | :medium | :hi,
  pipes: [
    [
      pipe_no: integer(),
      address: integer(),
      payload_size: integer(),
      auto_ack: boolean()
    ]
  ]
]
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          @spec start_link(init_options()) :: GenServer.on_start()


      


nRF24L01+ GenServer start_link options
	:name - GenServer nome
	:bus_name - SPI bus name (e.g. "spidev0.0", "spidev1.0", default: "spidev0.0")
	:ce_pin - Rasbperry PI pin to which transciever's CE pin is connected
	:csn_pin - Rasbperry PI pin to which transciever's CSN pin is connected
	:channel - Frequency channel on which transciever will operate (default: 0x4c)
	:crc_length - CRC length for transmitted data verification (values: 1, 2, default: 2)
	:speed - Data transfer speed (values: low, med, high, default: med)
	:pipes - Data pipes configuration to be used

Data speed values:
	:low - 250Kbp
	:medium - 1Mbps
	:high - 2Mbps

Pipe configuration options:
	:pipe_no - Pipe number (values 0 to 5)
	:address - For pipes 0 and 1 5-byte address and for other single byte address
	:payload_size - Size of data that will be received through the pipe
	:auto_ack - Turning auto-acknowledge on or off for the pipe (default: true)

If pipes configuration is missing, default, factory set, values will be used.
Example
{:ok, nrf} =
  Nrf24.start_link(
    bus_name: "spidev0.0",
    ce_pin: 17,
    csn_pin: 0,
    channel: 0x4C,
    crc_length: 2,
    speed: :medium,
    pipes: [[pipe_no: 0, address: "1Node", payload_size: 4, auto_ack: true]]
  )
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High-level helper around Circuits.SPI and Circuits.GPIO for configuring and
communicating with the Nordic nRF24L01+ 2.4GHz transceiver.
The module provides:
	Convenience functions for setting up addresses, channels, payload sizes, CRC,
auto-acknowledgement, retransmit parameters, and power/mode transitions.
	Helpers for starting RX ("listening") and TX ("sending") operation using a CE
(chip enable) GPIO pin.
	Direct register access utilities for debugging and advanced scenarios.
	Pretty-printers for common register sets.

SPI communication model (Circuits.SPI):
	SPI is full-duplex: on every clocked out bit, one bit is clocked in.
	Circuits.SPI.transfer/2 sends a binary command and returns {:ok, response}
where response is a binary of the exact same size as what you sent.
	To read N bytes from a device register, you typically send a one-byte "read
command" followed by N dummy bytes (often 0x00 or 0xFF). The first returned
byte is usually the device STATUS; the following N bytes are the data you
requested.

Selecting and opening an SPI bus (Circuits.SPI):
	Call Circuits.SPI.bus_names/0 to list the available SPI devices on your
system. On Linux SBCs (like the Raspberry Pi), typical values are:
  ["spidev0.0", "spidev0.1"]	The suffix ".0" and ".1" generally correspond to the controller’s
hardware chip-select lines (CS0 and CS1).


	Open the one you’ve wired your nRF24L01+ to:
  {:ok, spi} = Circuits.SPI.open("spidev0.0", mode: 0, speed_hz: 8_000_000)
Options of interest:	mode: SPI mode 0..3 (nRF24L01+ uses mode 0: CPOL=0, CPHA=0).
	speed_hz: SPI clock frequency in Hz (e.g., 1_000_000 to 10_000_000; the nRF24L01+
tolerates up to 10 MHz per datasheet; choose a stable value for your wiring).
The return value is a %Circuits.SPI.SPIDev{} handle used throughout this module.



CE and CSN wiring:
	CE (chip enable) must be controlled by a GPIO. In RX, CE high enables the
receiver; in TX, CE high triggers transmission of the loaded payload.
	CSN (SPI chip select):	In most setups, connect the nRF24L01+'s CSN pin to the hardware SPI chip
select of the chosen bus (e.g., Raspberry Pi CE0). Circuits.SPI will then
assert CS automatically during transfers.
	This module’s send/4 additionally allows asserting CSN via a GPIO while
writing the TX payload. If your CSN is wired to a general-purpose GPIO,
pass that GPIO number as csn_pin in send/4. If CSN is wired to the SPI
controller’s chip-select, many platforms don’t expose it as a GPIO; in
that case, consider wiring CSN to a dedicated GPIO or remove the manual CS
control from send/4 in your local copy. The remainder of this module
assumes standard SPI behavior (chip select is asserted during transfers).



