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Use an Adafruit FT232H breakout board
(or any USB-attached FT232H) as an I2C master, SPI master, or GPIO controller
from your host machine via the
circuits_i2c,
circuits_spi, and
circuits_gpio APIs.
This lets you develop and test I2C/SPI/GPIO device drivers on your laptop with
real hardware on the bus — no Raspberry Pi or Nerves target needed in the loop.
Status: early release. Tested against an Adafruit FT232H breakout on
Linux. See CHANGELOG.md for what's in each version.

Quick start
# mix.exs
def deps do
  [
    {:circuits_ft232h, "~> 0.1"}
  ]
end
# config/config.exs
import Config

# Pick the backends you actually want. Pulling in the dep is harmless if you
# only enable one or two.
config :circuits_i2c, default_backend: CircuitsFT232H.I2C.Backend
config :circuits_spi, default_backend: CircuitsFT232H.SPI.Backend
config :circuits_gpio, default_backend: CircuitsFT232H.GPIO.Backend
Then use the Circuits libraries as usual:
# Enumerate
Circuits.I2C.bus_names()
#=> ["ftdi-3:8-i2c"]

# Open + scan
{:ok, i2c} = Circuits.I2C.open("ftdi-3:8-i2c")
Circuits.I2C.detect_devices(i2c)
#=> [0x29]
Bus / controller names are "ftdi-<id>" where <id> is the chip's USB bus
and address (e.g. "3:8"). Once FTDI serial numbers are read at init, this
will become the serial string instead.
How modes share a chip
A single FT232H has one MPSSE engine. We can use it as either an I2C
master or an SPI master at any one moment — whichever bus is opened
first locks the chip into that mode until it's closed. GPIO can run
alongside whichever protocol is active, on any pin the protocol doesn't
reserve:
	Active mode	Reserved pins	Free for GPIO
	none	—	AD0-AD7, AC0-AC7
	I2C	AD0-AD2	AD3-AD7, AC0-AC7
	SPI	AD0-AD3	AD4-AD7, AC0-AC7

Opening a GPIO pin reserved by the active protocol fails with
{:error, {:pin_reserved_by_protocol, mode, pin}}. Claiming an I2C/SPI
mode while a conflicting GPIO is open fails with
{:error, {:pin_busy, pin}}.
Wiring
The FT232H breakout exposes the MPSSE port on the D0-D7 pins (matching
the silkscreen labels AD0-AD7 in code) and the C0-C7 pins (matching
the labels AC0-AC7).
SPI
	Breakout pin	Code label	SPI signal
	D0	AD0	SCK
	D1	AD1	MOSI
	D2	AD2	MISO
	D3	AD3	CS (active low)
	GND	—	GND

{:ok, spi} = Circuits.SPI.open("ftdi-3:8-spi", mode: 0, speed_hz: 1_000_000)
{:ok, response} = Circuits.SPI.transfer(spi, <<0xAA, 0x55>>)
Circuits.SPI.close(spi)
Supported SPI options:
	:mode (0..3, default 0). Modes 1 and 3 (CPHA=1) enable MPSSE 3-phase
clocking; the effective SCK is ~2/3 of the requested rate in those modes.
	:speed_hz (default 1 MHz). FT232H supports up to 30 MHz.
	:lsb_first (default false).
	:bits_per_word accepted only when 8.
	:delay_us accepted but ignored — MPSSE has no native inter-byte delay.

I2C
	Breakout pin	Code label	I2C signal
	D0	AD0	SCL
	D1 and D2	AD1 + AD2	SDA (tied together)
	GND	—	GND

I2C requires:
	D1 and D2 jumpered together externally — the FT232H drives SDA on
AD1 and samples it on AD2. Without the jumper, reads always come back
as 0xFF.
	External pull-ups on SCL and SDA. Use 4.7 kΩ for 100 kHz
buses, 2.2 kΩ for 400 kHz, 1 kΩ for 1 MHz. The
FT232H's internal pull-ups are far too weak.

{:ok, i2c} = Circuits.I2C.open("ftdi-3:8-i2c", speed_hz: 100_000)
{:ok, chip_id} = Circuits.I2C.write_read(i2c, 0x29, <<0x00>>, 1)
Circuits.I2C.close(i2c)
Supported I2C options:
	:speed_hz (default 100 kHz, max 1 MHz).
	:clock_stretching (default false) — see below.

I2C transactions run at the requested bus rate via MPSSE 3-phase clocking
(ENABLE_DRIVE_ZERO + ENABLE_3_PHASE_CLOCKING per FTDI AN_108). On every
bus open, a 16-pulse bus-recovery sequence runs to free any slave stuck
holding SDA low from a previous crashed program.
Clock stretching
I2C slaves are allowed to hold SCL low to make the master wait while they
finish internal work (page writes, A/D conversions, etc.). MPSSE doesn't
detect this natively — its clock generator just keeps running. We can fix
this by reusing MPSSE's JTAG "adaptive clocking" feature: with ADBUS0
(SCL) externally jumpered to ADBUS7 (the RTCK pin), MPSSE can be told
to pause its clock until ADBUS7 actually reads high.
Enable per bus:
{:ok, i2c} = Circuits.I2C.open("ftdi-3:9-i2c", clock_stretching: true)
When :clock_stretching is true:
	ADBUS7 is reserved for the lifetime of the bus and rejected for GPIO opens.
	Every I2C transaction is wrapped in ENABLE_CLK_ADAPTIVE/DISABLE_CLK_ADAPTIVE
opcodes, leaving the chip free between transactions.

Wiring requirement: a wire jumpering D0 (SCL) directly to D7 (the silkscreen
label corresponding to ADBUS7).
Note: enabling clock stretching subtly changes the SCL waveform timing. A
few well-behaved slaves with picky tolerances may NACK when adaptive clocking
is on. If you only enable this for slaves that actually need it, you'll be fine.
GPIO
# By label (matches the breakout silkscreen)
{:ok, led} = Circuits.GPIO.open("AD7", :output, initial_value: 0)
Circuits.GPIO.write(led, 1)
Circuits.GPIO.read(led)
Circuits.GPIO.close(led)

# By integer (0..7 = AD0..AD7, 8..15 = AC0..AC7)
{:ok, pin} = Circuits.GPIO.open(12, :input)
Circuits.GPIO.read(pin)

# Fully qualified — required when multiple FT232Hs are attached
{:ok, pin} = Circuits.GPIO.open({"ftdi-3:8", "AD4"}, :output)
Pull modes:
	:not_set and :pullup accepted as no-ops. The FT232H always has weak
internal pull-ups (~75 kΩ) on inputs.
	:pulldown and :none return {:error, :not_supported} — neither is
controllable at runtime.

GPIO interrupts are emulated
Circuits.GPIO.set_interrupts/3 is supported, but be aware that the
FT232H has no hardware-generated pin-change notifications. We emulate
interrupts by sampling pin state on a fixed interval — by default every
10 ms — and emitting {:circuits_gpio, gpio_spec, timestamp, value}
messages on edges.
Pulses shorter than the poll interval will be missed. Multiple edges
within a single interval are collapsed into one notification with the final
state. Edge detection is purely host-side polling, not chip hardware.
Configure the poll interval with:
config :circuits_ft232h, gpio_poll_interval_ms: 5
Lower values reduce missable pulse width but use more USB bandwidth and
CPU. Practical floor is ~2 ms (USB round-trip latency). For fast
signals, use an actual microcontroller — this is a host-side development
tool, not a real-time peripheral.
:suppress_glitches is accepted but currently a no-op.
Installation
You need libusb-1.0 on the host:
	Debian/Ubuntu: sudo apt install libusb-1.0-0-dev
	macOS: brew install libusb

Linux
The kernel auto-binds the ftdi_sio driver to the FT232H, exposing it as a
serial port. CircuitsFT232H detaches that driver automatically each time
it opens the device — no permanent unbind is needed.
You'll need permission to talk to the USB device. The simplest fix is the
udev rule we ship in udev/99-ft232h.rules:
sudo cp udev/99-ft232h.rules /etc/udev/rules.d/
sudo udevadm control --reload-rules
sudo udevadm trigger

The rule combines a plugdev-group ownership with the modern uaccess tag,
so members of plugdev and the current local seat user both get access
without re-login.
macOS
Works with libusb once installed. Apple's built-in FTDI VCP driver
auto-binds similarly to Linux's ftdi_sio; the same detach-on-open approach
handles it.
Windows
Not yet supported.
Limitations
	No Windows support yet.
	GPIO "interrupts" are emulated via host-side polling (default 10 ms).
Pulses shorter than the poll interval will be missed. See the GPIO
section above.
	I2C clock stretching is opt-in and requires an external jumper from
D0 (SCL) to D7. See the I2C clock-stretching section above.
	FTDI serial numbers are read on enumeration and used as the canonical
chip id when programmed. Chips with a blank EEPROM fall back to
\"<bus>:<address>\", which is not stable across replugs.
	Circuits.I2C.write_read/5 uses a repeated-start condition; some I2C
peripherals (notably the Bosch BNO055) don't support repeated-start
reliably. Use separate write/4 + read/4 calls for those devices.
	:bits_per_word on SPI is hardcoded to 8.
	:delay_us between SPI transfers is accepted but ignored.

