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FT2232D Dual USB to
Serial UART/FIFO IC

The FT 2232D is a dual USB to serial UART or
FIFO interface with the following advanced
features:

e Single chip USB to dual channel serial / parallel
ports with a variety of configurations.

e Entire USB protocol handled on the chip. No
USB specific firmware programming required.

e Transfer Data Rate 300 to 3 Mb aud.

USB to parallel FIFO transfer data rate up to 1
megabyte / second.

e  Multi -Protocol  Synchronous Serial Engine
(MPSSE) to simplify synchronous serial
protocol ( USB to JTAG, USB to I2C, USB to
SPI) design.

e CPU-style FIFO interface mode simplifies CPU
inte rface design.

e MCU host bus emulation mode configuration
option.

e Fast Opto -Isolated serial interface option.

e FTDI 6s rfreey\Vartbal Gom Port (VCP) and
Direct  (D2XX) drivers  eliminate the
requirement for USB driver development in
most cases.

e Highly inte grated design includes 3.3V LDO
regulator for USB 1/O, integrated POR function
and on chip clock multiplier PLL (6MHz T
48MHz).

e Asynchronous serial UART interface option with
full  hardware handshaking and modem
interface signals.

Configurable 1/O drive str  ength.

Enhanced bit -bang Mode interface option with
RD# and WR# strobes.

Fully assisted hardware or X -On / X -Off

software handshaking.

UART Interface supports 7/8 bit data, 1/2 stop
bits, and Odd/Even/Mark/Space/No Parity.

Operational configuration mode an d USB
Description strings configurable in external
EEPROM over the USB interface.

Low operating and USB suspend current.

Supports bus powered, self powered and high -
power bus powered USB configurations.

UHCI/OHCI/EHCI host controller compatible.

USB 20 Full Speed (12Mbits/Second)
compatible.

Extended -40°C to 85°C industrial operating
temperature range.

Compact 48 -LD Lead Free LQFP package

+4.35V to +5.25V single supply operating
voltage range.

Dedicated Windows DLLs available for USB to
JTAG, USBto SPI, and USBtol 2C applications.

Neither the whole nor any part of the information contained in, or the product described in this manual, may be adapted or reproduced in any material or
electronic form without the prior written consent of the copyright holder. This product and its documentation are supplied on an as-is basis and no warranty
as to their suitability for any particular purpose is either made or implied. Future Technology Devices International Ltd will not accept any claim for damages
howsoever arising as a result of use or failure of this product. Your statutory rights are not affected. This product or any variant of it is not intended for use
in any medical appliance, device or system in which the failure of the product might reasonably be expected to result in personal injury. This document
provides preliminary information that may be subject to change without notice. No freedom to use patents or other intellectual property rights is implied by
the publication of this document. Future Technology Devices International Ltd, Unit 1, 2 Seaward Place, Centurion Business Park, Glasgow, G41 1HH,

United Kingdom. Scotland Registered Number: SC136640
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1 Typical Applications

e USB to Dual Port RS232 Converters
e USB to Dual Port RS422 / RS485 Converters

e Upgradi ng Legacy Peripheral Designs to USB e USB Audio and Low Bandwidth Video data

e USB Instrumentation transfer
e USB JTAG Programming e PDA to USB data transfer
e USB to SPI Bus Interfaces e USB Smart Card Readers

e USB Industrial Control
o Field Upgradable USB Products
e Galvanically Isolated Products with USB
Interface e USB MP3 P layer Interface
e USB to synchronous serial interface e USB FLASH Card Reader / Writers
e Cellular and cordless phone USB data ]
transfer cables and interfaces. * SetTopBoxPC - USBinterface
o Interfacing MCU / PLD / FPGA based designs *  USB Digital Camera Interface

to USB e USB Bar Code Readers

e USB Instrumentation

e  USB Industrial Control

1.0 Driver Support

The FT2232D requires USB drivers (listed below ), available free from  http ://www.ftdichip.com , which

are used to make the FT2232D appear as a virtual COM port (VCP). This then allows the user to
communicate with the USB interface via a standard PC serial emulation port (for example TTY). Another
FTDI USB driver, the D2XX driver , can also be used with application software to directly access the
FT2232D though a DLL.

Royalty free VIRTUAL COM PORT Royalty free D2XX Direct Drivers

(VCP) DRIVERS for... (USB Drivers + DLL S/W Interface)

¢ Windows 98, 98SE, ME, 2000, Server 2003, XP e Windows 98, 98SE, ME, 2000, Server 2003, XP
and Server 2008 and Server 2008

e Windows XP and XP 64 -bit e Windows XP and XP 64 -bit

e Windows Vista and Vista 64  -bit e  Windows Vista and Vista 64  -bit

e Windows XP Embedded e  Windows XP Embedded

¢ Windows CE 4.2, 5.0 and 6.0 e Windows CE 4.2, 5.0 and 6.0

¢ Mac0S8/9,0S -X e Windows 7 32,64 bit

e  Windows 7 32,64 bit e Linux 2.4 and greater

e Linux 2.4 and greater

For driver installation, please refer to the application note AN232B -10.

1.1 Part Numbers

Part Number Package

FT2232D 48 Pin LQFP

Table 1.1 Part Numbers

1.2 USB Compliant

The FT2232D is fully compliant with the USB 2.0 specification and has been given the USB -IF Test -1D
(TID) 40680003

Copyright © 2009  Future Technology Devices International Limited
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FT2232D Block Diagram
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Figure 2.1 FT2232D Block Diagram
For a description of each function please refer to Section 4.1 .

