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1 Overview

This document provides step by step instructions for using the Vinculum -1 VNC2 Integrated Development
Environment (IDE) to debug applications using VNC2 family of USB embedded controllers. It also details
the hardware needed to interface to the VNC2 debug port.

PCIDE

with / n Debugger iLarkait ’\ Target
Debugger \ LER: ogran mlngl;// Bl
Software

Figure 1.1 Typic al Debugger Interface

Figure 1.1 shows a typical development/debugging environment that consists of IDE software running on

a host PC with the debugger interface that communicates with debugger hardware on the USB bus.

Debug hardware translates the data into serial format which is used by a target device to execute debug
commands. This kind of debug implementation is commonly known as serial In - Circuit Programming.

VNC2 carries out debug operation through a single Debugger Interface pin (D EBUG_IF). At power up, by
default, this pin is available on IOBUSO. Although this pin can be relocated to a different GPIO pin using
the IOMux feature, it is recommended that the debugger interface pin is not relocated from IOBUSO.

Vinculum Il IDE provides a debugger interface engine which provides all the serial interface debug
commands and communicates with the target device using a USB to UART IC such asthe  FT232R.

There are t wo options for customers to implement a debugger interface from the host PC to a VNC2:

1. Use the VNC2 Debugger /Programmer Module from FTDI which can be connected to a compatible
debug header on a customer target board.
2. Implement the debug module circuitry on the target board with a USB interface.

This document first describes a basic VNC2 circuit containing the minimum components to utilize the
debugger. Next,a discussion of the debugger interface circuit and connector  is provided to illustrate the
availabl e debug choices. Finally, the debug operations within the VNC2 are shown.

With a basic understa  nding of the debug hardware, and using the VNC2 IDE debug features, this

document illustrates the debug operations using a V2 -Eval board (which already has the debug hardware
implemented on the board). This document describes a step by step process of using the debugger

interface, adding watch variables, applying break points and stepping through demo code.
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2 Hardware Requirements
There are two options in whic h debug interface can be implemented on target device

1. Using the FTDI VNC2 Debug ger/Programmer Module
2. Designing on board Debugger Hardware Interface (as on the FTDI V2 -EVAL Board)

2.1 |Interfacing to a VNC2 Debug ger/Programmer Module

VNC2-IDE (Running on PC) Target VNC2 Board

Debugger Interface
[mtine_ [GUI ’

N Debug Header _/I
Figure 2.1 VNC2 Debugger Interface
When using the FTDI  VNC2 Debugger /Programmer Module as an external accessory, the target circuit
requires a male debug header which the debugger /programmer  module plugs onto. The following signal s

must be connected to the VNC2 and made available on the debug header.

CNZ2
1__ 4+——» Debug IF
28 Key

3Q——— 6nd
4 C)————» Reset#
5 >————» Progh
6Q)——— VCC

—

Figure 2.2 VNC 2 Debugger /Programmer Module Connector

The VNC2 Debugger /Programmer Module uses a 2mm right  -angle single -row female header. Pin 2 is
blocked as a polarity keyway. The mating connector on the target circuit must have pin 2 removed. A
suggested mating connector is the Sullins NRPNO61PARN-RC. This is a standard part number that does

not have the pin 2 keyway. Pin 2 can be removed or cut from the connector. Customized connectors are
available through many manufacturers.

The length of the pins should be approximately 4mm for a solid connection.

Copyright © 2011 Future Technology Devices International Limited
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Pin Signal Name Type Description
Bi- . ] ]
1 DEBUG_IF o Serial debug data interface pin T half -duplex
Directional

2 N/A N/A Keyway for proper attachment of VNC2 Debugger Module

3 GROUND Power Signal ground

4 RESET# Input VNC2 Reset 1 Active LOW

VNC2 Program i Active LOW
5 PROG# Input For legacy programming designs and recovery of the debug

interface

+5V DC from VNC2 Debugger  /Programmer Module (250mA
6 vce Power max)

See notes below

Table 2.1 VNC2 Debugger/Programmer Module interface on Target Hardware
NOTE S:

1. The +5V DC available on VCC through the VNC2 Debugger /Programmer  Module is limited to
approximately 250mA. If the target circuit is powered through the VNC2 Debugger Module, ¢ are
must be taken to ensure the target circuit does not draw mor e than this limit. USB Host
applications commonly require up to 500mA per port; an external power supply is recommended

in these situations.

2. Care should also be taken to prevent any current from the target circuit from being applied to the
VNC2 Debugger /Programmer Module. A Schottky diode in series with the Anode connected to the
VNC2 Debugger /Programmer Module VCC will prevent this situation.