Operating modes and defaults:
	By default, the device is used in Enhanced ShockBurst with auto-ack
(ACK) and CRC enabled.
	All register reads/writes here follow the nRF24L01+ register map.
	Functions that write registers typically return the low-level
Circuits.SPI.transfer/2 return value (e.g., {:ok, <<status, ...>>}) so you
can inspect the STATUS if desired. Callers often pattern match on {:ok, _}.

Basic SPI read/write example:
# Read a 3-byte payload using SPI full-duplex:
# 1) Send a single-byte READ-PAYLOAD command
# 2) Follow it with 3 dummy bytes so the device clocks out 3 bytes to us
cmd = <<0x61>> <> <<0x00, 0x00, 0x00>>   # 0x61 == R_RX_PAYLOAD
{:ok, <<_status, payload::binary-size(3)>>} = Circuits.SPI.transfer(spi, cmd)
Typical RX workflow:
{:ok, spi} = Circuits.SPI.open("spidev0.0", mode: 0, speed_hz: 8_000_000)

# Configure a pipe (address, payload size, enable, ACK on):
addr = "Rcvr1"                 # 5-byte address for pipe 1
:ok = Nrf24.Transciever.reset(spi)
{:ok, _} = Nrf24.Transciever.set_channel(spi, 76)  # example channel
{:ok, nil} =
  Nrf24.Transciever.set_pipe(spi, 1,
    address: addr,
    payload_size: 6,
    auto_acknowledgement: true
  )

# Start listening (CE high):
ce_pin = 25
{:ok, nil} = Nrf24.Transciever.start_listening(spi, ce_pin)

# Poll for data:
case Nrf24.Transciever.receive(spi, 6) do
  {:ok, %{pipe: p, data: <<a, b, c, d, e, f>>}} ->
    IO.puts("Got 6 bytes on pipe #{p}: #{inspect({a, b, c, d, e, f})}")
  {:error, :no_data} ->
    :timer.sleep(5)
  {:error, reason} ->
    IO.inspect(reason, label: "rx error")
end

# Stop listening (CE low, power down):
{:ok, nil} = Nrf24.Transciever.stop_listening(spi, ce_pin)
Typical TX workflow:
{:ok, spi} = Circuits.SPI.open("spidev0.0", mode: 0, speed_hz: 8_000_000)

# TX and pipe0 must share the same 5-byte address when auto-ack is enabled:
tx_addr = <<0x0a, 0x0b, 0x0c, 0x0d, 0x0e>>
:ok = Nrf24.Transciever.reset(spi)
{:ok, _} = Nrf24.Transciever.set_channel(spi, 76)

# Prepare the radio for TX:
:ok = Nrf24.Transciever.start_sending(spi, tx_addr)

# Trigger a send:
csn_pin = 8   # Example only; see "CE and CSN wiring" notes above
ce_pin  = 25
data = <<"hello!">>  # up to 32 bytes
{:ok, ce} = Nrf24.Transciever.send(spi, data, csn_pin, ce_pin)

# When finished, bring CE low and release the pin:
:ok = Nrf24.Transciever.stop_sending(ce)
Safety and wiring reminders:
	The nRF24L01+ is a 3.3V device. Do not supply it with 5V and ensure SPI pins
are 3.3V compatible.
	Keep SPI wires short and use a decoupling capacitor near the module.


      


      
        Summary


  
    Functions
  


    
      
        ack(spi, pipe_no, on \\ true)

      


        Enable or disable auto-acknowledgement per pipe.



    


    
      
        details(spi)

      


        Return a string with multi-line dump of key configuration and FIFO status to stdout.



    


    
      
        disable_pipe(spi, pipe_no)

      


        Disable an RX pipe in EN_RXADDR.



    


    
      
        enable_pipe(spi, pipe_no)

      


        Enable an RX pipe in EN_RXADDR.



    


    
      
        get_channel(spi)

      


        Read the current RF channel.



    


    
      
        power_off(spi)

      


        Set PWR_UP=0 (power down the device).



    


    
      
        power_on(spi)

      


        Set PWR_UP=1 (power up the device).



    


    
      
        print_details(_)

      


    


    
      
        read_register(spi, reg, bytes_no \\ 1)

      


        Read one or more bytes from a register.



    


    
      
        receive(spi, payload_size)

      


        Read one payload from RX FIFO, if available.