2.0 Useful Application Notes

and Projects

http://www.ftdichip.com/Documents/AppNotes/AN_107 _AdvancedDriverOptions_AN_000073.pdf

http://www.ftdichip.com/Documents/AppNotes/AN_121 FTDI_Device EEPROM User_ Area_Usage.pdf

http://www.ftdichip.com/Documents/AppNotes/AN_120 Aliasing_VCP_Baud_Rates.pdf

http://www.ftdichip.com/Resourc

es/Utilities/AN_127 User_Guide_For_FT2232HD_Factory%20test%20uti

lity.pdf

http://www.ftdichip.com/Documents/AppNotes/AN_131_FT22

32D_H_Fast%200pto

Isolated%20Serial%20Interface%20mode.pdf

http://www.ftdichip.com/Documents/AppNotes/AN2232C

-02_FT2232CBitMode.pdf

http://www.ftdichip.com/Documents/AppNotes/AN_108 Command_Processor for MPSSE _and MCU_Hos

t_Bus_ Emulation _Modes.pdf

http://www.ftdichip.com/Projects/MPSSE.htm#SPI

http://www.ftdichip.com/Projects/MPSSE.htm#12C

http://www.ftdichip.com/Projects/MPSSE.htm#JTAG
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3 Device Pin Out and Signal Description
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Figure 3.1 48 pin LQFP Package Pin Out and Schematic
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3.1 Pin Out Description

This section describes the operation of the FT2232D pins. Common pins are defined in the first section,

and then

Note: The convention used throughout this document for active low signals

by#

3.2 Common Pins

the I/O pins are defined by chip mode.

is the signal name followed

The operation of the following FT2232D pins do not change regardless of the configured mode: -

Pin No. Name Type Description
15 USBDP I/0 USB Data Signal Plus ( Requires 1.5K pull -up to 3V30OUT or RSTOUT# )
16 USBDM 110 USB Data Signal Minus

Table 3.1.1 USB Interface Group

Pin No. Name Type Description
48 EECS I/1O EEPROMT Chip Select. Tri - State during device reset. **Note 1
1 EESK OUTPUT | Clock signal to EEPROM . Tri - State during device reset, else drives out.
**Note 1
EEDATA I/0 EEPROMT Data I/O Connect directly to Data -In of the EEPROM and to
5 Data - Out of the EEPROM via a 2.2K resistor. Also, pull Data -Out of the

EEPROM to VCC via a 10K resistor for correct
device reset. **Note 1

operation. Tri - State during

Table 3.2.2 EEPROM Interface Group

Pin No. Name Type Description
4 RESET# INPUT Can be used by an external device to reset the FT2232D. If not
required, tie to VCC. **Note 1
5 RSTOUT# | OUTPUT | Output of the internal Reset Generator. Drives low for 5.6 ms after VCC
> 3.5V and the internal <c¢clock starts
3.3V output of the internal regulator. Taking RESET# low will also forc e
RSTOUT# to drive low. RSTOUT# is NOT affected by a USB Bus Reset.
47 TEST INPUT Puts device into I.C. test mode T must be tied to GND for normal
operation.
41 PWREN# OUTPUT | Goes Low after the device is configured via USB, then high during USB
suspend. Can be used to control power to external logic using a P -
Channel Logic Level MOSFET switch. Enable the Interface Pull -Down
Option in EEPROM when using the PWREN# pin in this way.
43 XTIN INPUT Input to 6MHz Crystal Oscillator Cell. This pin can also be d riven by an
external 6MHz clock if required. Note: Switching threshold of this pin is
VCCI/2, so if driving from an external source, the source must be
driving at 5V CMOS level or a.c. coupled to centre around VCC/2.
44 XTOUT OUTPUT | Output from 6MHz Crys  tal Oscillator Cell. XTOUT stops oscillating
during USB suspend, so take care if using this signal to clock external
logic.
Table 3.3.3 Miscellaneous Signal Group
**Note 1 - During device reset, these pins are tri -state but pulled up to VCC via internal 200K resistors.
Copyright © 2009  Future Technology Devices International Limited 7
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Pin No.

Name

Type

Description

3Vv30UuUT

OUTPUT

3.3 volt Output from the integrated L.D.O. regulator This pin should be
decoupled to GND using a 33nF ceramic capacitor in close proximity to

the device pin. I'tés prime purpose i
to the USB transceiver cell and the RSTOUT# pin. A small amount of

current (<= 5mA) can be drawn from this pin to power external 3.3V

logic if required.

S

3,42

VCC

PWR

+4.35voltto + 5.25 volt VCC to the device core, LDO and non -UART/
FIFO controller interface pins.

14

VCCIOA

PWR

+3.0 volt to +5.25 volt VCC to the UART / FIFO A Channel interface pins
10..13, 15..17 and 19..24. When interfacing with 3.3V external logic in a
bus power ed design connect VCCIO to a 3.3V supply generated from the
USB bus. When interfacing with 3.3V external logic in a self powered
design connect VCCIO to the 3.3V supply of the external logic.

Otherwise connect to VCC to drive out at 5V CMOS level.

31

VCCIOB

PWR

+3.0 volt to +5.25 volt VCC to the UART / FIFO B Channel interface pins
26..30, 32..33 and 35..40. When interfacing with 3.3V external logic in a
bus powered design connect VCCIO to a 3.3V supply generated from the
USB bus. When interfacing with 3.3 V external logic in a self powered
design connect VCCIO to the 3.3V supply of the external logic.

Otherwise connect to VCC to drive out at 5V CMOS level.

9,18,
25,34

GND

PWR

Device - Ground Supply Pins

46

AVCC

PWR

Device - Analog Power Supply for the in ternal x8 clock multiplier. A low
pass filter consisting of a 470 Ohm series resistor and a 100 nF to GND
should be used on the supply to this pin.