3. RESET# and PROG# are outputs from the VNC2 Debugger/Programmer Module.

2.2 Designing An On-Board Debugger Interface

A second debug option isto incorporate the  debug module equivalent circuitry directly onto the customer
application board. The debug circuitry converts the single pin debug interface into a USB type B interface

which enables a user to connect the debug hardware to a PC running the VNC2 Toolchain | DE. The
conversion from the serial debug interface is accomplished through  a USB to UART IC such as the
FT232R.

The following components are used to implement the debug circuitry. (A further detailed description of
each component is outlined in the fo llowing sections).

1. Vinculum Il (VNC2)

2. Dual buffer driver chip to convertthe single debug signal into UART interface with separate
transmit and receive signals

3. FT232R converter IC  to convert USB to serial UART

4. USBtype B socket connector for connection withthe host PC running the VNC2 Toolchain IDE

Copyright © 2011 Future Technology Devices International Limited
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S

Target VNC2 Board

VNC2-IDE (Running on PC)

Debugger Interface

[ cmdine_ I GuI ]

Figure 2.3 Debugger Interface on Target VNC2 Board
2.2.1 VNC2 DEBUG_IF Assignment

FT232R+Dual Buffer Driver

-

The VNC2 ch ip uses the D EBUG_IF signal to carry out debug operation on the chip. The DEBUG_IF signal
is connected to an internal debug engine that decodes serial debug commands and executes all debug
operations.

The default IOMux assignment for DEBUG_IF is IOBUSO. This assignment can b e changed through the
I0OM ux; however, FTDI recommends leaving the default assignment in place.

In the event that the debug interface is moved to a different 10 pin and the user program does not
properly initialize the debug interface, the VNC2 may appear t 0 be non -responsive. It is possible to
recover from this state; however the target circuit must provide a connection to IOMUXO. In addition to
IOBUSO, t he recovery process requires both PROG# and RESET#:

Drive PROG# and RESET#low 17 VNC2isinresetand ready for recovery

Drive RESET# high 1 VNC2 comes out of reset and activates IOBUSO as the DEBUG_IF signal
Proceed with flashing the VNC2 with a new user application on IOBUSO

Drive RESET#low 1 VNC2 isinreset

Drive PROG# high 1 VNC2isinresetandrea dy for normal operation

Drive RESET# high 1 VNC2 is out of reset and under normal operation

The DEBUG_IF signal is assigned through the program that was flashed instep 3

oukrwnhE

2.2.2 Debugger Interface Hardware

An FT232R USB -Serial chip and dual bufferis used to cre ate the half -duplex asynchronous serial signals
required by the DEBUG_IF signal. Commands are sent through the VNC2 Toolchain IDE through this
interface and decoded and executed through the debug engine on the VNC2.

VBUS veeo Q VSW
IRLMLG402

c2 c3 RS J53) <6 R1

4. 7uF = | £100k 360R
1000F rs lrs  lr3 lro 1000F
i 10k $470R $10k$10k D2

FB1 GND 1
2~ DI gR4 A ‘}guumwrc
ul 3 ' £k Vellow
. 600R/ASA LLS | 3ys0ur Yy o TXD iog‘i £ {vee ‘ o L T G]\DP‘“’ .

v [ > ; % 31 6 | o 5T |2 [CxRx. DEBUG_IF " Debug IF
D- L | usDM =E 2] i o~ . —12 [Key]
3 4| - === [ 32 5 [ | 3 GND
D USBDP RIS =] 2. 2 — 3 RESETS
D= s = 1 mEL 4 1R M PROG:

k) — < i

OND = Jer _Jes _fes 18 | meeET DC% 2 - GND = g vac

TonF [agE [470F SNTALVC2G241
20 TXRXLEDE 2.0mm Receptade
Mini B 271 | [2T R ESETE
0scI o PRotE
11 _PWRENE
5 IXEN
28 | osco o
z €10 VCCIO
26 Czzza R2
TEST = 10k
ol 232RQ CXD  100nF
[~ VCCIO decoupling cap
1 R place dose to U3 L 1 1
G GNDGND GND
c7  VeCIo
GND 100nF
3V30UT decoupling cap
place dose to Ul

Figure 2.4 VNC2 Debugger Module Schematic
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This circuit starts on the left with a standard USB mini -B connector. VBUS is filtered through the C1
(10nF) and FB1 (~6000hms @ 100MHz, 0.5A rating). C8 and C9 (47pF) provide filtering for the USB

signals. 3V30UT is

On the peripheral side of the FT232R, the UART
(RTS# to CTS# and DTR# to DSR#). TXD and RXD
single -wire DEBUG_IF signal  which operates at 1Mbps
Other logic -level buffers may be used in place of the
direction control is not critical with most logic families.

flow control signals

decoupled through C7, and provides the +3.3V DC power input to VCCIO.

are in aloop -back configuration
are connected to U3 to provide the half -duplex
TXEN controls the direction of the transceiver.
dual buffer shown for U3. Timing of t he TXEN
R7 provides protection in the event both the

VNC2 and debugger circuit are both transmitting at the same time.

