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niversal Serial Bus (USB) in-

terfaces are everywhere today.

Low-cost flash memory dri-

ves and al kinds of USB pe-
ripherals are readily available, but they
focus heavily on the personal computer
market. When designers attempt to use
these peripheralsin the 8- and 16-bit em-
bedded market, they quickly learn that
implementation, cost and power con-
sumption are prime issues. One reason
for the challenge lies in the embedded
controllersthat embedded systems often
use. Deviceslike the PIC family of con-
trollersfrom Microchip serve widely with
a broad range of memory densities and
peripherals, but they lack the interfaces,
resources and performance to incorpo-
rate a USB host controller.

This article looks at the detailed im-
plementation and programming of a de-
signtolink alow cost PIC microcontroller
to a flash drive through a USB2.0 full-
speed interface. Topicsinclude the hard-
ware design of an embedded interface
based on a PIC microcontroller and aVin-
culum USB interface chip by Future Tech-
nology Devices International. (FTDI).
Thereasoisdiscussion of thetypical pro-
gramming of both items, to enable ubig-
uitous USB flash drives to work as re-
movable storage in a wide array of em-
bedded applications.

In this example, a VNCILL Vinculum
controller 1C provides the interface be-
tween the PIC as the system controller
and a USB2.0 full-speed port. This al-
lows the creation of a USB flash mem-
ory drive connection, for example, while
requiring aminimum of implementation
time and overhead

A Look at the Controller

The controller is based on a custom
processor core with twin direct memory
access (DMA) enginesto accelerate data
transfers, and a32-bit numeric co-proces-
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Fig. 1: Interfacing a USB flash drive to a PIC microcontroller

sor to optimize the calculationsfor thefile
system. All these devices occupy asingle
chip that offers 64KB of embedded flash
program memory as well as 4KB of in-
ternal data SRAM.

Vinculum specifically targets the em-
bedded USB controller market and re-
quires a minimum of external support
components. One key feature of the Vin-
culum coreisthat its code length issig-

nificantly shorter than that of common
microcontroller unit (MCU) cores. Re-
ducing the code overhead of the core
makesit possibleto squeeze much more
functionality than before into the on-chip
e-flash memory. These features are com-
plementary to a Pl C-based embedded
system. Inthe system (Fig. 1), Vinculum
links a small PIC MCU to a USB “A”
connector and henceto aUSB flash drive.
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System Operation

The PIC is the system controller, tak-
ing data from sensors or other sources
through its general purpose input-output
(1-O) pins (RCO, RC1, RA2 on pins
9,10,11). It then convertsthe data format
and writes that data in a stream to afile
on the flash drive. Commands and data
travel through TXD (pin 6) tothe VNC1L
RXD (pin 32). VNCIL handles the cre-
ation of thefileallocation tables (FAT-12,
-16 or -32) and data storage on the USB
flash drive.

Communication with the drive takes
place through USB2DM and USB2DPon
pins 28 and 29. The same pins handle read-
ing of datafrom the flash drive. The sys-
tem then sends the data from the VNC1L
TXD (pin 31) to the RXD (pin 5) of the
PIC for use by the system firmware.

Firmware on the PIC controls the sys-
tem. Additionally, the PIC issuesinstruc-
tions that control the transfers. Standard
firmware on the Vinculum interprets these
instructions. Thisis merely asimple de-
scription of the system. Other items and
steps are necessary to complete the de-
sign. The devices need power, they need
crystals to control their clocks, and they
need programming.

Using a20MHz crystal on pins 2 and
3 of the PIC allows baud rates of up to
115,200 bits per second in the Univer-
sal Asynchronous Receiver Transmitter
(UART) interface. For comparison, the
maximum baud rate with the internal
8MHz oscillator is 9,600 bits per sec-
ond. Therefore, the 20MHz crystal
greatly improves the performance of the
system. The PIC firmware uses |-O pins
RC2 and RC3 to simulate the Request
to Send (RTS) and Clear to Send (CTS)
handshake signals with the VNC1Ls
UART interface.