45

AGND

PWR

Device - Analog Ground Supply for the internal x8 clock multiplier

Table 3.4.4 Power

and Ground Group

Copyright © 2009  Future Technology Devices International Limited
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3.3 10 Pin Definitions by Chip Mode

The FT2232D will default to dual serial mode (232 UART mode on both channel A and B, if no external
EEPROM is used, or the external EEPROM is blank . The definition of the following pins varies according to

the chip&s mode:

Channel A
Pin Definitions by Chip Mode **Note 2
Sii”e”c 232 245 Enhanced MPSSE | MCUHost | Fast CPU
Pin# name UART FIFO Asvnchron **Note Bus Opto - FIFO
Mode arsléll chronous 4 Emulati on | Isolated Interfa
Svnch Mode Serial ce
ynchronous “*Note 5 eria Mode
Serial
Mode
24 ADBUSO | TXD DO DO TCK/SK *Note 3 DO 24
ADO
23 ADBUS1 | RXD D1 D1 TDI/DO AD1 D1 23
22 ADBUS2 | RTS# D2 D2 TDO/DI AD2 D2 22
21 ADBUS3 | CTS# D3 D3 TMS/CS D3 21
AD3
20 ADBUS4 | DTR# D4 D4 GPIOLO AD4 D4 20
19 ADBUS5 | DSR# D5 D5 GPIOL1 AD5 D5 19
17 ADBUS6 | DCD# D6 D6 GPIOL2 AD6 D6 17
16 ADBUS7 | RI# D7 D7 GPIOL3 AD7 D7 16
15 ACBUSO | TXDEN RXF# WR# **Note 6 GPIOHO I/00 CS# 15
13 ACBUS1 | SLEEP# | TXE# RD# **Note 6 GPIOH1 /01 A0 13
12 ACBUS2 | RXLED# | RD# WR# **Note 7 GPIOH2 IORDY RD# 12
24 ADBUSO | TXD DO DO TCK/SK *Note 3 DO 24
ADO
11 ACBUS3 | TXLED# | WR RD# **Note 7 GPIOH3 osC WR# 11
10 SI/WUA SI/WUA SI/WUA SI/WUA **Note 8 **Note 8 **Note 8 10
Table 3.5.5 Pin Definition by Chip Mode (Channel A)
*Note 2: 232 UART, 245 FIFO, CPU FIFO Interface, and Fast Opto -Isolated modes are
enabled in the external EEPROM. Enhanced Asynchronous and Synchronous Bit -Bang modes,
MPSSE, and MCU Host Bus Emu lation modes are enabled using the driver comma nd set bit
mode. See Section 3.3  for details.
**Note 3: Channel A can be configured in another IO mode if channel B is in Fast Opto -
Isolated Serial Mode. If both Channe | A and Channel B are in Fast Opto -Isolated Serial Mode all

of the 10 will be on Channel B.

**Note 4: MPSSE is Channel A only.

Copyright © 2009  Future Technology Devices International Limited




Document No.: FT_000173

7 FTDI FT2232D DUAL USB TO SERIAL UART  /FIFO IC  Datasheet
\ Ch Version 2.00
= |p Clearance No..  FTDW# 127

**Note 5: MCU Host Bus Emulation requires both Channels.
**Note 6: The Bit -Bang Mode (synchronous and asynchronous) WR# and RD # strobes are on
these pins when the main Channel mode is 245 FIFO, CPU FIFO interface, or Fast Opto -Isolated
Serial Modes.
*Note 7: The Bit -Bang Mode (synchronous and asynchronous) WR# and RD# strobes are on
these pins when the main Channel mode is 232 UART Mode.
**Note 8: SI/WU is not available in these modes
Channel B
Pin Definitions by Chip Mode **Note 2
gii“e”c 232 245 Enhanced MPSSE MCU Fast CPU
Pin# name UART FIFO Asvnchronous **Note 4 Host Bus Opto - FIFO
Mode é’ u Emulatio Isolated Interface
an n Mode . Mode
Synchronous - Serial
Serial Note 5
Mode
40 BDBUSO | TXD DO DO A8 FSDI DO
39 BDBUS1 | RXD D1 D1 A9 FSCLK D1
38 BDBUS2 | RTS# D2 D2 A10 FSDO D2
37 BDBUS3 | CTS# D3 D3 All FSCTS D3
36 BDBUS4 | DTR# D4 D4 A12 **Note 3 D4
35 BDBUS5 | DSR# D5 D5 A13 D5
33 BDBUS6 | DCD# D6 D6 Al4 D6
32 BDBUS7 | RI# D7 D7 A15 D7
30 BCBUSO | TXDEN RXF# WR# **Note 9 CS# CS#
29 BCBUS1 | SLEEP# | TXE# RD# **Note 9 ALE A0
28 BCBUS2 | RXLED# | RD# WR# **Note 7 RD# RD#
27 BCBUS3 | TXLED# | WR RD# **Note 7 WR# WR#
26 SI/'WUB SI/WUB SI/WUB SI/WUB **Note 8 **Note 8 SI'WUB **Note 8
40 BDBUSO | TXD DO DO A8 FSDI DO

Table 3.6.6 Pin Definition by Chip Mode (Channel B)

**Note 2:

232 UART, 245 FIFO, CPU FIFO Interface, and Fast Opto

-Isolated modes are

enabled in the external EEPROM. Enhanced Asynchronous and Synchronous Bit

MPSSE, and MCU Host Bus Emulation modes are enabled using the driver comm

mode. See Section 3.3

**Note 3:

for d etails.

-Bang modes,

and set bit

Channel A can be configured in another 10 mode if channel B is in Fast Opto

Isolated Serial Mode. If both Channel A and Channel B are in Fast Opto
of the 10 will be on Channel B.