Documentation
Generated docs are at https://hexdocs.pm/circuits_ft232h. Or build them
yourself with mix docs.
Acknowledgements
The MPSSE protocol details, especially the I2C bit-banging tricks
(DRIVE_ZERO, 3-phase clocking, the AD1/AD2 SDA tied-pin pattern), and
the FTDI 1-bit-read LSB-positioning quirk, were all reverse-engineered from
pyftdi and FTDI Application Note
AN_108.
GitHub mirror
This repository is mirrored
on GitHub from its primary
location on my Forgejo instance.
Feel free to raise issues and open PRs on GitHub.
License
This software is licensed under the terms of the
Apache 2.0 license. See the
LICENSE file in this repository for the full terms.


  

    Change Log

All notable changes to this project will be documented in this file.
See Conventional Commits for commit guidelines.
v0.1.0 (2026-05-23)
Features:
	opt-in I2C clock stretching via adaptive clocking by James Harton

	emulated GPIO interrupts via polling by James Harton

	GPIO backend by James Harton

	I2C backend by James Harton

	SPI backend by James Harton

	Device GenServer + Registry + Application by James Harton

	chip init sequence and BAD_COMMAND validation by James Harton

	MPSSE command encoder by James Harton

	USB transport layer by James Harton




  

    
CircuitsFT232H 
    



      
Use an Adafruit FT232H breakout as an
I2C master, SPI master, or GPIO controller from your host machine, via the
circuits_i2c,
circuits_spi, and
circuits_gpio APIs.
Plug the FT232H into a USB port, point one or more of the Circuits libraries
at the backends supplied by this package, and your existing drivers run
unchanged against real hardware on your laptop.
# config/config.exs
import Config

config :circuits_i2c, default_backend: CircuitsFT232H.I2C.Backend
config :circuits_spi, default_backend: CircuitsFT232H.SPI.Backend
config :circuits_gpio, default_backend: CircuitsFT232H.GPIO.Backend
A single chip can act as either an I2C or an SPI master at any one time
(first-open wins), and as a GPIO controller alongside whichever protocol is
active — the CircuitsFT232H.Device GenServer enforces this and rejects
open requests that would conflict.
See the README for wiring diagrams, Linux/macOS setup, and
per-backend caveats.

      




  

    
CircuitsFT232H.Device 
    



      
A GenServer that owns the USB handle to one FT232H and serialises all
traffic with it.
Started once per physical chip and registered in CircuitsFT232H.Registry
by the device's id (currently "<bus>:<address>" — once we read FTDI
serial numbers this becomes the serial). All MPSSE traffic flows through
transaction/4, so the chip sees commands from at most one process at a
time.
The Device enforces two kinds of allocation:
	I2C/SPI mutual-exclusion lock — at most one of :i2c or :spi may
be active on a chip at once. claim_mode/2 returns
{:error, {:mode_busy, current}} for a conflicting claim.
	GPIO pin allocation — individual pins may be opened by GPIO
consumers, and the Device tracks which pins are claimed in which
direction. Pin claims are checked against the active protocol's
reserved pin set so the two don't fight over the same wires.


      


      
        Summary


  
    Types
  


    
      
        id()

      


        Canonical identifier for a physical FT232H.



    


    
      
        mode()

      


        Protocol modes a chip can be locked into.



    


    
      
        pin()

      


        Linear pin index. 0..7 map to ADBUS0..ADBUS7 ("AD0".."AD7"); 8..15
map to ACBUS0..ACBUS7 ("AC0".."AC7").



    


    
      
        pin_direction()

      


        Direction of a GPIO pin.



    


    
      
        t()

      


        Internal GenServer state.



    





  
    Functions
  


    
      
        claim_gpio_pin(id, pin, direction, initial_value \\ 0)

      


        Claims pin for GPIO use in the given direction. Fails if the pin is
already claimed, if it's reserved by the active protocol, or if pin is
out of range.



    


    
      
        claim_mode(id, requested, extra_pins \\ [])

      


        Claims one of the mutually-exclusive protocol modes for the chip.



    


    
      
        find_or_start(descriptor, opts \\ [])

      


        Starts a Device under CircuitsFT232H.DeviceSupervisor if one isn't
already running for the descriptor's id.



    


    
      
        gpio_pin_direction(id, pin)

      


        Returns the direction currently configured for pin, or nil if the pin
isn't open.



    


    
      
        id_for(descriptor)

      


        Returns the canonical id for a USB descriptor.



    


    
      
        mode(id)

      


        Returns the current protocol mode the chip is locked into.



    


    
      
        protocol_pins(mode)

      


        Returns the list of pins reserved by the given protocol mode. Pins outside
this list are available for GPIO use.



    


    
      
        read_gpio_bytes(id)

      


        Reads the current state of the low-byte (ADBUS0..7) and high-byte
(ACBUS0..7) ports in a single USB round-trip. Used by the GPIO poller to
detect edges across many pins without paying per-pin latency.



    


    
      
        read_gpio_pin(id, pin)

      


        Reads the current logic level of a previously-opened GPIO pin.



    


    
      
        release_gpio_pin(id, pin)

      


        Releases a previously-claimed GPIO pin and switches it back to input.



    


    
      
        release_mode(id)

      


        Releases whichever mode the chip is currently locked into.



    


    
      
        set_gpio_pin_direction(id, pin, direction)

      


        Changes the direction of an already-opened GPIO pin. The pin keeps its
current driven value when switching to output.



    


    
      
        start_link(opts)

      


        Starts a Device server for the FT232H described by :descriptor.



    


    
      
        stop(id)

      


        Stops the Device server for the given id.



    


    
      
        transaction(id, command, response_length \\ 0, timeout \\ 5000)

      


        Sends command (an MPSSE byte stream) to the chip and optionally reads
response_length bytes back.



    


    
      
        validate(id)

      


        Verifies the chip is in MPSSE mode and responding to commands by issuing
an unrecognised opcode and checking for the standard 0xFA <opcode> echo.



    


    
      
        whereis(id)

      


        Finds the pid of the Device server with the given id, if one is running.



    


    
      
        write_gpio_pin(id, pin, value)

      


        Writes value (0 or 1) to a previously-opened GPIO output pin.



    





      


      
        Types


        


  
    
      
    
    
      id()



    

  


  

      

          @type id() :: String.t()


      


Canonical identifier for a physical FT232H.
Prefers the chip's FTDI-programmed serial number string when one is
available (so the id is stable across replugs). Falls back to
"<bus>:<address>" if the chip has no serial or it couldn't be read
(e.g. permission denied).

  



  
    
      
    
    
      mode()



    

  


  

      

          @type mode() :: :none | :i2c | :spi


      


Protocol modes a chip can be locked into.

  



  
    
      
    
    
      pin()



    

  


  

      

          @type pin() :: 0..15


      


Linear pin index. 0..7 map to ADBUS0..ADBUS7 ("AD0".."AD7"); 8..15
map to ACBUS0..ACBUS7 ("AC0".."AC7").

  



  
    
      
    
    
      pin_direction()



    

  


  

      

          @type pin_direction() :: :input | :output


      


Direction of a GPIO pin.

  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CircuitsFT232H.Device{
  acbus_dir: byte(),
  acbus_value: byte(),
  adbus_dir: byte(),
  adbus_value: byte(),
  extra_reserved_pins: [pin()],
  gpio_pins: %{optional(pin()) => pin_direction()},
  id: id() | nil,
  mode: mode(),
  usb: CircuitsFT232H.USB.t() | nil
}


      


Internal GenServer state.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      claim_gpio_pin(id, pin, direction, initial_value \\ 0)



    

  


  

      

          @spec claim_gpio_pin(id(), pin(), pin_direction(), 0..1) :: :ok | {:error, term()}


      


Claims pin for GPIO use in the given direction. Fails if the pin is
already claimed, if it's reserved by the active protocol, or if pin is
out of range.
On success the pin is initialised — direction set, and for outputs the
initial value driven.