The system requires a regulated, 5V
power supply unit at 250mA, providing
up to 200mA at the USB “A” connector,
as well as 25mA to power the VNCI1L
and 25mA to power the PIC16F688.
VNCIL requires a 3.3V supply, which
comes from a 3.3V low dropout regula-
tor, and has 5V-tolerant I-O pins, enabling
it to connect to the PIC without using
level shifters.

For low-power applications, the
VNCIL offers a 2mA sleep mode. To
wake the device, the system can strobe
thering indicator (RI) pin (pin 38) of the
UART interface. If thisis connected to
the RXD line, it can be triggered by an
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incoming dummy command to wake up
the device.

Thisdesign also incorporates a bi-color
light-emitting diode (LED) that serves
asastatusindicator. Power for thisitem
comes from pins 16 and 18. The status
light indicates successful enumeration of
the USB flash drive, aswell as accessto
the file system.

Firmware Programming

To program the VINCLL, thereis stan-
dard firmware, called VDAP (Vinculum
Disk and Peripheral) that interprets the
commands coming from the PIC. These
VDAP commands are DOS-like instruc-
tions like DIR, RD and WR. The com-
mand set also supports single-byte hex
commands, which are suitable for control
by a microprocessor.

VDAP commands are part of the PIC
firmware, helping to control accessto the
USB flash drive. A typicd sequencewould
beto createafile, read or write datato the
file and then close thefile.

PIC Programming

Thisdesign contains two programming
headers, one for each device, on the as-
sumption that users will want to operate
in development environment. For a pro-
duction design, users could pre-program
both devices beforeinsertion on aprinted
circuit board, thereby eliminating the
headers and jumpers.

During normal operation, J1 and J2
should be populated and the other
jumpers left open. To program the
VNCIL, designerswould remove J1 and
J2 jumperstoisolatethe VNC1L UART
inputs from the PIC outputs. They can
disconnect the 5V power supply unit, and
then connect a TTL-232R-3V 3 cable to
H2. The USB side of this cable connects
to apersonal computer with the VPROG
programming utility installed. Design-
ers can populate J4 to pull the PROG#
pin of the VNCL 1A low. They then can
temporarily short J3 to reset the device
and put it into programming mode. Af-
ter programming, it is important to re-
store the jumper settings to the opera-
tional positions.

The programming header for the PIC
connects to pins RAO and RA1 and
MCLR# of the device. The header sup-
plies the 5V programming voltage and
supply. Engineers should disconnect the
5V power supply unit before program-
ming the PIC microcontroller. If the header

connects to a standard PIC development
environment like PICKit2, it becomes pos-
sibleto use Microchip’s debug and down-
loading tools.

FTDI has prepared a sample of the
source codein C programming language,
and has made it avalable at
http://www.vinculum.com/projects/Sam-
pleCsource.zip. In this sample, the PIC
waitsfor the system to detect aflash disk,
then opensafilecalled hello.txt. The sys-
tem next writes the entire “Hello World”
text, including carriage return and line
feed characters to the file. It then closes
the file and waits for the user to remove
the disk.

Conclusion

FTDI's Vinculum VNCLL provides
an easy-to-use, easy-to-program inter-
face between alow-cost microcontroller
and a USB 2.0 low- to full-speed pe-
ripheral. The DOS-like command set
makes it easy to write and debug a data
transfer routine within the microcon-
troller environment. The simple layout
provides a low-cost USB host imple-
mentation for embedded systems. This
allows the use of low-cost, ubiquitous
USB flash drives as the data storage me-
diafor the system. It also supports soft-
ware upgradesin thefield. The VNC1L
device also can help to connect many
other USB peripherals besides mass stor-
age devices.

Additionally, the Vinculum IC accounts
for lessthan 10 percent of the power bud-
get of the USB interface and represents
even less of the system’s power budget
of the system. With thisdevice, engineers
can add USB2.0 host controller portsto
portable devicesin an easy and straight-
forward manner. The VDAP firmware
and a document describing the complete
command set are available from FTDI’s
Vinculum Web site at
www.vinculum.com.
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