**Note 4:

Copyright © 2009
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**Note 5: MCU Host Bus Emulation requires both Channels.
**Note 6: The Bit -Bang Mode (synchronous and asynchronous) WR# and RD# strobes are on
these pins when the main Channel mode is 245 FIFO, CPU FIFO interface, or Fast Opto -Isolated

Serial Modes.

*Note 7: The Bit -Bang Mode (synchronous and asynchronous) WR# and RD# strobes are on

these pins when the main Channel mode is 232 UART Mode.

**Note 8: SI/WU is not available in these modes
**Note 9: The Bit -Bang Mode (synchronous and asynchronous) WR # and RD# strobes are on these
pins when the main Channel mode is 245 FIFO, CPU FIFO interface. Bit -Bang mode is not available

on Channel B when Fast Opto  -Isolated Serial Mode is enabled.

3.4 10 Mode Command Hex Values

Enhanced Asynchronous and Synchronous B it-Bang modes, MPSSE, and MCU Host Bus Emulation modes
are enabled using the D2XX driver command FT_SetBitMode. The hex values used with this command to

enable these modes are as follows -

Mode Value (Hex)
Reset the 10 bit Mode 0
Asynchronous Bit Bang Mod e 1

MPSSE 2
Synchronous Bit bang Mode 4

MCU Host bus Emulation 8

Fast Opto -lIsolated Serial Mode 10

Table 3.7.7 10 Mode Command Hex Values
See application note  AN2232 -02, iBi t Mode Functions DoformoredetalBT 22 32

and examples.

Note that all other device modes can be enabled in the external EEPROM, and do not require

these values to be configured.

In the case of Fast Opto  -Isolated Serial mode sending a value of 10 will hold this device mode in

reset, and sending a value of O will release this mode from reset.

Copyright © 2009  Future Technology Devices International Limited
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4 Function Description

The FT2232D is a USB to serial UART interface device which incorporates the functionality of two

of FTDI 6s s ec o Fi232Bs mmed FE245BNM rchips into a singl e device. A single downstream
USB port is converted to two 10 channels which can each be individually configured as a FT232BM -
style UART interface, or a FT245BM -style FIFO interface, without the need to add a USB hub. In

addition a new high drive level opt ion means that the device UART / FIFO IO pins will drive out at

around three times the normal power level, meaning that the bus can be shared by several devices.

4.0 Key Features

Two Individually Configurable 10 Channels . Eachofthe FT2232D6s ChandB)ednbe ( A an
individually configured as a FT232BM -style UART interface , or as a FT245BM -style FIFO interface. In  addition
these channels can be configured in a number of special IO modes

Integrated Power -On -Reset (POR) circuit : The device incorporates ani  nternal POR function. A

RESET# pin is available to allow external logic to reset the device where required, however for most
applications this pin can simply be hardwired to Vcc. A RSTOUT# pin is provided in order to allow the new

POR circuit to provide a  stable reset to external MCU and other devices.

Integrated RCCLK circuit: Used to ensure that the oscillator and clock multiplier PLL frequency are stable

prior to USB enumeration.

Integrated level converter on UART / FIFO interface and control signals : Each channel of the

FT2232D hasits own independent VCCIO pin that can be supplied by between 3V to 5V. This allows each

channel 6s output voltage drive |l evel to be individually confi
be interfaced to the device without the need for external l evel converter |
Improved power management control for high - power USB Bus Powered devices: The PWREN# pin

will become active when the device is enumerated by USB, and be deactivated when the device is in USB

suspend. T his can be used to directly drive a transistor or P -Channel MOSFET in applications where power
switching of external circuitry is required. The BM pull down enable feature (configured in the external
EEPROM) is also retained. This will make the device gent ly pull down on the FIFO / UART IO lines when the

power is shut off (PWREN# is high). In this mode any residual voltage on external circuitry is bled to GND
when power is removed, thus ensuring that external circuitry controlled by PWREN# resets reliably w hen

power is restored.

Send Immediate / Wake Up Signal Pin on each channel:  There is a Send Immediate / Wake Up

(SI/WU) signal pins  on each of the chips channels. These combine two functions on one pin. If USB is in

suspend mode (and remote wakeup is enabl ed in the EEPROM), strobing this pin low will cause the device

to request aresume from suspend (WakeUp) on the USB Bus. Normally, this can be used to wake up the

Host PC. During normal operation, if this pin is strobed low any data in the device RX buffer will be sent out
over USB on the next Bulk  -IN request from the drivers regardless of the packet size. This can be used to

optimise USB transfer speed for some applications
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Low suspend current: The suspend current of the FT2232D is typically under100 T A (excluding the

pull up resistoron  USBDP) in USB suspend mode. This allows greater margin for peripherals to meet the

USB Suspend current limit of 500uA.

Programmable Receive Buffer Timeout: The TX buffer timeout is programmable over USB in 1ms
increments from 1ms to 255ms, thus allowing the device to be better optimised for protocols requiring

faster response times from short data packets.

Relaxed VCC Decoupling: The improved level of Vcc decoupling that was incorporated into BM devices

has also b een implemented in the FT2232D device.

Baud Rate Pre  -Scaler Divisors  : The FT2232D (UART mode) baud rate pre -scaler supports division by
(n+0), (n+0.125), (n+0.25), (n+0.375), (n+0.5), (n+0.625), (n+0.75) and (n+0.875) where nis an
integer between 2 and 16,384 (2 %).

Extended EEPROM Support: The FT2232D supports 93C46 (64 x 16 bit), 93C56 (128 x 16 bit), and
93C66 (256 x 16 bit) EEPROMSs. The extra space is not used by the device. However it is available for use
by other external MCU / logic whilst the F T2232D is being held in reset. There is now an additional 64 words

of space available (128bytes total) in the user area when a 93C56 or 93C66 is used.