  



    

  
    
      
    
    
      claim_mode(id, requested, extra_pins \\ [])



    

  


  

      

          @spec claim_mode(id(), :i2c | :spi, [pin()]) ::
  :ok | {:error, {:mode_busy, mode()} | {:pin_busy, pin()}}


      


Claims one of the mutually-exclusive protocol modes for the chip.
Returns :ok if the chip is currently unclaimed (or already claimed in
the requested mode), or {:error, {:mode_busy, current_mode}} otherwise.
Also fails with {:error, {:pin_busy, pin}} if any currently-open GPIO
pin would conflict with the new mode.
extra_pins lets a backend reserve additional pins beyond the protocol's
defaults — e.g. the I2C backend reserves AD7 when clock stretching is
enabled, so a GPIO consumer can't grab the SCL-feedback pin.

  



    

  
    
      
    
    
      find_or_start(descriptor, opts \\ [])



    

  


  

      

          @spec find_or_start(
  CircuitsFT232H.USB.Descriptor.t(),
  keyword()
) :: {:ok, pid()} | {:error, term()}


      


Starts a Device under CircuitsFT232H.DeviceSupervisor if one isn't
already running for the descriptor's id.
Returns the existing pid if one is found. Use this from the I2C/SPI/GPIO
backends — multiple buses may map to the same physical chip.

  



  
    
      
    
    
      gpio_pin_direction(id, pin)



    

  


  

      

          @spec gpio_pin_direction(id(), pin()) :: pin_direction() | nil


      


Returns the direction currently configured for pin, or nil if the pin
isn't open.

  



  
    
      
    
    
      id_for(descriptor)



    

  


  

      

          @spec id_for(CircuitsFT232H.USB.Descriptor.t()) :: id()


      


Returns the canonical id for a USB descriptor.

  



  
    
      
    
    
      mode(id)



    

  


  

      

          @spec mode(id()) :: mode()


      


Returns the current protocol mode the chip is locked into.

  



  
    
      
    
    
      protocol_pins(mode)



    

  


  

      

          @spec protocol_pins(mode()) :: [pin()]


      


Returns the list of pins reserved by the given protocol mode. Pins outside
this list are available for GPIO use.

  



  
    
      
    
    
      read_gpio_bytes(id)



    

  


  

      

          @spec read_gpio_bytes(id()) :: {:ok, {byte(), byte()}} | {:error, term()}


      


Reads the current state of the low-byte (ADBUS0..7) and high-byte
(ACBUS0..7) ports in a single USB round-trip. Used by the GPIO poller to
detect edges across many pins without paying per-pin latency.

  



  
    
      
    
    
      read_gpio_pin(id, pin)



    

  


  

      

          @spec read_gpio_pin(id(), pin()) :: 0..1 | {:error, term()}


      


Reads the current logic level of a previously-opened GPIO pin.

  



  
    
      
    
    
      release_gpio_pin(id, pin)



    

  


  

      

          @spec release_gpio_pin(id(), pin()) :: :ok


      


Releases a previously-claimed GPIO pin and switches it back to input.

  



  
    
      
    
    
      release_mode(id)



    

  


  

      

          @spec release_mode(id()) :: :ok


      


Releases whichever mode the chip is currently locked into.

  



  
    
      
    
    
      set_gpio_pin_direction(id, pin, direction)



    

  


  

      

          @spec set_gpio_pin_direction(id(), pin(), pin_direction()) :: :ok | {:error, term()}


      


Changes the direction of an already-opened GPIO pin. The pin keeps its
current driven value when switching to output.

  



  
    
      
    
    
      start_link(opts)



    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts a Device server for the FT232H described by :descriptor.
Registers under the device's id in CircuitsFT232H.Registry. Subsequent
callers can locate the server via whereis/1 or by referring to it by
id in any of the public functions on this module.
Options:
	:descriptor (required) — the CircuitsFT232H.USB.Descriptor for
the chip.
	:latency_ms (default 16) — USB latency timer.


  



  
    
      
    
    
      stop(id)



    

  


  

      

          @spec stop(id()) :: :ok


      


Stops the Device server for the given id.

  



    

    

  
    
      
    
    
      transaction(id, command, response_length \\ 0, timeout \\ 5000)



    

  


  

      

          @spec transaction(id(), iodata(), non_neg_integer(), timeout()) ::
  :ok | {:ok, binary()} | {:error, term()}


      


Sends command (an MPSSE byte stream) to the chip and optionally reads
response_length bytes back.
command may be any iodata. If response_length is 0 the call
returns :ok once the bytes have been queued to the chip. Otherwise it
returns {:ok, binary} of exactly response_length payload bytes (the
USB status prefix is stripped).
Use this for protocol-level MPSSE sequences. For pin-level operations,
prefer write_gpio_pin/3, read_gpio_pin/2, and friends — they share
the Device's pin-state tracking so GPIO and protocol traffic don't
trample each other's bytes.

  



  
    
      
    
    
      validate(id)



    

  


  

      

          @spec validate(id()) :: :ok | {:error, term()}


      


Verifies the chip is in MPSSE mode and responding to commands by issuing
an unrecognised opcode and checking for the standard 0xFA <opcode> echo.

  



  
    
      
    
    
      whereis(id)



    

  


  

      

          @spec whereis(id()) :: {:ok, pid()} | {:error, :not_started}


      


Finds the pid of the Device server with the given id, if one is running.

  



  
    
      
    
    
      write_gpio_pin(id, pin, value)



    

  


  

      

          @spec write_gpio_pin(id(), pin(), 0..1) :: :ok | {:error, term()}


      


Writes value (0 or 1) to a previously-opened GPIO output pin.

  


        

      


  

    
CircuitsFT232H.GPIO 
    



      
GPIO support for the FT232H's general-purpose pins.
The FT232H exposes 16 GPIO pins. The labels match the silkscreen on the
Adafruit FT232H breakout:
	Label	Linear pin number	Notes
	AD0	0	Shared with SCK (SPI) / SCL (I2C)
	AD1	1	Shared with MOSI / SDA-out
	AD2	2	Shared with MISO / SDA-in
	AD3	3	Shared with CS (SPI)
	AD4-AD7	4..7	Free
	AC0-AC7	8..15	Free

GPIO can run alongside an active I2C or SPI bus on the same chip, provided
the pin doesn't overlap with the protocol's reserved pins (see the table
above). The CircuitsFT232H.Device GenServer enforces this.
Public API lives on CircuitsFT232H.GPIO.Backend (a Circuits.GPIO.Backend
implementation) and CircuitsFT232H.GPIO.Handle (the per-pin handle
returned by Circuits.GPIO.open/3). This module holds shared parsing and
identifier helpers.

      


      
        Summary


  
    Types
  


    
      
        pin()

      


    


    
      
        pin_ref()

      


        Combined identifier for one FT232H pin: device id + pin number + label.



    





  
    Functions
  


    
      
        all_pin_refs()

      


        Lists all GPIO pins on every connected FT232H, in canonical order.



    


    
      
        find_descriptor(controller)

      


        Looks up the USB.Descriptor for the given controller id, or an error if
no chip with that id is connected.



    


    
      
        identifiers(map)

      


        Builds a Circuits.GPIO.identifiers() map for pin_ref.



    


    
      
        label(pin)

      


        Returns the label for a linear pin number (0..15).



    


    
      
        parse_label(label)

      


        Parses an "AD<n>"/"AC<n>" label into a linear pin number.



    


    
      
        resolve(label_or_offset)

      


        Resolves a Circuits.GPIO.gpio_spec() into a fully qualified pin_ref
identifying both the chip and the pin within it.



    





      


      
        Types


        


  
    
      
    
    
      pin()



    

  


  

      

          @type pin() :: CircuitsFT232H.Device.pin()


      



  



  
    
      
    
    
      pin_ref()



    

  


  

      

          @type pin_ref() :: %{
  controller: CircuitsFT232H.Device.id(),
  pin: pin(),
  label: String.t()
}


      


Combined identifier for one FT232H pin: device id + pin number + label.

  


        

      

      
        Functions


        


  
    
      
    
    
      all_pin_refs()



    

  


  

      

          @spec all_pin_refs() :: [pin_ref()]


      


Lists all GPIO pins on every connected FT232H, in canonical order.

  



  
    
      
    
    
      find_descriptor(controller)



    

  


  

      

          @spec find_descriptor(CircuitsFT232H.Device.id()) ::
  {:ok, CircuitsFT232H.USB.Descriptor.t()} | {:error, :not_found | term()}


      


Looks up the USB.Descriptor for the given controller id, or an error if
no chip with that id is connected.