    


    
      
        reset(spi)

      


        Reset registers to a known default configuration.



    


    
      
        reset_status(spi)

      


        Clear RX_DR, TX_DS, and MAX_RT in STATUS, i.e., reset the standard IRQ flags.



    


    
      
        send(spi, data, csn_pin, ce_pin)

      


        Send a payload (1..32 bytes). Uses auto-ack by default.



    


    
      
        set_channel(spi, channel)

      


        Set the RF channel (frequency) used to receive/transmit.



    


    
      
        set_crc_length(spi, length)

      


        Configure CRC length.



    


    
      
        set_payload_size(spi, pipe_no, payload_size)

      


        Set the static payload size for a given RX pipe.



    


    
      
        set_pipe(spi, pipe_no, options \\ [])

      


        Configure an RX pipe: address, payload size, auto-ack, and enable it.



    


    
      
        set_pipe_address(spi, pipe_no, address)

      


        Set an RX pipe address.



    


    
      
        set_receive_mode(spi)

      


        Put the radio into receive mode (PRIM_RX=1).



    


    
      
        set_retransmit_count(spi, count)

      


        Set Auto Retransmit Count (ARC).



    


    
      
        set_retransmit_delay(spi, delay)

      


        Set Auto Retransmit Delay (ARD).



    


    
      
        set_speed(spi, speed)

      


        Configure RF data rate.



    


    
      
        set_transmit_address(spi, address)

      


        Set the TX address.



    


    
      
        set_transmit_mode(spi)

      


        Put the radio into transmit mode (PRIM_RX=0).



    


    
      
        start_listening(spi, ce_pin_no)

      


        Prepare the device for receiving data.



    


    
      
        start_sending(spi, address)

      


        Prepare the device for TX.



    


    
      
        stop_listening(spi, ce_pin_no)

      


        Stop receiving: power down and drive CE low.



    


    
      
        stop_sending(ce)

      


        Bring CE low and release the CE GPIO reference obtained from send/4.



    


    
      
        write_register(spi, reg, value)

      


        Write a register with an integer or binary value.



    





      


      
        Functions


        


    

  
    
      
    
    
      ack(spi, pipe_no, on \\ true)



        
          
        

    

  


  

Enable or disable auto-acknowledgement per pipe.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* pipe_no: 0..5
* on: boolean (default: true)
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_pipe_value} otherwise
Example:
# Disable auto-ack on pipe 2:
{:ok, _} = Nrf24.Transciever.ack(spi, 2, false)

  



  
    
      
    
    
      details(spi)



        
          
        

    

  


  

Return a string with multi-line dump of key configuration and FIFO status to stdout.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Output:
* Lines include STATUS, addresses, RX payload widths, CONFIG, EN_AA, EN_RXADDR,
  RF_CH, RF_SETUP, and FIFO_STATUS with bit-level interpretation.
Example:
Nrf24.Transciever.print_details(spi)
|> IO.puts()

  



  
    
      
    
    
      disable_pipe(spi, pipe_no)



        
          
        

    

  


  

Disable an RX pipe in EN_RXADDR.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* pipe_no: 0..5
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_pipe_number} otherwise

  



  
    
      
    
    
      enable_pipe(spi, pipe_no)



        
          
        

    

  


  

Enable an RX pipe in EN_RXADDR.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* pipe_no: 0..5
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_pipe_number} otherwise

  



  
    
      
    
    
      get_channel(spi)



        
          
        

    

  


  

Read the current RF channel.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Return:
* channel :: 0..255 as integer
* {:error, :invalid_spi} if argument is invalid.
Example:
ch = Nrf24.Transciever.get_channel(spi)
IO.puts("Channel = #{ch}")

  



  
    
      
    
    
      power_off(spi)



        
          
        

    

  


  

Set PWR_UP=0 (power down the device).
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi} otherwise

  



  
    
      
    
    
      power_on(spi)



        
          
        

    

  


  

Set PWR_UP=1 (power up the device).
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi} otherwise
Notes:
* Respect the datasheet’s power-up timing before issuing further commands that
  depend on the device being fully powered.