USB 2.0 (full speed option): An EEPROM based option allows the FT2232D to return a USB 2.0d evice
descri ptor as opposed to USB 1.1. Note: The device would be a USB 2.0 Full Speed device (12Mb/s) as
opposed to a USB 2.0 High Speed device (480Mb/s).

In addition to the BM chip features, the FT2232D incorporates the following new features and interface

modes: -

Enhanced Asynchronous Bit - Bang Interface: The FT2232D supports FTDId&ds BM chip
Bit Bang mode, the eight FIFO data lines can be switched between FIFO interface mode and an 8 -bit Parallel

10 port. Data packets can be sent to the device and they will be sequentially sent to the interface at a rate

controlled by an internal time (equivalent to the baud rate prescaler). With the FT2232D device this mode

has been enhanced so that the internal RD# and WR# strobes are now brought out of the devic e which can
be used to allow external logic to be clocked by accesses to the Bit -Bang IO bus.

Synchronous Bit - Bang Interface : Synchronous Bit -Bang Mode differs from  Asynchronous Bit -Bang mode
in that the device is only read when it is written to. Thus maki ng it easier for the controlling program to

measure the response to an output stimulus as the data returned is synchronous to the output data.

High Output Drive Level Capability : The 1O interface pins can be made to drive out at three times the
standard d rive level thus allowing multiple devices, or devices that require a greater drive strength to be
interfaced to the FT2232D. This option is configured in the external EEPROM, ad can be set individually for

each channel.
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Multi - Protocol Synchronous Se rial Engine  Interface (M.P.S.S.E.) : The Multi -Protocol Synchronous

Serial Engine (MPSSE) interface is a new option designed to interface efficiently with synchronous serial

protocols such as JTAG and SPI Bus. It is very flexible in that it can be configure d for different industry

standards, or proprietary bus protocols. For instance, it is
channelsto an SRAM configurable FPGA as supplied by vendors such as Altera and Xilinx. The FPGA device

would normally be un -configured (i.e. have no defined function) at power  -up. Application software on the PC

could use the MPSSE to download configuration data to the FPGA over USB. This data would define the

hardwareod6s function on powehanne would belwilao tlé ferotheF deAacBs3 This

approach would allow a customer t o cwhesethadware flingtemcantbhé c 0 USB per
defined under control of the application software. The FPGA based hardware could be easily upgraded or

totally changed simply b~ ychangingthe FPGA confi guration dat a fICdeeelopmertsee FTDI 6s

module for a practical example, www.morph __ -ic.com )
MCU Host Bus Emulation: This new mode combines the tOmdketlen &FT283B® bus i nt e
interface emulate a standard 8048 / 8051 style MCU bus. This allows peripheral devices for these MCU

families to be directly attached to the FT2232D with 10 being performed over USB with the help of MPSSE

interface technology.

CPU - Style FIFO Inter face: The CPU style FIFO interface is essentially the same function as the classic

FT245 interface; however the bus signals have been redefined to make them easier to interface to a CPU
bus.
Fast Opto -Isolated Serial Interface : A new proprietary FTDI proto col is designedto  allow galvanically

isolated devices to communicate synchronously with the FT2232D using just 4 signal wires (over two dual
opto -isolators), and two power lines. The peripheral circuitry controls the data transfer rate in both
directions, whilst maintaining  full data integrity. Maximum USB full speed data rates can be achieved. Both

6 A0 and 6 Béan eoimmaunicate bver the same 4 wire interface if desired.
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4.1 Functional Block Descriptions

The following paragraphs detail eac h function within the FT2232D. Please refer to the block diagram

shown in Figure 2.1.

3.3V LDO Regulator : The 3.3V LDO Regulator generates the 3.3 volt reference voltage for driving the USB
transceiver cell output buffers. It requires an external decouplin g capacitor to be attached to the 3V30OUT
regulator output pin. It also provides 3.3V power to the RSTOUT# pin. The main function of this block is to
power the USB Transceiver and the Reset Generator Cells rather than to power external logic. However,
exter nal circuitry requiring 3.3V nominal at a current of not greater than 5mA could also draw its power from
the 3V30UT pin if required

USB Transceiver: The USB Transceiver Cell provides the USB 1.1 or USB 2.0 full -speed physical interface
to the USB cable. Th e output drivers provide 3.3 volt level slew rate control signalling, whilst a differential

receiver and two single ended receivers provide USB data in, SEO and USB Reset condition detection.

USB DPLL: The USB DPLL cell locks on to the incoming NRZI USB da ta and provides separate recovered

clock and data signals to the SIE block.

6MHz Oscillator: The 6MHz Oscillator cell generates a 6MHz reference clock input to the x8 Clock

multiplier from  an external 6MHz crystal or ceramic resonator.

x8 Clock Multiplier : The x8 Clock Multiplier takes the 6MHz input from the Oscillator cell and generates a
48MHz reference clock for the USB DPPL and the Baud Rate Generator blocks.

Serial Interface Engine (SIE): The Serial Interface Engine (SIE) block performs the Parallel to Serial and
Serial to Parallel  conversion of the USB data. In accordance to the USB 2.0 specification, it performs bit

stuffing /un - stuffing and CRC5 / CRC16 generation / checking on the USB data stream.

USB Protocol Engine: The USB Protocol Engine man  ages the data  stream from the device USB control
endpoint. It  handles the low level USB protocol (Chapter 9) requests generated by the USB host controller

and the commands for controlling the functional parameters of the UART / FIFO controller blocks.

Dual Port TX Buffers (128 bytes): Data from the USB data out endpoint is stored in the Dual Port TX

buffer and removed from the buffer to the transmit register under control of the UART FIFO controller.