  



  
    
      
    
    
      identifiers(map)



    

  


  

      

          @spec identifiers(pin_ref()) :: map()


      


Builds a Circuits.GPIO.identifiers() map for pin_ref.

  



  
    
      
    
    
      label(pin)



    

  


  

      

          @spec label(pin()) :: String.t()


      


Returns the label for a linear pin number (0..15).

  



  
    
      
    
    
      parse_label(label)



    

  


  

      

          @spec parse_label(String.t()) :: {:ok, pin()} | {:error, :invalid_label}


      


Parses an "AD<n>"/"AC<n>" label into a linear pin number.

  



  
    
      
    
    
      resolve(label_or_offset)



    

  


  

      

          @spec resolve(any()) ::
  {:ok, pin_ref()}
  | {:error,
     :invalid_label | :invalid_pin | :no_device | :ambiguous_device | term()}


      


Resolves a Circuits.GPIO.gpio_spec() into a fully qualified pin_ref
identifying both the chip and the pin within it.
Accepted forms:
	{controller, line_offset} — e.g. {"ftdi-3:8", 4}
	{controller, label} — e.g. {"ftdi-3:8", "AD4"}
	label — e.g. "AD4"; requires exactly one FT232H attached
	line_offset (integer 0..15) — requires exactly one FT232H attached


  


        

      


  

    
CircuitsFT232H.GPIO.Backend 
    



      
Circuits.GPIO.Backend implementation for the FT232H.
Configure with:
config :circuits_gpio, default_backend: CircuitsFT232H.GPIO.Backend
Each connected FT232H is a GPIO controller named "ftdi-<id>", exposing
the 16 pins AD0..AD7 and AC0..AC7. The pins are addressable as
integers 0..15 or by their AD?/AC? labels — see
CircuitsFT232H.GPIO for the full mapping.
GPIO operations coexist with CircuitsFT232H.SPI.Backend and
CircuitsFT232H.I2C.Backend on the same chip — pins reserved by an
active protocol fail with {:error, {:pin_reserved_by_protocol, mode, pin}}
if you try to open them as GPIO.
Interrupts are emulated by polling
Circuits.GPIO.set_interrupts/3 is supported via a per-chip polling
GenServer (CircuitsFT232H.GPIO.Poller) that samples pin state at a
fixed interval — the FT232H has no hardware pin-change notifications,
so pulses shorter than the poll interval will be missed. Default
interval is 10 ms; configure via:
config :circuits_ft232h, gpio_poll_interval_ms: 5
See CircuitsFT232H.GPIO.Poller for the full caveats.

      




  

    
CircuitsFT232H.GPIO.Handle 
    



      
The struct returned by Circuits.GPIO.open/3 when
CircuitsFT232H.GPIO.Backend is configured as the GPIO backend.
Implements the Circuits.GPIO.Handle protocol by delegating to the
per-chip CircuitsFT232H.Device GenServer.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CircuitsFT232H.GPIO.Handle{
  controller: CircuitsFT232H.Device.id(),
  direction: CircuitsFT232H.Device.pin_direction(),
  label: String.t(),
  pin: CircuitsFT232H.Device.pin()
}


      



  


        

      


  

    
CircuitsFT232H.GPIO.Poller 
    



      
Per-chip polling GenServer that emulates GPIO interrupts.
These are NOT hardware interrupts
The FT232H has no hardware-generated pin-change notifications. We sample
the pin state on a fixed interval and emit
{:circuits_gpio, gpio_spec, timestamp, value} messages when subscribed
pins change in the desired direction.
Pulses shorter than the poll interval (default 10 ms) will be
missed. Multiple edges within a single interval are collapsed into one
notification with the final state.
One Poller per chip is started lazily on the first interrupt subscription
and registered in CircuitsFT232H.Registry under {:poller, device_id}.
When the last subscription goes away the Poller stops itself.
Each poll tick is one USB round-trip (~1 ms) that reads both the
ADBUS and ACBUS ports in a single MPSSE transaction. All subscribed pins
on the chip are sampled together, so adding more subscribed pins does
not increase USB load.
Tuning the poll interval
The default interval is 10 ms (~100 Hz sampling). To change
it:
config :circuits_ft232h, gpio_poll_interval_ms: 5
Lower values reduce the size of pulses you can miss but cost more USB
bandwidth and CPU. Practical floor is ~2 ms (the USB round-trip
time). For mechanical buttons 10-20 ms is plenty; for fast signals
you should look at an actual microcontroller.
Other notes
	:suppress_glitches is accepted but currently a no-op — there's only
one sample per poll tick. Filtering glitches shorter than the poll
interval would require over-sampling, which isn't implemented.
	Subscriptions are auto-removed if the receiving process dies.


      


      
        Summary


  
    Types
  


    
      
        subscription()

      


        Per-pin subscription record.



    


    
      
        t()

      


        Poller GenServer state.



    





  
    Functions
  


    
      
        subscribe(device_id, pin, trigger, opts \\ [])

      


        Subscribes the given receiver to edge notifications for pin on the chip
identified by device_id. Starts the Poller if it isn't running.



    


    
      
        subscriptions(device_id)

      


        Returns the current subscriptions table for inspection in tests.



    


    
      
        unsubscribe(device_id, pin)

      


        Removes any active subscription for pin on the chip identified by
device_id. The Poller stops itself once the last subscription goes away.



    


    
      
        whereis(device_id)

      


    





      


      
        Types


        


  
    
      
    
    
      subscription()



    

  


  

      

          @type subscription() :: %{
  trigger: :rising | :falling | :both,
  receiver: pid(),
  suppress_glitches: boolean(),
  last_value: 0..1
}


      


Per-pin subscription record.

  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CircuitsFT232H.GPIO.Poller{
  device_id: CircuitsFT232H.Device.id(),
  interval_ms: pos_integer(),
  monitors: %{optional(pid()) => reference()},
  subscriptions: %{optional(CircuitsFT232H.Device.pin()) => subscription()},
  timer: reference() | nil
}


      


Poller GenServer state.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      subscribe(device_id, pin, trigger, opts \\ [])



    

  


  

      

          @spec subscribe(
  CircuitsFT232H.Device.id(),
  CircuitsFT232H.Device.pin(),
  :rising | :falling | :both,
  keyword()
) :: :ok | {:error, term()}


      


Subscribes the given receiver to edge notifications for pin on the chip
identified by device_id. Starts the Poller if it isn't running.
trigger is one of :rising, :falling, :both.
Options:
	:receiver (default the calling process) — the pid (or registered
name) that will receive {:circuits_gpio, gpio_spec, timestamp, value}
messages.
	:suppress_glitches (default true) — accepted but currently a
no-op; see the moduledoc.


  



  
    
      
    
    
      subscriptions(device_id)



    

  


  

      

          @spec subscriptions(CircuitsFT232H.Device.id()) :: %{
  optional(CircuitsFT232H.Device.pin()) => subscription()
}


      


Returns the current subscriptions table for inspection in tests.

  



  
    
      
    
    
      unsubscribe(device_id, pin)



    

  


  

      

          @spec unsubscribe(CircuitsFT232H.Device.id(), CircuitsFT232H.Device.pin()) :: :ok


      


Removes any active subscription for pin on the chip identified by
device_id. The Poller stops itself once the last subscription goes away.

  



  
    
      
    
    
      whereis(device_id)



    

  


  

      

          @spec whereis(CircuitsFT232H.Device.id()) :: {:ok, pid()} | {:error, :not_started}


      



  


        

      


  

    
CircuitsFT232H.I2C 
    



      
Wires the FT232H's MPSSE engine up as an I2C master.
The FT232H has no native I2C peripheral — I2C is bit-banged via MPSSE
using two FT232H-specific tricks:
	The DRIVE_ZERO opcode (0x9E) makes the chosen pins behave as true
open-drain outputs — 0 drives low, 1 tristates. With external
pull-ups this matches I2C's electrical model.
	ENABLE_3_PHASE_CLOCKING (0x8C) adds an extra phase per bit so that
SDA setup/hold around SCL meets the I2C spec. The effective SCK rate
becomes 2/3 of the MPSSE divisor rate, so this module compensates by
programming SCK = 1.5 × the requested I2C rate.

Pin assignments (fixed for v0.1):
	Pin	Role
	ADBUS0	SCL
	ADBUS1	SDA (out) — must be tied externally to ADBUS2
	ADBUS2	SDA (in)  — sees what's on the SDA wire

External pull-ups on SCL and SDA are required: 4.7 kΩ for 100 kHz,
2.2 kΩ for 400 kHz, 1 kΩ for 1 MHz.
Public API lives on CircuitsFT232H.I2C.Backend and
CircuitsFT232H.I2C.Bus. This module holds the shared MPSSE encoding
logic and bus-name conventions.