  



  
    
      
    
    
      print_details(_)



        
          
        

    

  


  


  



    

  
    
      
    
    
      read_register(spi, reg, bytes_no \\ 1)



        
          
        

    

  


  

Read one or more bytes from a register.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* reg: atom for the target register
* bytes_no: positive integer (default 1)
Return:
* When bytes_no == 1: integer (0..255)
* When bytes_no > 1: binary of length bytes_no
* {:error, :invalid_spi} if arguments are invalid
Details:
* Implements the SPI read pattern by sending the READ_REGISTER command and
  appending bytes_no dummy bytes (0xFF) to clock out the register contents.
Examples:
# Single byte:
config = Nrf24.Transciever.read_register(spi, :config)

# Multiple bytes (e.g., 5-byte address):
addr = Nrf24.Transciever.read_register(spi, :rx_addr_p1, 5)

  



  
    
      
    
    
      receive(spi, payload_size)



        
          
        

    

  


  

Read one payload from RX FIFO, if available.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* payload_size: number of bytes to read (1..32). Must match the configured
  RX_PW_Px for the pipe that delivered the payload unless dynamic payloads are enabled.
Return:
* {:ok, %{pipe: integer_pipe_no, data: bitstring_payload}} on success
* {:error, :no_data} if RX FIFO is empty
* {:error, :unexpected_data_in_fifo} for unexpected responses
* {:error, :invalid_spi} if invalid argument
Details:
* STATUS.RX_P_NO bits indicate which pipe has available data.
* Uses R_RX_PAYLOAD (0x61) comman and appends dummy bytes to clock out the payload.
Status register bits are (pg. 56 of datasheet PDF):
* Bit 7 - Reserved
* Bit 6 (`RX_DR`) - Data ready RX FIFO interrupt. Asserted when
  new data arrives RX FIFO.
* Bit 5 (`TX_DS`) - Data sent TX FIFO interrupt. Asserted when
  packet transmitted on TX.
* Bit 4 (`MAX_RT`) - Maximum number of TX retransmits interrupt.
* Bit 3-1 (`RX_P_NO`) - Data pipe number for the payload available
  for reading from RX_FIFO.
  000 - 101: Data pipe number
  110: Not used
  111: RX FIFO empty
* Bit 0 (`TX_FULL`) - TX FIFO full flag.
  1 - TX FIFO full.
  0 - Available locations in TX FIFO.
Example:
case Nrf24.Transciever.receive(spi, 6) do
  {:ok, %{pipe: p, data: payload}} -> IO.inspect({p, payload})
  {:error, :no_data} -> :ok
end

  



  
    
      
    
    
      reset(spi)



        
          
        

    

  


  

Reset registers to a known default configuration.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Return:
* {:ok, response_binary} from the last write (intermediate writes also occur)
Details:
* Writes default CONFIG, RX/TX addresses, payload widths, EN_AA, EN_RXADDR,
  RF_CH, RF_SETUP, etc., similar to datasheet defaults.
* Useful before custom configuration to ensure a clean baseline.
Example:
:ok = Nrf24.Transciever.reset(spi)

  



  
    
      
    
    
      reset_status(spi)



        
          
        

    

  


  

Clear RX_DR, TX_DS, and MAX_RT in STATUS, i.e., reset the standard IRQ flags.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi} otherwise

  



  
    
      
    
    
      send(spi, data, csn_pin, ce_pin)



        
          
        

    

  


  

Send a payload (1..32 bytes). Uses auto-ack by default.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* data: binary (max 32 bytes)
* csn_pin: integer GPIO for CSN (see "CE and CSN wiring" in moduledoc)
* ce_pin: integer GPIO for CE
Behavior:
* Asserts CSN low (via GPIO), writes W_TX_PAYLOAD (0xA0) + data over SPI, then
  asserts CE high to trigger the send. Returns the CE GPIO resource so the
  caller can later call stop_sending/1.
* The SPI write follows full-duplex semantics; only the STATUS byte is meaningful
  in the returned value from the internal SPI.transfer call. It’s ignored here.
Return:
* {:ok, ce_gpio_ref} on success
* {:error, :invalid_spi} if the input does not match expectations
Example:
{:ok, ce} = Nrf24.Transciever.send(spi, <<"hello">>, csn_pin, ce_pin)
:ok = Nrf24.Transciever.stop_sending(ce)

  



  
    
      
    
    
      set_channel(spi, channel)



        
          
        

    

  


  