Dual Port RX Buffers (384 bytes): Data from the UART / FI  FO controller receive  register is stored in the
Dual Port RX buffer prior ~ to being removed by the SIE on a USB request for data from the device data in

endpoint.

Multi - Purpose UART / FIFO Controllers : The Multi -purpose UART / FIFO controllers handle the tr ansfer
of data between the Dual Port RX and TX buffers and the UART / FIFO transmit and receive registers.  When
configured asa UART it performs asynchronous 7 / 8 bit Parallel to Serial and Serial to Parallel conversion of

the data on the RS232 (RS422 and RS485) interface.  Control signals supported by UART mode include RTS,
CTS, DSR, DTR, DCD and RI. There  are also transmitter enable control signal pins (TXDEN) provided to

assist with interfacing to RS485 transceivers. RTS/CTS, DSR/DTR and Xon/Xoff handsha king options are

also supported. Handshaking, where required, is handled in hardware to ensure fast response times. The

UARTOs al so supports t heanddsteciod coBIRE& K setti ng
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Baud Rate Generator : The Baud Rate Generator provides a x16 clock input to the UARTO6s from
reference clock and consists of a 14 bit prescaler and 3 register bits which provide fine tuning of the baud
rate (used to divide by a number plus a fraction). This determines the Baud Rate of the UART which is

programma ble from 183 baud to 3 million baud.

RESET Generator : The Reset Generator Cell provides a reliable power -on reset to the device internal

circuitry on power up. An additional RESET# input and RSTOUT# output are provided to allow other devices
toresetthe F T2232D, or the FT2232D  to reset other devices respectively. During reset, RSTOUT# is driven
low, otherwise it drives out at the 3.3V provided by the onboard regulator. RSTOUT# can be used to control

the 1.5K pull -up on USBDP directly where delayed USB enumeration is required. It can also be used to reset
other devices. RSTOUT# will stay high - impedance for approximately 5ms after VCC has risen above 3.5V
AND the device oscillator is running AND RESET# is high. RESET# should be tied to VCC unlessit isa

requirement to reset  the device from external logic or an external reset generator I.C.

EEPROM Interface: When used without an external EEPROM the FT2232D be configured as a USB to dual
serial port device. Adding an external 93C46 (93C56 or93C66)EE PROM al | ows eac hchanfielst he chi g
to be independently configured as a serial UART (232 mode), or a parallel FIFO (245 mode). The external

EEPROM is used to enable the Fast Opto -Isolated Serial interface mode.

The external EEPROM can also be used to customise the USB VID, PID, Serial Number, Product Description
Strings and Power Descriptor value of the FT2232D for OEM applications. Other parameters controlled by

the EEPROM include Remote Wake Up,  Soft Pull Down on Power -Off and USB 2.0 descriptor mode S. The
EEPROM should be a 16 bit wide

configuration such as a MicroChip 93LC46B or equivalent capable of a 1Mb/s clock rate at VCC = 4.35V to
5.25V. The EEPROM is programmable  -on board over USB using a utility program avail able from FTDI 6
site ( www.ftdichip. com ). This allows a blank part to be soldered onto the PCB and programmed as part

of the manufacturing and test process. If no EEPROM is connected (or the EEPROM is blank), the FT2232D
will default to dual seri  al ports. The device uses its built -in default VID, PID  Product Description and Power

Descriptor Value. In this case, the device will not have a serial number as part of the USB descriptor.
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5 Devices Characteristics and Ratings

5.0 Absolute Maximum Rating S

These are absolute maximum ratings for the  for the FT2232D device in accordance with the Absolute

Maximum Rating System (IEC 60134). Exceeding these may cause permanent damage to the device.

Parameter Value Unit
Storage Temperature -65°C to 150°C Degree s C
192

Floor Life (Out of Bag) At Factory Ambient
(IPC/JEDEC J -STD-033A MSL Level 3 Hours

R 0 . .
(30°C / 60% Relative Humidity) Compliant) * *Note 10

Ambient Temperature (Power Applied) -40°C to 85°C Degrees C
VCC Supply Voltage -0.5to0 +6.00 \%
DC Input Volt age 7 USBDP and USBDM -0.5t0 +3.8 \Y
DC Input Voltage_ i High Impedance _0.5t0+( VCC +0.5) Vv
Bidirectional
DC Input Voltage i All Other Inputs -0.5to + (VCC +0.5) \%
DC Output Current i Outputs 24 mA
DC Output Curr_eljt i Low Impedance o4 mA
Bidirectional
Power Dissipation ( VCC = 5.25V) 500 mw
Electrostatic Discharge Voltage (Human )
Body Model) (I < 1 +/ - 3000 v
Latch Up Current (Vi = +/ - 10V maximum, 200 mA
for 10 ms
Table 5.1 Absolute Maximum Ratings
**Note 10 if devices are stored out of the packaging beyond this time limit the devices should be baked
before use. The devices should be ramped up to a temperature of 110 °C and baked for 8 to 10 hours
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5.1 DC Characteristics

DC Characteristics (Ambient Temperature = -40°Cto +85°C)

Paramet er Description Minimum Typical Maximum Units Conditions

i 4.35 5.0 5.25 \
VCC1 VCC Operating Supply
Voltage
VCel VCC Operating Supply 3.0 - 5.25 \%
Voltage
lccl Operating Supply --- 30 -—- mA Normal Operation
Current
Operating Supply N USB Suspend
lcc2 Current 100 200 A **Note 11

Table 5.2 Operating Voltage and Current

**Note 11 -Supply current excludes the 2007 A n oupiresistdrondr awn

USBDP.