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Resolved I2C bus configuration.



    





  
    Functions
  


    
      
        build_config(opts)

      


        Validates and merges user options against the I2C defaults.



    


    
      
        bus_name(id)

      


        Builds the canonical I2C bus name for a device id.



    


    
      
        close(id)

      


        Tears down the I2C-specific MPSSE config so the chip can be reused for a
different mode without restarting the Device.



    


    
      
        configure(id, config)

      


        Configures the FT232H for I2C traffic with the given config. Assumes the
chip is in baseline MPSSE state and the I2C mode lock has been claimed.



    


    
      
        extra_reserved_pins(arg1)

      


        Returns the additional pins this backend reserves for a given config —
used by CircuitsFT232H.I2C.Backend when claiming the I2C mode lock.



    


    
      
        find_descriptor(bus_name)

      


        Looks up the USB.Descriptor whose id matches the I2C bus name.



    


    
      
        parse_bus_name(name)

      


        Parses an I2C bus name into the underlying device id, or returns
{:error, :invalid_bus_name}.



    


    
      
        read(id, config, address, count, opts \\ [])

      


        Reads count bytes from address.



    


    
      
        write(id, config, address, data, opts \\ [])

      


        Writes data to address. Empty data is the I2C device-present probe.



    


    
      
        write_read(id, config, address, write_data, read_count, opts \\ [])

      


        Writes write_data then reads read_count bytes, with a repeated start in between.



    





      


      
        Types


        


  
    
      
    
    
      config()



    

  


  

      

          @type config() :: %{
  speed_hz: pos_integer(),
  clock_stretching: boolean(),
  flags: [Circuits.I2C.Bus.flag()]
}


      


Resolved I2C bus configuration.

  


        

      

      
        Functions


        


  
    
      
    
    
      build_config(opts)



    

  


  

      

          @spec build_config(keyword()) :: {:ok, config()} | {:error, term()}


      


Validates and merges user options against the I2C defaults.
Options:
	:speed_hz (default 100&nbsp;000, max 1&nbsp;000&nbsp;000)
	:clock_stretching (default false) — enable adaptive-clocking-based
I2C clock stretching detection. Requires ADBUS0 (SCL) to be
externally jumpered to ADBUS7 so MPSSE can see when a slave is
holding SCL low. Reserves ADBUS7 (pin AD7) for the duration of
the bus.


  



  
    
      
    
    
      bus_name(id)



    

  


  

      

          @spec bus_name(CircuitsFT232H.Device.id()) :: String.t()


      


Builds the canonical I2C bus name for a device id.

  



  
    
      
    
    
      close(id)



    

  


  

      

          @spec close(CircuitsFT232H.Device.id()) :: :ok


      


Tears down the I2C-specific MPSSE config so the chip can be reused for a
different mode without restarting the Device.

  



  
    
      
    
    
      configure(id, config)



    

  


  

      

          @spec configure(CircuitsFT232H.Device.id(), config()) :: :ok | {:error, term()}


      


Configures the FT232H for I2C traffic with the given config. Assumes the
chip is in baseline MPSSE state and the I2C mode lock has been claimed.
Also runs an I2C bus-recovery sequence — 16 SCL pulses with SDA released
followed by a stop — to free any slave that's stuck mid-transaction (which
can happen if a previous program crashed during a read).

  



  
    
      
    
    
      extra_reserved_pins(arg1)



    

  


  

      

          @spec extra_reserved_pins(config()) :: [CircuitsFT232H.Device.pin()]


      


Returns the additional pins this backend reserves for a given config —
used by CircuitsFT232H.I2C.Backend when claiming the I2C mode lock.
With clock stretching enabled, ADBUS7 (AD7) is reserved as the
SCL-feedback input.

  



  
    
      
    
    
      find_descriptor(bus_name)



    

  


  

      

          @spec find_descriptor(String.t()) ::
  {:ok, CircuitsFT232H.USB.Descriptor.t()}
  | {:error, :invalid_bus_name | :not_found | term()}


      


Looks up the USB.Descriptor whose id matches the I2C bus name.

  



  
    
      
    
    
      parse_bus_name(name)



    

  


  

      

          @spec parse_bus_name(String.t()) ::
  {:ok, CircuitsFT232H.Device.id()} | {:error, :invalid_bus_name}


      


Parses an I2C bus name into the underlying device id, or returns
{:error, :invalid_bus_name}.

  



    

  
    
      
    
    
      read(id, config, address, count, opts \\ [])



    

  


  

      

          @spec read(CircuitsFT232H.Device.id(), config(), 0..127, pos_integer(), keyword()) ::
  {:ok, binary()} | {:error, term()}


      


Reads count bytes from address.

  



    

  
    
      
    
    
      write(id, config, address, data, opts \\ [])



    

  


  

      

          @spec write(CircuitsFT232H.Device.id(), config(), 0..127, binary(), keyword()) ::
  :ok | {:error, term()}


      


Writes data to address. Empty data is the I2C device-present probe.

  



    

  
    
      
    
    
      write_read(id, config, address, write_data, read_count, opts \\ [])



    

  


  

      

          @spec write_read(
  CircuitsFT232H.Device.id(),
  config(),
  0..127,
  binary(),
  pos_integer(),
  keyword()
) ::
  {:ok, binary()} | {:error, term()}


      


Writes write_data then reads read_count bytes, with a repeated start in between.

  


        

      


  

    
CircuitsFT232H.I2C.Backend 
    



      
Circuits.I2C.Backend implementation that exposes each connected FT232H as
an I2C bus named "ftdi-<id>-i2c".
Configure with:
config :circuits_i2c, default_backend: CircuitsFT232H.I2C.Backend
Then use Circuits.I2C.open/2 as you would on a Nerves target. The first
call for a given chip starts a CircuitsFT232H.Device GenServer under
CircuitsFT232H.DeviceSupervisor; the bus then claims the I2C mode lock
until it is closed.

      




  

    
CircuitsFT232H.I2C.Bus 
    



      
The struct returned by Circuits.I2C.open/2 when CircuitsFT232H.I2C.Backend
is configured as the I2C backend.
Holds the device id and the resolved configuration. Implements the
Circuits.I2C.Bus protocol by delegating to CircuitsFT232H.I2C.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CircuitsFT232H.I2C.Bus{
  config: CircuitsFT232H.I2C.config(),
  id: CircuitsFT232H.Device.id()
}


      



  


        

      


  

    
CircuitsFT232H.MPSSE 
    



      
Pure-function encoder for the FT232H Multi-Protocol Synchronous Serial
Engine (MPSSE) command stream.
This module knows nothing about USB or transports. It builds binaries you
hand to CircuitsFT232H.USB.write/3, and helps interpret bytes you read
back via CircuitsFT232H.USB.read/3.
Opcode names and semantics mirror FTDI Application Note
AN_108.

      


      
        Summary


  
    Types
  


    
      
        bit_order()

      


        Order in which a byte's bits are clocked out / in.



    


    
      
        clock_base()

      


        Which MPSSE base clock to compute against.



    


    
      
        clock_edge()

      


        Clock edge on which a data bit is driven or sampled.



    





  
    Functions
  


    
      
        bad_command_byte()

      


        The MPSSE byte that precedes the echo of an unrecognised opcode.



    


    
      
        clock_divisor(target_hz, base \\ :high_speed)

      


        Computes the MPSSE divisor that produces target_hz SCK, given the base
clock.



    


    
      
        disable_3_phase_clocking()

      


        Disables 3-phase data clocking (normal 2-phase SPI behaviour).



    


    
      
        disable_adaptive_clocking()

      


        Disables adaptive clocking (the chip's default).



    


    
      
        disable_clock_divide_by_5()

      


        Selects the 60 MHz MPSSE base clock (H-series chips only). Required
for SCK frequencies above 6 MHz.



    


    
      
        enable_3_phase_clocking()

      


        Enables 3-phase data clocking. Required for I2C, and for SPI modes that
drive on one edge and sample on the same edge (CPHA = 1).



    


    
      
        enable_adaptive_clocking()

      


        Enables adaptive clocking — MPSSE pauses after each clock pulse until
GPIOL3 (ADBUS7) is driven high.



    


    
      
        enable_clock_divide_by_5()

      


        Selects the legacy 12 MHz MPSSE base clock (for compatibility with
FT2232D-style code).



    


    
      
        enable_drive_zero(low_mask, high_mask)

      


        Configures pins to operate in open-drain mode.



    


    
      
        find_bad_command(response)

      


        Scans response for a BAD_COMMAND marker (0xFA) and returns the
offending opcode if found.