Set the RF channel (frequency) used to receive/transmit.
Parameters:
* spi: %Circuits.SPI.SPIDev{} returned by Circuits.SPI.open/2
* channel: integer 1..255 (nRF24L01+ datasheet defines valid channels as 0..125,
  but this function accepts 1..255 as a guard; ensure your chosen channel is
  compatible with your peer and region).
Return:
* {:ok, response_binary} on success, where the first byte is the STATUS register
  returned during the write operation; subsequent bytes may be undefined.
* {:error, :invalid_spi_or_channel_value} if arguments are invalid.
Example:
{:ok, spi} = SPI.open("spidev0.0", mode: 0, speed_hz: 8_000_000)
{:ok, _} = Nrf24.Transciever.set_channel(spi, 76)

  



  
    
      
    
    
      set_crc_length(spi, length)



        
          
        

    

  


  

Configure CRC length.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* length: 1 or 2 (bytes)
Behavior:
* Sets the CRCO bit in CONFIG accordingly. CRC is expected to be enabled in the
  default configuration; if not, enable with CONFIG.EN_CRC.
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_crc_length} otherwise
Example:
{:ok, _} = Nrf24.Transciever.set_crc_length(spi, 2)

  



  
    
      
    
    
      set_payload_size(spi, pipe_no, payload_size)



        
          
        

    

  


  

Set the static payload size for a given RX pipe.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* pipe_no: 0..5
* payload_size: 1..32 bytes
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_payload_size} otherwise
Example:
{:ok, _} = Nrf24.Transciever.set_payload_size(spi, 1, 6)

  



    

  
    
      
    
    
      set_pipe(spi, pipe_no, options \\ [])



        
          
        

    

  


  

Configure an RX pipe: address, payload size, auto-ack, and enable it.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* pipe_no: 0..5
* options (Keyword):
  * :address
    * Pipe 0 and 1: 5-byte binary or 5-char string
    * Pipes 2..5: 1-byte binary (<<x>>) or integer x (0..255)
  * :payload_size (default: 32)
  * :auto_acknowledgement (default: true)
Return:
* {:ok, nil} on success
* {:error, reason} if any of the steps fails
Examples:
# Enable pipe 1 with address 0x0a0b0c0d0e and payload size 6:
{:ok, spi} = SPI.open("spidev0.0")
address = <<0x0a, 0x0b, 0x0c, 0x0d, 0x0e>>
{:ok, nil} = Nrf24.Transciever.set_pipe(spi, 1, address: address, payload_size: 6)

# Enable pipe 4 with address 0xa7 and payload size 12:
{:ok, nil} = Nrf24.Transciever.set_pipe(spi, 4, address: <<0xa7>>, payload_size: 12)

  



  
    
      
    
    
      set_pipe_address(spi, pipe_no, address)



        
          
        

    

  


  

Set an RX pipe address.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* pipe_no: 0..5
* address:
  * For pipes 0 and 1: a 5-byte binary (<<_::8, _::8, _::8, _::8, _::8>>), e.g., "Recv1"
or <<0xE7, 0xA0, 0x17, 0x13, 0x25>>.
  * For pipes 2..5: a single byte integer (0..255). These pipes share the high
4 bytes with pipe 1 and only override the least significant byte.
Return:
* {:ok, response_binary} on success
* {:error, :invalid_pipe_address} otherwise
Examples:
# Pipe 0, mnemonic string:
{:ok, _} = Nrf24.Transciever.set_pipe_address(spi, 0, "Recv1")

# Pipe 1, explicit 5-byte address:
{:ok, _} = Nrf24.Transciever.set_pipe_address(spi, 1, <<0xe7, 0xa0, 0x17, 0x13, 0x25>>)

# Pipe 4, single-byte suffix:
{:ok, _} = Nrf24.Transciever.set_pipe_address(spi, 4, 147)

  



  
    
      
    
    
      set_receive_mode(spi)



        
          
        

    

  


  

Put the radio into receive mode (PRIM_RX=1).
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi} otherwise
Notes:
* After setting receive mode, call start_listening/2 to assert CE and power up.

  



  
    
      
    
    
      set_retransmit_count(spi, count)



        
          
        

    

  


  

Set Auto Retransmit Count (ARC).
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* count: integer 0..15 (number of retransmissions before giving up)
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_retransmit_count_value} otherwise
Note:
* This function writes bits [3:0] of SETUP_RETR and overwrites the entire
  register. Combine with set_retransmit_delay/2 carefully (see its docs).