Parameter Description Minimum Ty pical Maximum Units Conditions
Voh Output Voltage High 3.2 4.1 4.9 \% | source = 2mA
Vol Output Voltage Low 0.3 0.4 0.6 Y I sink = 2mA

) Input Switching
Vin Threshold 1.3 1.2 15 \
VHys Input Switching 50 25 30 mv
Hysteresis

Table 5.3 10 Pin Characteristics (VCCIO = 5.0V, Standard Drive Level) **Note 12

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 2.2 2.7 3.2 \% | source = 1ImA
Vol Output Voltage Low 0.3 0.4 0.5 \% I sink = 2mA

. Input Switching
Vin Threshold 1.0 1.2 15 \Y
VHys Input Switching 20 25 30 mv
Hysteresis

Table 5.4 10 Pin Characteristics (VCCIO = 3.0V

Copyright © 2009
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Paramete r Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 3.2 4.1 49 \% | source
Vol Output Voltage Low 0.3 0.4 0.6 \% I sink =6 mA
Vin Input Switching 13 1.6 1.9 \%
Threshold
VHys Input Switching 50 55 60 mV
Hysteresis
Table 5.5 10 Pin Characteristics (VCCIO = 5.0V, Standard Drive Level) **Note 12 and 13
Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 2.2 2.8 3.2 \Y, | source = 3mA
Vol Output Voltage Low 0.3 0.4 0.6 \% I sink =8 mA
Vin Input Switching 10 1.2 15 \%
Threshold
VHys Input Switching 20 25 30 mV
Hysteresis
Table 5.6 10 Pin Characteristics (VCCIO = 3.0V -3.6V, Standard Drive Level ) **Note 12 and 13
**Note 12: Inputs have an internal 200K pull -up resistor to VCCIO, which can alternativly be

programmed to pull down using a configuration bit in the external EEPROM.

**Note 13

can be configured individually.

: The high output drive level is configured in the external

EEPROM. Each channel

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 4.0 - 5.0 \% Fosc = 6MHz
Vol Output Voltage Low 0.1 - 1.0 \% Fosc = 6MHz
Vin Input Switching 18 25 3.2 \%

Threshold
Voh Output Voltage High 4.0 - 5.0 \% Fosc = 6MHz

Table 5.7 XTIN/XTOUT Pin Characteristics
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Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 3.2 4.1 49 \% | source = 2mA
Vol Output Voltage Low 0.3 0.4 0.6 \% I sink =2 mA
Vin Input Switching 13 1.6 1.9 \%
Threshold
VHys Input Switching 50 55 60 mV

Hysteresis

Table 5.8 RESET#and TEST EECS, EESK, EEDATA Pi

n Characteristics **Note 14

**Note 14 - EECS, EESK, EEDATA and RESET# pins have an internal 200K pull -up resistor to VCC
Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 3.0 - 3.6 \% | source = 2mA
Vol Output Voltag e Low 0.3 - 0.6 \Y, I sink = 2mA
Table 5.9 RSTOUT# Pin Characteristics
Parameter Description Minimum Typical Maximum Units Conditions
. . RI = 1.5k
UVoh VO Pins ?Iﬂl?t'ﬁ)omp“t 2.8 - 3.6 v 3V30UT (D+) Rl =
9 15Kh to GN
. . RI = 1.5k
UVol VO Pins S(’tl_it\'f\;)o“tp“t 0 - 0.3 v 3V30UT (D+) Rl =
15kn to G)N
Single Ended Rx
UVse Threshold 0.8 - 2.0 \%
UCom Differential Common 08 ) 25 Vv
Mode
UVDIf Dlﬁerentlg_l I_nput 0.2 . . Vv
Sensitivity
uDnvzZ Driver Output 26 - 44 Ohms
Impedance
Table 5.10 USB I/O Pin (USBDP, USBDM) Characteristics **Note 15
**Note 15 - Driver Output Impedance includes the external 27R series resis tors on USBDP and USBDM
pins.
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6 USB Power Configurations
The following sections illustrate possible USB power configurations for the FT2232D.
6.0 USB Bus Powered Configuration
USE "B Ferrite Bead ATOR
"B | vce
Connector L 1
— 1 2R 0.1uF
_‘J 2 — 3| 42| 14| 45
— | 3 — vV V vy A g
Higr TR C C ¢ ¢C v
\—i F— cC € cc c
5 T 1onF | wsour & & ¢
—vr " 33nF g :
?) usaom
7| usBDP
1.5K
|:|T1 FT2232D
5
RSTOUT#
aa 43 ¥TIN
6MHz[ |
& 24} xTOUT
l VGG
2TpF Z7pF * ReseT#
10K 48 EECS
vCe —; EESK
EEDATA
A
47
G 66 G G
. TEST W NN NN
D DD D D
Decoupling Capacitors 4 |18 |2 |34
Figure 6.1 Bus Powered Configu ration
Figure 6.1 Illustrates the FT2232D in a typical USB bus powered configuration. A USB Bus
Powered device gets its power from the USB bus. Basic rules for USB Bus power devices are as
follows: -
a) Onplug -in, the device must draw no more than 100mA
b) On USB Suspend the device must draw no more than 500]

c) A High Power USB Bus Powered Device (one that draws more than 100mA) should use the
PWREN# pin to keep the current below 100mA on plug -in and 5007 A on USB suspenc
d) Adevicethatc onsumes more than 100mA cannot be plugged into a USB Bus Powered Hub
e) No device can draw more that 500mA from the USB Bus.
The power descriptor in the EEPROM should be programmed to match the current draw required by the
device. A Ferrite Bead iscon  nected in series with USB power to prevent noise from the device and
associated circuitry (EMI) being radiated down the USB cable to the Host. The value of the Ferrite Bead
depends on the total current required by the circuit - a suitable range of Ferrite Beads is available from
Steward ( www.steward.com ) for example Steward Part # MIOBO5K400R  -00 also available from  DigiKey,
Part# 240-1035 -1.
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6.1 USB Self Powered Configuration