    


    
      
        get_bits_high()

      


        Reads the current state of ACBUS0..ACBUS7. Response is 1 byte.



    


    
      
        get_bits_low()

      


        Reads the current state of ADBUS0..ADBUS7. Response is 1 byte.



    


    
      
        loopback_off()

      


        Disables internal loopback (the normal state).



    


    
      
        loopback_on()

      


        Enables internal TDI→TDO loopback. Useful for init self-tests.



    


    
      
        read_bits(count, opts \\ [])

      


        Clocks count bits in from TDO/DI. Response is one byte; the relevant
bits are right-justified (MSB-first) or left-justified (LSB-first)
depending on :bit_order.



    


    
      
        read_bytes(count, opts \\ [])

      


        Reads count bytes in on the TDO/DI pin while clocking SCK. No data is
driven out.



    


    
      
        sck_frequency(divisor, base \\ :high_speed)

      


        Returns the SCK frequency produced by the given divisor on the given base
clock. Inverse of clock_divisor/2 (with rounding).



    


    
      
        send_immediate()

      


        Flushes any pending bytes in the chip's internal IN buffer back to the
host. Append this whenever you need to read a response right away.



    


    
      
        set_bits_high(value, direction)

      


        Sets the high-byte GPIO port (ACBUS0..ACBUS7) state. See set_bits_low/2.



    


    
      
        set_bits_low(value, direction)

      


        Sets the low-byte GPIO port (ADBUS0..ADBUS7) state.



    


    
      
        set_tck_divisor(divisor)

      


        Sets the SCK clock divisor. Get the right divisor via clock_divisor/2.



    


    
      
        transfer_bits(value, count, opts \\ [])

      


        Full-duplex bit transfer. Drives the bottom count bits of value while
sampling TDO/DI. Response is one byte.



    


    
      
        transfer_bytes(data, opts \\ [])

      


        Full-duplex byte transfer — drives data out on TDI/DO and simultaneously
samples TDO/DI back. The response is byte_size(data) bytes long.



    


    
      
        write_bits(value, count, opts \\ [])

      


        Writes the bottom count bits of value out the TDI/DO pin while
clocking SCK. count must be in 1..8.



    


    
      
        write_bytes(data, opts \\ [])

      


        Writes data out the TDI/DO pin while clocking SCK.



    





      


      
        Types


        


  
    
      
    
    
      bit_order()



    

  


  

      

          @type bit_order() :: :msb_first | :lsb_first


      


Order in which a byte's bits are clocked out / in.

  



  
    
      
    
    
      clock_base()



    

  


  

      

          @type clock_base() :: :high_speed | :legacy


      


Which MPSSE base clock to compute against.

  



  
    
      
    
    
      clock_edge()



    

  


  

      

          @type clock_edge() :: :positive | :negative


      


Clock edge on which a data bit is driven or sampled.

  


        

      

      
        Functions


        


  
    
      
    
    
      bad_command_byte()



    

  


  

      

          @spec bad_command_byte() :: byte()


      


The MPSSE byte that precedes the echo of an unrecognised opcode.

  



    

  
    
      
    
    
      clock_divisor(target_hz, base \\ :high_speed)



    

  


  

      

          @spec clock_divisor(pos_integer(), clock_base()) :: 0..65535


      


Computes the MPSSE divisor that produces target_hz SCK, given the base
clock.
Use :high_speed (default) for the 60 MHz base (FT232H, requires
disable_clock_divide_by_5/0) and :legacy for the 12 MHz base
(FT2232D-compatible, requires enable_clock_divide_by_5/0).
The formula is SCK = base / ((1 + divisor) × 2). Result is rounded and
clamped to 0..0xFFFF.

  



  
    
      
    
    
      disable_3_phase_clocking()



    

  


  

      

          @spec disable_3_phase_clocking() :: binary()


      


Disables 3-phase data clocking (normal 2-phase SPI behaviour).

  



  
    
      
    
    
      disable_adaptive_clocking()



    

  


  

      

          @spec disable_adaptive_clocking() :: binary()


      


Disables adaptive clocking (the chip's default).

  



  
    
      
    
    
      disable_clock_divide_by_5()



    

  


  

      

          @spec disable_clock_divide_by_5() :: binary()


      


Selects the 60 MHz MPSSE base clock (H-series chips only). Required
for SCK frequencies above 6 MHz.

  



  
    
      
    
    
      enable_3_phase_clocking()



    

  


  

      

          @spec enable_3_phase_clocking() :: binary()


      


Enables 3-phase data clocking. Required for I2C, and for SPI modes that
drive on one edge and sample on the same edge (CPHA = 1).

  



  
    
      
    
    
      enable_adaptive_clocking()



    

  


  

      

          @spec enable_adaptive_clocking() :: binary()


      


Enables adaptive clocking — MPSSE pauses after each clock pulse until
GPIOL3 (ADBUS7) is driven high.
Originally designed so MPSSE could synchronise with an ARM target's
RTCK signal, this gives a free clock-stretching mechanism for I2C if
ADBUS0 (SCL) is externally jumpered to ADBUS7: the slave can hold
SCL low and MPSSE will wait for it.

  



  
    
      
    
    
      enable_clock_divide_by_5()



    

  


  

      

          @spec enable_clock_divide_by_5() :: binary()


      


Selects the legacy 12 MHz MPSSE base clock (for compatibility with
FT2232D-style code).

  



  
    
      
    
    
      enable_drive_zero(low_mask, high_mask)



    

  


  

      

          @spec enable_drive_zero(byte(), byte()) :: binary()


      


Configures pins to operate in open-drain mode.
Pins set in the masks drive low when their output bit is 0, and are
tristated when their output bit is 1. Combined with external pull-up
resistors this provides true open-drain behaviour — the key trick that
makes I2C work on the FT232H.
Available on FT232H only (not FT2232D / FT2232C).

  



  
    
      
    
    
      find_bad_command(response)



    

  


  

      

          @spec find_bad_command(binary()) :: {:bad_command, byte()} | :ok


      


Scans response for a BAD_COMMAND marker (0xFA) and returns the
offending opcode if found.

  



  
    
      
    
    
      get_bits_high()



    

  


  

      

          @spec get_bits_high() :: binary()


      


Reads the current state of ACBUS0..ACBUS7. Response is 1 byte.

  



  
    
      
    
    
      get_bits_low()



    

  


  

      

          @spec get_bits_low() :: binary()


      


Reads the current state of ADBUS0..ADBUS7. Response is 1 byte.

  



  
    
      
    
    
      loopback_off()



    

  


  

      

          @spec loopback_off() :: binary()


      


Disables internal loopback (the normal state).

  



  
    
      
    
    
      loopback_on()



    

  


  

      

          @spec loopback_on() :: binary()


      


Enables internal TDI→TDO loopback. Useful for init self-tests.

  



    

  
    
      
    
    
      read_bits(count, opts \\ [])



    

  


  

      

          @spec read_bits(
  1..8,
  keyword()
) :: binary()


      


Clocks count bits in from TDO/DI. Response is one byte; the relevant
bits are right-justified (MSB-first) or left-justified (LSB-first)
depending on :bit_order.
Same options as read_bytes/2.

  



    

  
    
      
    
    
      read_bytes(count, opts \\ [])



    

  


  

      

          @spec read_bytes(
  pos_integer(),
  keyword()
) :: iodata()


      


Reads count bytes in on the TDO/DI pin while clocking SCK. No data is
driven out.
Options:
	:edge (default :positive) — clock edge on which to sample each bit.
	:bit_order (default :msb_first).


  



    

  
    
      
    
    
      sck_frequency(divisor, base \\ :high_speed)



    

  


  

      

          @spec sck_frequency(0..65535, clock_base()) :: float()


      


Returns the SCK frequency produced by the given divisor on the given base
clock. Inverse of clock_divisor/2 (with rounding).

  



  
    
      
    
    
      send_immediate()



    

  


  

      

          @spec send_immediate() :: binary()


      


Flushes any pending bytes in the chip's internal IN buffer back to the
host. Append this whenever you need to read a response right away.

  



  
    
      
    
    
      set_bits_high(value, direction)



    

  


  

      

          @spec set_bits_high(byte(), byte()) :: binary()


      


Sets the high-byte GPIO port (ACBUS0..ACBUS7) state. See set_bits_low/2.

  



  
    
      
    
    
      set_bits_low(value, direction)



    

  


  

      

          @spec set_bits_low(byte(), byte()) :: binary()


      


Sets the low-byte GPIO port (ADBUS0..ADBUS7) state.
value is the level each output pin should drive (bit 0 = ADBUS0).
direction is the per-pin direction mask — 1 for output, 0 for input.
In MPSSE mode the engine overrides direction for SCK / MOSI / MISO so it
is safe to leave those as outputs in the direction mask.