PWREN# controls a P

operating system (this is

-channel FET. After the debug circuit is recognized by t

he PC USB host and

call ed Aenumerationo),

VCC pin of the debugger interface. VCC is at +5.0V DC; however, the data and control signals are

referenced to +3.3V DC.

PROG# and RE SET# are connected to the pins of the same name on the VNC2. These signals provide

means of controlling the VNC2 when flashing firmware and
eventitis reassigned  or disabled by the application.

ameans to recover the debug interface in the

The FT232R CBUS signals must be configured through the internal EEPROM:

a

: EEPROM Signal -
CBUS Pin _ Description
Setting Name
Flickers LED when data is being transmitted or
0 TX & RXLED# TXRXLED# )
received
1 I/O MODE RESET# Connects to VNC2 RESET#
2 I/O MODE PROG# Connects to VNC2 PROG#
Switches VCC power to the debug connector after
3 PWRON# PWREN# ]
enumeration
Controls direction of the half -duplex buffer
4 TXDEN TXEN
1= Transmit, 0 = Receive
N/A Power Type N/A ABus Poweredo i f conFfgirgg2.4ed
Max Bus 300mA i the FT232R will request 300mA from the PC
N/A N/A
Power USB host port.
N/A All Others N/A Default settings are acceptable

Table 2.2 FT232R EEPROM & CBUS Settings

The FTDI ET_Prog utility is used to perform

The debugger interface hardw

are is a critical portion of any embedded design.

the FT232R EEPROM programming.

Designers must ensure

that this circuit is free from noise sources such as electrical noise, EMI, high power switching, relays,

motor controls or RF noise in the designed system.

In addition, it is common practice to provide ESD

protection on all circuits that may be connected to the
A discussion of implementing isolation and protection between USB and serial interface is beyond the
scope of this application note.

6

Copyright © 2011 Future Technology Devices International Limited

PWREN# wi ||

fiflout


http://www.ftdichip.com/Support/Utilities.htm#FT_Prog

Application Note

7 FTDI AN_138 Vinculum -1l Debug Interface
y Version 2.0
\\\‘ C hl p Document Reference No.: FT000252 Clearance No.: FTDI# 147

2.2.3 V2 -EVAL Board Debugger Interface

TheV2-EVAL board -insonem feaelviel opment pl atf or W2-BVAlrboardpmvidegsN C 2 .

e Headersto connecta VNC2  daughterboard

Daughterboards are available for 32 -, 48 - and 64 -pin VNC2 device s

External power supply connector

USB type A sockets for each VNC2 USB port

Generous prototyping area

All'l/O pins made available on header pins and grouped by port name and function

User programmable LEDs and pushbutton switches

FTDI FT4232H to provide the  debug interface, UART connection, Synchronous Serial connection
(MPSSE) and fispyo port to monitor certain sign

Full details can be found through the V2-EVAL Datasheet .

The debug interface is made available through Port C of the FT4232H. No additional modules or circuitry
is necessary.

2.2.4 V2DIP and Vinco Debugger Interface S

Aside from the V2 -EVAL and customer -created circuitry, FTDI also sells a series of V2DIP modules. These
modules are on a Dual -Inline Packet (DIP), intended for direct insertion to a breadboard or PCB with

The

al functio

similar mounting options. Each module is provided with a debugger connector as shown in Figure 2.2 to

accept the VNC2 Debugger /Programmer Module.

Another popular development platform is the FTDI Vinco board. This ha s an Ar dlike forra Efactor

and can accept existing Arduino shields. As with the V2DIP modules, a debugger connector is included
for connection to a VNC2 Debugger /Programmer  Module.

Copyright © 2011 Future Technology Devices International Limited
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3 Programming the Target Device

3.1 Using the VNC2 IDE

This section descri  bes how to use the Debugger functions from the Debug menu of the IDE. It describes
loading, running and debugging code in the VNC2 device.

Once a user application is written and successfully compiled
extension. Itis this ROM file that is programmed into the flash memory of the VNC2. The debug section
of the IDE is used to perform the flash operation.