USE "B"
Connector

2TR

"R,
27R c ccec
c c ccC
E |
Iw3oUT o
IInF A
B
7
5
4

0ok

|hwh“—l

4.7K

USBOM  FT2232D

use DP

10K

1.5K

vee
RESET®
a7
. TEsT & G
N N
D D
9

0.1uF 0.1uF 10uF
45

G G G

M H N

D DD
18 25( 34

Decoupling Capacitors

Figure 6.2 Self Powered Configuration

Figure 6.2 illustrates the FT2232D in a typical USB self powered configuration. A USB Self
Powered device gets its power from its own POWER SUPPLY and does not draw current from the
USB bus. The basic rules for US B Self power devices are as follows i

a) A Self -Powered device should not force current down the USB bus when the USB
Host or Hub Controller is powered down.

b) A Self Powered Device can take as much current as it likes during normal operation and
USB suspend as it hasits  own POWER SUPPLY.

c) A Self Powered Device can be used with any USB Host and both Bus and Self Powered USB
Hubs.

The USB power descriptor option in the EEPROM should be programmed to a value of zero (self powered).

To meet requirem enta)the 1.5 K pull  -up resistors on USBDP is connected to RSTOUT# as per the bus -
power circuit. However, the USB Bus Power is used to control the RESET# Pin of the FT2232 D device. When
the USB Host or Hub is powered up RSTOUT# will pull the 1.5K resistor on USBDP to 3.3V, thus identifying

the device as a full speed device to USB. When the USB Host or Hub power is off, RESET# will go low and

the device willbe h  eld inreset. As RESET# is low, RSTOUT# will also be low, so no current will be forced

down USBD P viathe 1.5K pull -up resistor when the host or hub is powered down. Failure to do this may

cause some USB host or hub controllers to power up erratically. Note: When the FT2232D is in reset, the

I/O interface pins all go tri -state. These pins have intern ~ al 200K pull -up resistors to VCCIO, so they will

gently pull high unless driven by some external logic.
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6.2 Interfacing to 3.3V Logic
3.3V LDO
Regu|at0r 3.3V Power to
veeavs External Logic
In Qut L
Gnd l
J7 I 0.1uF
Ferrite Bead
vee ATOR
D S
; |—|2m 3| 42| 14]31
nmeyn -'.'IS "
USB "B 3 L | ——y O-1uF
Connector 2 27TR | C ¢ co s
% 33nF C ¢ cc c
= 6 1 E VCCav3
10nF 3VIOUT g g
v . AB T
USBE DM 10
7 SIWUA
vee USE DP
FT2232D
1.5K
VCC3V3
J— 5] RsTOUTH
| 0.1uF | 0.1uF DuF vCceC 2
| SIWUB
Decc:-upllng A
Capacitors A
AT G G G G G
TEST y NN N N
D DD D D
45 |9 |18 |25 |34

Figure 6.3 Bus Powered Circuit with 3.3V logic drive and 10 supply voltage

Figure 6.3 shows how to configure the FT2232D to interface with

a discrete 3.3V regulator is used to supply the 3.3V logic from the USB supply. VCCIOA and VCCIOB

are connected to the output of the 3.3V regulator, which

pins on both channels to drive out at 3.3V level. It is also possible to have one IO interface channel
driving out at 5V level, and the other at 3.3V level. In this case one of the VCCIO pins would be

connectedt o 5V, and the other connected to 3.3V.

For USB bus powered circuits some considerations have to be taken into account when selecting the

regulator:

3.3V logic devices. In this example,

in turn will cause the device interface 10

a) The regulator must be capable of sustaining its output voltage with an input voltage of 4.35

volts. A Low Drop Out

(LDO) regulator must be selected.

b) The quiescent current of the regulator must be low in order to meet the USB suspend

total current requirement of

< =

5007V A during

UuSB

An example of a regulator family that meets these requirements is the MicroChip (Telcom) TC55

Seri

es. These

In some cases, where only a small am

devices

can supply up

to 250mA

ount of current is required (< 5mA) , it may be possible to

use the in -built regulator of the FT2232D to supply the 3.3V without any other components being
required. In this case, connect VCCIOA or VCCIOB to the 3V30UT pin of the FT2232D.
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Note: It should  be emphasised that the 3.3V supply for VCCIO in a bus powered design with a 3.3V
logic interface should come from an LDO which is supplied by the USB bus, or from the 3V3OUT pin

of the FT232BM, and not from any other source. Please also note that if the SI /WU pins are not
being used they should be pulled up to the same supply as their respective VCCIO pin.

Figure 6.4 Self Powered Circuit with 3.3V logic drive and 1O supply voltage

Figure 6.4 is an example of a FT2232D USB self powered design with 3.3V interface. In this case

the VCCIOA and VCCIOB pins are supplied by an external 3.3V supply in order to make both of the
devicedos |1 O channels drive out at 3.3V I ogic a38wel, thus all o
MCU or other external logic. It is also possible to have one 10 interface channel driving out at 5V

level, and the other at 3.3V level. In this case one of the VCCIO pins would be connected to 5V,

and the other connected to 3.3V. A USB self powered design uses its own power supplies, and

does not draw any of its power from the USB bus. In such cases, no special care need be taken to

meet the USB suspend current (0.5 mA) as the device does not get its power from the USB port.

As with bus powered 3.3V interface designs, in some cases, where only a small amount of current

is required (<5mA), it may be possible to use the in -built regulator of the FT2232D to supply the
3.3V without any other components being required. In this case, connect VCCIOA or VCCI OB to
the 3V30OUT pin of the FT2232D. Note that if the SI/WU pins are not being used they should be

pulled up to the same supply as their respective VCCIO pin.
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