  



  
    
      
    
    
      set_tck_divisor(divisor)



    

  


  

      

          @spec set_tck_divisor(0..65535) :: binary()


      


Sets the SCK clock divisor. Get the right divisor via clock_divisor/2.

  



    

  
    
      
    
    
      transfer_bits(value, count, opts \\ [])



    

  


  

      

          @spec transfer_bits(byte(), 1..8, keyword()) :: binary()


      


Full-duplex bit transfer. Drives the bottom count bits of value while
sampling TDO/DI. Response is one byte.
Same options as transfer_bytes/2.

  



    

  
    
      
    
    
      transfer_bytes(data, opts \\ [])



    

  


  

      

          @spec transfer_bytes(
  binary(),
  keyword()
) :: iodata()


      


Full-duplex byte transfer — drives data out on TDI/DO and simultaneously
samples TDO/DI back. The response is byte_size(data) bytes long.
Options:
	:write_edge (default :negative) — clock edge on which to drive.
	:read_edge (default :positive) — clock edge on which to sample.
	:bit_order (default :msb_first).


  



    

  
    
      
    
    
      write_bits(value, count, opts \\ [])



    

  


  

      

          @spec write_bits(byte(), 1..8, keyword()) :: binary()


      


Writes the bottom count bits of value out the TDI/DO pin while
clocking SCK. count must be in 1..8.
Same options as write_bytes/2.

  



    

  
    
      
    
    
      write_bytes(data, opts \\ [])



    

  


  

      

          @spec write_bytes(
  binary(),
  keyword()
) :: iodata()


      


Writes data out the TDI/DO pin while clocking SCK.
Options:
	:edge (default :negative) — clock edge on which to drive each bit.
	:bit_order (default :msb_first) — bit order within each byte.

The chip transmits byte_size(data) bytes. The command auto-splits into
multiple 0x1? blocks if data is longer than 65536 bytes.

  


        

      


  

    
CircuitsFT232H.SPI 
    



      
Wires the FT232H's MPSSE engine up as an SPI master.
Pin assignments are fixed for v0.1:
	Pin	Role
	ADBUS0	SCK (output)
	ADBUS1	MOSI (output)
	ADBUS2	MISO (input)
	ADBUS3	CS (active-low, output)

Public API lives on CircuitsFT232H.SPI.Backend (a Circuits.SPI.Backend
implementation) and CircuitsFT232H.SPI.Bus (the struct returned by
Circuits.SPI.open/2). This module holds the shared MPSSE encoding logic
and bus-name conventions used by both.

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Resolved SPI configuration map — matches Circuits.SPI's spi_option_map().



    





  
    Functions
  


    
      
        build_config(opts)

      


        Validates and merges user options against the SPI defaults.



    


    
      
        bus_name(id)

      


        Builds the canonical SPI bus name for a device id.



    


    
      
        close(id, config)

      


        Tears down an SPI bus: deasserts CS and releases the mode lock so the
chip can be reused (e.g. for I2C) without restarting the Device.



    


    
      
        configure(id, config)

      


        Configures the FT232H for SPI traffic with the given config. Assumes the
chip is already in MPSSE mode and the SPI mode lock has been claimed.



    


    
      
        find_descriptor(bus_name)

      


        Looks up the USB.Descriptor whose id matches the SPI bus name.



    


    
      
        max_transfer_size()

      


        Maximum number of bytes that can be transferred in one MPSSE call.



    


    
      
        parse_bus_name(name)

      


        Parses an SPI bus name into the underlying device id, or returns
{:error, :invalid_bus_name}.



    


    
      
        transfer(id, config, data)

      


        Runs a full-duplex SPI transfer. Asserts CS, exchanges data for an equal
number of MISO bytes, then deasserts CS.



    





      


      
        Types


        


  
    
      
    
    
      config()



    

  


  

      

          @type config() :: %{
  mode: 0..3,
  bits_per_word: pos_integer(),
  speed_hz: pos_integer(),
  delay_us: non_neg_integer(),
  lsb_first: boolean(),
  sw_lsb_first: boolean()
}


      


Resolved SPI configuration map — matches Circuits.SPI's spi_option_map().

  


        

      

      
        Functions


        


  
    
      
    
    
      build_config(opts)



    

  


  

      

          @spec build_config(keyword()) :: {:ok, config()} | {:error, term()}


      


Validates and merges user options against the SPI defaults.

  



  
    
      
    
    
      bus_name(id)



    

  


  

      

          @spec bus_name(CircuitsFT232H.Device.id()) :: String.t()


      


Builds the canonical SPI bus name for a device id.

  



  
    
      
    
    
      close(id, config)



    

  


  

      

          @spec close(CircuitsFT232H.Device.id(), config()) :: :ok


      


Tears down an SPI bus: deasserts CS and releases the mode lock so the
chip can be reused (e.g. for I2C) without restarting the Device.

  



  
    
      
    
    
      configure(id, config)



    

  


  

      

          @spec configure(CircuitsFT232H.Device.id(), config()) :: :ok | {:error, term()}


      


Configures the FT232H for SPI traffic with the given config. Assumes the
chip is already in MPSSE mode and the SPI mode lock has been claimed.

  



  
    
      
    
    
      find_descriptor(bus_name)



    

  


  

      

          @spec find_descriptor(String.t()) ::
  {:ok, CircuitsFT232H.USB.Descriptor.t()}
  | {:error, :invalid_bus_name | :not_found | term()}


      


Looks up the USB.Descriptor whose id matches the SPI bus name.

  



  
    
      
    
    
      max_transfer_size()



    

  


  

      

          @spec max_transfer_size() :: pos_integer()


      


Maximum number of bytes that can be transferred in one MPSSE call.

  



  
    
      
    
    
      parse_bus_name(name)



    

  


  

      

          @spec parse_bus_name(String.t()) ::
  {:ok, CircuitsFT232H.Device.id()} | {:error, :invalid_bus_name}


      


Parses an SPI bus name into the underlying device id, or returns
{:error, :invalid_bus_name}.

  



  
    
      
    
    
      transfer(id, config, data)



    

  


  

      

          @spec transfer(CircuitsFT232H.Device.id(), config(), binary()) ::
  {:ok, binary()} | {:error, term()}


      


Runs a full-duplex SPI transfer. Asserts CS, exchanges data for an equal
number of MISO bytes, then deasserts CS.

  


        

      


  

    
CircuitsFT232H.SPI.Backend 
    



      
Circuits.SPI.Backend implementation that exposes each connected FT232H as
a SPI bus named "ftdi-<id>-spi".
Configure with:
config :circuits_spi, default_backend: CircuitsFT232H.SPI.Backend
Then use Circuits.SPI.open/2 as you would on a Nerves target. The first
call for a given chip starts a CircuitsFT232H.Device GenServer under
CircuitsFT232H.DeviceSupervisor; the bus then claims the SPI mode lock
until it is closed.

      




  

    
CircuitsFT232H.SPI.Bus 
    



      
The struct returned by Circuits.SPI.open/2 when CircuitsFT232H.SPI.Backend
is configured as the SPI backend.
Holds the device id and the resolved configuration. Implements the
Circuits.SPI.Bus protocol by delegating to CircuitsFT232H.SPI and
ultimately the per-chip CircuitsFT232H.Device GenServer.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CircuitsFT232H.SPI.Bus{
  config: CircuitsFT232H.SPI.config(),
  id: CircuitsFT232H.Device.id()
}


      



  


        

      


  

    
CircuitsFT232H.USB 
    



      
Thin USB transport layer for the FT232H.
Wraps the :usb NIF (libusb) with
FT232H-specific endpoint addresses, FTDI SIO control-transfer helpers, and
modem-status-byte stripping for bulk reads.
This module is internal — higher layers (CircuitsFT232H.MPSSE,
CircuitsFT232H.Device) compose it into something useful. You normally
shouldn't need to call it directly.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        An open FT232H USB handle.



    





  
    Functions
  


    
      
        close(usb)

      


        Releases the interface, re-attaches the kernel driver if we detached it on
open, and closes the device.



    


    
      
        decode_string_descriptor(arg1)

      


        Decodes a raw USB string descriptor binary into an Elixir string.



    


    
      
        disable_special_characters(usb, timeout \\ 1000)

      


        Disables the FTDI event/error characters (we don't use them in MPSSE).



    


    
      
        enter_mpsse_mode(usb, timeout \\ 1000)

      


        Puts the chip into MPSSE mode. After this, write/2 to the bulk OUT
endpoint is interpreted as a stream of MPSSE commands.