The . ROM file which can be AFlashedod to the targetFirsfhbevice fr
be sure a Debugger Interface is active. See section 4.1 to select the active debugger interface.
Next,from VNC2 | DE fADebugo menu, click on AFlasho icon.

- - -

% Vinculum I IDE

File Edit View Build Debug

& % r V2EVAL Board C-532303 "1 o

Flash Verify = stat Halt Stop Reset = P Fo— L

Jut Run To Cursor VNC2 64-pin package Options

%m Debug Step Debugger Interface Connect...

Figure 3.1 Vinculum -IIIDE - ROM Flash

If a project is loaded, the last build will be flashed into the VNC2. While a project is loaded and the
programmer wants to try a different ROM file, click on the small down arr ow at the bottom of the Flash
button.  This will bring up a standard Windows Open File dialog box to allow a different selection.

If a project is not currently open, the standard Windows file open dialog will appear allowing you to select
a ROM file. This is useful for the pre  -compiled ROM files available on the FTDI Website .

3.2 Using VinPrg Command Line | nterface

The following section describes how to program a target device using the command li ne utility Vin  Prg.exe

1. Run the Windows fi Co mmand P rttwoogh thé standard start menu location:

Start A All Programs A Accessories A Command Prompt

J Accessories
a Bluetooth File Transfer

J Calculator

E® Command Prompt

22 Connect to a Network Open

B Connect to a Projecto #  Run as administrator

| Getting Started Open file location

lﬁ Math Input Panel - i

fj Notepad & TortoiseSVN 3
&2l Paint W Scan with AVG

B2 Remote Desktop Coni Pin to Taskbar

15/ Run

Pin tn Start Menu

Figure 3.2 Command Line VinPrg 1 Getting Started

NOTE: Windows 7 users will need to right -click on the Command Prompt menu item
Admi ni st.rator o

Copyright © 2011 Future Technology Devices International Limited
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2. Run n Vi witR noggtions from the command line to list the available options and usage
guide:

BN Administrator: Command Prompt E

C:~ROM>UinPrg
UinPrg [options] [file ...1

—-d "name" Debugger interface description.

-o offset Offzet to start programming.

—1 length Optional maximum length of program.

-u offzet Display contents of Flash word address.
-m addr RAM memory read.

- Clear entire Flash before programming.
—x Omit checksum test before programming.
-1 Reset device after programming.

—a List all debugger devices.

-u Uerbhoze output of command lines.

-q Quieten output of command lines.
——weprsion Display tool version.

——help Display this help message.

C = ROM>_

L

3. Run dAViimBrgo | ist the available debugger interfaces:

Figure 3.3 Command Line  VinPrg - Show Available Options

B Select Administrator: Command Promp

C=“ROM>UinPrg —a
Available debugger interfaces:

FITIANTEYE (FTTQ298%C> UNC2 64-pin package

C:\ROM>_ K

Figure 3.4 Command Line VinPrg - List Available Debugger Interfac es

4. Now that the interface name is known, a ROM file can be programmed. Two parameters are
needed for VinProg, the file name and debugger interface name . Notice the quotes around the
debugger interface name . In this example, a pre -compiled ROM file, FT23 2Uart.ROM, was
downloaded from the FTDI website :

BN Administrator: Command Promp

C=“ROM>UinPrg —a
Available debugger interfaces:
U2EUAL Board G (FTTQ29@2C>» UNHC2Z 64-pin package

C:~ROM>UinPrg —-d "UZEUAL Board C" FI232Uart.ROM

Flasblng 185916 hytes

Figure 3.5 Command Line VinPrg - Flash a ROM File

5. At this point, VinPrg will erase any existing application and then program the new application
contained in the ROM file. Status is shown within the Command Prompt window as these steps
procced. When compl et e, AFl ash write done. o wild.l be displaye

=

Figure 3.6 Command Line VinPrg - Flash Write Done

Copyright © 2011 Future Technology Devices International Limited
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4 Software: VNC2 IDE Debug

The following sectio
in VNC2 IDE.

n provides step

4.1 Selecting Debug Interface

Features

-by - step instructions for using various debugging capabilities available

This section describes how to select the debugger from the VNC2 IDE Tools Options menu and explains
various debugger button options under the debugger ribbon tab. <selecting debugger, debugger toolbar>