  



  
    
      
    
    
      set_retransmit_delay(spi, delay)



        
          
        

    

  


  

Set Auto Retransmit Delay (ARD).
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* delay: integer 0..15 corresponding to:
  0 -> 250 µs, 1 -> 500 µs, 2 -> 750 µs, ... 15 -> 4000 µs
  (Time from end of a TX to start of next TX.)
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_retransmit_delay_value} otherwise
Notes:
* nRF24L01+ timing constraints:
  * 2 Mbps: if ACK payload > 15 bytes, ARD must be >= 500 µs.
  * 1 Mbps: if ACK payload > 5 bytes, ARD must be >= 500 µs.
  * 250 kbps: ARD must be >= 500 µs.

* This function writes bits [7:4] of SETUP_RETR (by shifting delay << 4).
  If you also set the retransmit count via set_retransmit_count/2, call
  both in an order that results in the desired final [7:4] and [3:0]
  nibbles (each call overwrites the other nibble in this implementation).

  



  
    
      
    
    
      set_speed(spi, speed)



        
          
        

    

  


  

Configure RF data rate.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* speed: one of:
  * :min    -> 250 kbps  (RF_DR_LOW=1, RF_DR_HIGH=0)
  * :medium -> 1 Mbps    (RF_DR_LOW=0, RF_DR_HIGH=0)
  * :max    -> 2 Mbps    (RF_DR_LOW=0, RF_DR_HIGH=1)
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_orspeed_value} otherwise
Example:
{:ok, _} = Nrf24.Transciever.set_speed(spi, :max)

  



  
    
      
    
    
      set_transmit_address(spi, address)



        
          
        

    

  


  

Set the TX address.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* address: 5-byte binary
Behavior:
* In auto-ack mode, TX_ADDR must equal RX_ADDR_P0 on the receiver side.
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi_or_transmit_address} otherwise

  



  
    
      
    
    
      set_transmit_mode(spi)



        
          
        

    

  


  

Put the radio into transmit mode (PRIM_RX=0).
Parameters:
* spi: %Circuits.SPI.SPIDev{}
Return:
* {:ok, response_binary} on success
* {:error, :invalid_spi} otherwise
Notes:
* Typically combined with start_sending/2 which also sets addresses and powers up.

  



  
    
      
    
    
      start_listening(spi, ce_pin_no)



        
          
        

    

  


  

Prepare the device for receiving data.
Steps:
* Set PRIM_RX=1.
* Power up.
* Clear IRQ flags in STATUS.
* Drive CE high via the provided GPIO pin.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* ce_pin_no: integer GPIO number connected to CE
Return:
* {:ok, nil} on success
* {:error, reason} otherwise
Notes:
* After calling this, poll receive/2 to fetch data. When finished, call
  stop_listening/2 to power down and deassert CE.

  



  
    
      
    
    
      start_sending(spi, address)



        
          
        

    

  


  

Prepare the device for TX.
Steps:
* Set PRIM_RX=0 (TX mode).
* Program RX_ADDR_P0 and TX_ADDR with the same 5-byte address (required for
  auto-ack with pipe 0).
* Ensure auto-ack is enabled on pipe 0.
* Clear IRQ flags in STATUS.
* Power up.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* address: 5-byte binary
Return:
* :ok on success
* {:error, reason} otherwise
Follow up:
* Call send/4 to write the payload and assert CE to transmit, then
  stop_sending/1 to deassert CE.

  



  
    
      
    
    
      stop_listening(spi, ce_pin_no)



        
          
        

    

  


  

Stop receiving: power down and drive CE low.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* ce_pin_no: integer GPIO number for CE
Return:
* {:ok, nil} on success
* {:error, reason} otherwise

  



  
    
      
    
    
      stop_sending(ce)



        
          
        

    

  


  

Bring CE low and release the CE GPIO reference obtained from send/4.
Parameters:
* ce: %Circuits.GPIO{} returned by send/4
Return:
* :ok
Notes:
	Call this after a send to complete the TX cycle and deassert CE.


  



  
    
      
    
    
      write_register(spi, reg, value)



        
          
        

    

  


  

Write a register with an integer or binary value.
Parameters:
* spi: %Circuits.SPI.SPIDev{}
* reg: one of the known atoms in this module (e.g., :config, :rf_ch, :rx_addr_p0, etc.)
* value:
  * integer (0..255) for single-byte registers
  * binary for multi-byte registers (e.g., 5-byte addresses)
Return:
* {:ok, response_binary} from Circuits.SPI.transfer/2
Notes:
* The response’s first byte is the device STATUS; additional bytes (if any)
  are what the device clocked out while your value was clocked in.
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