    


    
      
        exit_bitmode(usb, timeout \\ 1000)

      


        Resets bitmode to its default (UART). Useful to drop out of MPSSE before
releasing the device.



    


    
      
        list_devices()

      


        Lists every FT232H currently attached to the host's USB bus.



    


    
      
        open(descriptor, opts \\ [])

      


        Opens descriptor and prepares the chip for MPSSE traffic.



    


    
      
        purge_rx(usb, timeout \\ 1000)

      


        Purges the chip's RX FIFO.



    


    
      
        purge_tx(usb, timeout \\ 1000)

      


        Purges the chip's TX FIFO.



    


    
      
        read(usb, length, timeout \\ 1000)

      


        Reads exactly length bytes of MPSSE payload from the chip.



    


    
      
        read_string_descriptor(device, index)

      


        Reads a USB string descriptor at the given index.



    


    
      
        reset(usb, timeout \\ 1000)

      


        Resets the FTDI SIO. Equivalent to issuing SIO_RESET with wValue = 0.



    


    
      
        set_bitmode(usb, mode, direction, timeout \\ 1000)

      


        Sets the bitmode (high byte) and pin direction mask (low byte) on the
low byte port (ADBUS).



    


    
      
        set_latency_timer(usb, milliseconds, timeout \\ 1000)

      


        Sets the chip's USB latency timer to milliseconds (1..255).



    


    
      
        strip_status(data, packet_size)

      


        Strips the 2-byte modem-status prefix from every USB packet in data.



    


    
      
        write(usb, data, timeout \\ 1000)

      


        Sends raw MPSSE bytes to the chip over the bulk OUT endpoint.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CircuitsFT232H.USB{
  address: 0..255,
  bus: 0..255,
  detached_kernel_driver?: boolean(),
  handle: :usb.device_handle(),
  max_packet_size: pos_integer()
}


      


An open FT232H USB handle.

  


        

      

      
        Functions


        


  
    
      
    
    
      close(usb)



    

  


  

      

          @spec close(t()) :: :ok


      


Releases the interface, re-attaches the kernel driver if we detached it on
open, and closes the device.
Always returns :ok. Errors during teardown are logged but not surfaced —
by the time we're closing there is nothing useful for the caller to do.

  



  
    
      
    
    
      decode_string_descriptor(arg1)



    

  


  

      

          @spec decode_string_descriptor(binary()) :: {:ok, String.t()} | {:error, term()}


      


Decodes a raw USB string descriptor binary into an Elixir string.
The on-wire format is <<length, 0x03, utf16_le_bytes::binary>>. Returns
{:error, :invalid_descriptor} if the input doesn't fit that shape
(typical when the chip returns 0xFF-filled garbage for an unprogrammed
string), and {:error, :invalid_utf16} if the bytes after the header
don't decode as UTF-16LE.

  



    

  
    
      
    
    
      disable_special_characters(usb, timeout \\ 1000)



    

  


  

      

          @spec disable_special_characters(t(), timeout()) :: :ok | {:error, term()}


      


Disables the FTDI event/error characters (we don't use them in MPSSE).

  



    

  
    
      
    
    
      enter_mpsse_mode(usb, timeout \\ 1000)



    

  


  

      

          @spec enter_mpsse_mode(t(), timeout()) :: :ok | {:error, term()}


      


Puts the chip into MPSSE mode. After this, write/2 to the bulk OUT
endpoint is interpreted as a stream of MPSSE commands.

  



    

  
    
      
    
    
      exit_bitmode(usb, timeout \\ 1000)



    

  


  

      

          @spec exit_bitmode(t(), timeout()) :: :ok | {:error, term()}


      


Resets bitmode to its default (UART). Useful to drop out of MPSSE before
releasing the device.

  



  
    
      
    
    
      list_devices()



    

  


  

      

          @spec list_devices() :: {:ok, [CircuitsFT232H.USB.Descriptor.t()]} | {:error, term()}


      


Lists every FT232H currently attached to the host's USB bus.
Identification is by VID 0x403,
PID 0x6014 — the values used by
the raw FT232H and the Adafruit FT232H Breakout.

  



    

  
    
      
    
    
      open(descriptor, opts \\ [])



    

  


  

      

          @spec open(
  CircuitsFT232H.USB.Descriptor.t(),
  keyword()
) :: {:ok, t()} | {:error, term()}


      


Opens descriptor and prepares the chip for MPSSE traffic.
Detaches the kernel driver if one is attached (typically ftdi_sio on Linux
or Apple's FTDI VCP driver on macOS) and claims the FT232H's single USB
interface. Once open, use write/2 and read/3 to push and pull MPSSE
bytes, and the various set_*/purge_*/reset/1 helpers to configure the
SIO via FTDI control transfers.
Pair every successful open/2 with close/1.

  



    

  
    
      
    
    
      purge_rx(usb, timeout \\ 1000)



    

  


  

      

          @spec purge_rx(t(), timeout()) :: :ok | {:error, term()}


      


Purges the chip's RX FIFO.

  



    

  
    
      
    
    
      purge_tx(usb, timeout \\ 1000)



    

  


  

      

          @spec purge_tx(t(), timeout()) :: :ok | {:error, term()}


      


Purges the chip's TX FIFO.

  



    

  
    
      
    
    
      read(usb, length, timeout \\ 1000)



    

  


  

      

          @spec read(t(), non_neg_integer(), timeout()) :: {:ok, binary()} | {:error, term()}


      


Reads exactly length bytes of MPSSE payload from the chip.
Each USB packet from FT232H is prefixed by 2 modem-status bytes; this
function strips them before returning the result, so length refers to
real payload bytes.

  



  
    
      
    
    
      read_string_descriptor(device, index)



    

  


  

      

          @spec read_string_descriptor(:usb.device(), 1..255) ::
  {:ok, String.t()} | {:error, term()}


      


Reads a USB string descriptor at the given index.
Used for retrieving the FTDI serial number, manufacturer string, or
product string. The first call reads the supported language IDs (index
0), then re-reads at the requested index in the first language.
Most failures are normal: :access if the udev rule isn't installed,
:invalid_descriptor if the chip has no programmed string at that index
(common for FT232Hs whose EEPROM hasn't been written).

  



    

  
    
      
    
    
      reset(usb, timeout \\ 1000)



    

  


  

      

          @spec reset(t(), timeout()) :: :ok | {:error, term()}


      


Resets the FTDI SIO. Equivalent to issuing SIO_RESET with wValue = 0.

  



    

  
    
      
    
    
      set_bitmode(usb, mode, direction, timeout \\ 1000)



    

  


  

      

          @spec set_bitmode(t(), 0..255, 0..255, timeout()) :: :ok | {:error, term()}


      


Sets the bitmode (high byte) and pin direction mask (low byte) on the
low byte port (ADBUS).
The direction byte sets each pin to output (1) or input (0). In MPSSE
mode the MPSSE engine overrides this for SCK/MOSI/MISO/CS, but the
initial value matters for any GPIOs.

  



    

  
    
      
    
    
      set_latency_timer(usb, milliseconds, timeout \\ 1000)



    

  


  

      

          @spec set_latency_timer(t(), 1..255, timeout()) :: :ok | {:error, term()}


      


Sets the chip's USB latency timer to milliseconds (1..255).
Lower values give snappier reads at the cost of more USB traffic; MPSSE
applications typically use 1-16 ms. The chip default is 16 ms.

  



  
    
      
    
    
      strip_status(data, packet_size)



    

  


  

      

          @spec strip_status(binary(), pos_integer()) :: binary()


      


Strips the 2-byte modem-status prefix from every USB packet in data.
packet_size is the bulk endpoint's max packet size (typically 512 for
high-speed). Exposed because it's a pure function and the easiest piece of
this module to unit-test.

  



    

  
    
      
    
    
      write(usb, data, timeout \\ 1000)



    

  


  

      

          @spec write(t(), iodata(), timeout()) :: :ok | {:error, term()}


      


Sends raw MPSSE bytes to the chip over the bulk OUT endpoint.

  


        

      


  

    
CircuitsFT232H.USB.Descriptor 
    



      
Metadata for a single FT232H device discovered on the USB bus.
The :device field is an opaque reference handed back by the :usb library.
It does not represent an open handle — it is just enough to identify the
device and open it later via CircuitsFT232H.USB.open/1.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CircuitsFT232H.USB.Descriptor{
  address: 0..255,
  bus: 0..255,
  device: :usb.device(),
  port_numbers: [0..255],
  serial: String.t() | nil,
  speed: :unknown | :low | :full | :high | :super | :super_plus
}
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