Run VNC2 IDE (Vinculum Il IDE ) and ensure the debugger i

nterface hardware or VNC2 demo board is up

and running.
% Vinculum I11DE - .
@ File Edit View Build Debug
,& ,& h V2EVAL Board C-532803 - »
J
g - FTTQ2909C )
EL=n VE:IW Start  Halt  Stop Reset Step  Step Into  Step Out  Run To Cursor || YNC2 64-pin package R Options
Program Debug Step Debugger Interface Connect...
Figure 4.1 Vinculum -II IDE Debug Interface Selection
1. Cli ck o bebugiobe tiab from the top menu bar of VNC2 | DE.
2. Selectthe AOptionso button from the Thswilishaws AiDpodi onsupbpopbar .
window as shown below.
% Program Options - @1
+ Environment Options
4 Editor Options EmaaeginisiaceE VZEVALBoardc-532303[:< -
Print Options L
Debugger Options Description :
.. Customise Keybo
Serial Mo, : FTTQ2909C
Chip Package Type : YNC2 64-pin package
L
=l
|

Figure 4.2 Vinculum

-1l IDE - Debug Interface Optio

ndow

From the AOptionso pop up wi
1. Sel ect @fADebugg &amle@pideimenn s o
2 From the Debugger I nterface

Y2EUAL Bdacdv€rnnmne & uThesnameenayt  fi

vary depending on which debug interface type is in use.

3. Finally

That 6s it ; we

c IKioc Buant ofmO

havel sutced sas ffubdlyugger |

various debugger buttons available under debugger menu and their functionality.

10
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4.2 VNC2 IDE Debug Features

Alloft he GUI debugger options are avail a.bQlikingonthe Pebugtale A Debugo
will show all the sections in the ribbon men uEachsaectieniy : AProg
a

the menu has icons for carrying out a specific debug task.

% Vinculum II IDE

@ File Edit View Build Debug

& & b VZEVAL Board C-532803 - }1

i N —— FTTQ2909C '
— ‘Je'rlfv Start  Halt Stop Reset Step  Step Into  Step Out  Run To Cursor ||| VNC2 64-pin package Options
Program Debug Step Debugger Interface Connect...
Figure 4.3 Vinculum -II IDE Interactive debugging
1. Program: This section has two icons : AFl as ho a nAfter Budcessful Eoynpilation of

code, clicking on the Flash button  will initiate the programming of flash memory on target device
with the contents of ROM file, as shown in section  3.1. Clicking Verify will confirm the VNC2
memory contents against a ROM file.

2. Debug: Thissection consists of fowd, iTPasse dmamebtyo@icRihgamd A Re s

t he A St ainitiabe s the osequential execution of instructions at the target device as per the

contents of ROM file loaded in program memory or flash memory. Clicking the APauseodo w

in halt of comma ndexecuton. Cl i cking on fAStarto after APauseo wild.l r

program from where it was paused. Clicking Reset will reset the code to the first line for

execution. Cl i cking AStopo wildl result in ter mi nimewhenn of prog

AiStarto is clicked the program execution wil!/l begin from
3. Step: This section consists of four icons fiStepo, AStep I nt

Clicking on AStepo wildl resul t tionflomemgamunemory.n ofEvera si ngl e

time AStepd is clicked, the program counter gets increme

executed. AStep Intodo will result in stBfppepgOundowi hk Exntt

function call it was executing wit hout executing rest of the instructions in a function call. ARun to

Cursoro wild.l allow the user to place the cursor on a | in

all instructions until the cursor is reached. So basically step features are used todo aline by line

execution of the program  , ensure user must halt execution first (using A Paoredeny p

step.

11
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4.3 Breakpoints, Start/Stop, Watch and Step

Breakpoints are used to interrupt and halt execution of the program for debugging purposes. Clicking on
the line number in the gutter part of the source editor corresponding to the instruction will add a
breakpoint in VNC2 IDE, where the program execution will halt. Click on the line number again to
remove the breakpoint. Breakpoints can also be  set, activated and cleared through the breakpoint panel.
Multiple breakpoints maybe set, though amaximum of 3 can be active at one time.

ALz int y_ax i=:;

13 float._z_axis:

14

= &®15 x_axis = 1:
i6 v_axis = Z;
17 z_axis= D0.0f:
18
& 12 z_axis = (float] (++x_axis—---y_axis):
20
bt 21 if | x_axis > 0 ? ¥ _axis++ @ --y_axis):
22 z = (float) [(—-x_axis_axis+++y_axis_axis):
Figure 4.4 Vinculum -1l IDE Breakpoints

The watch list window lists the variables that are being evaluated during the debugging process. These
variables are updated after the program has paused execution. Right -click ing on the Watch window  will
give options  to add a watch variable |, edit its value, delete it, delete all watch variables or display their

value in Hex format

BE watchst X

wrakch | value |
Figure 4.5 Vinculum -II IDE Add Watch
Clicki MmddWatch dopti on will br iWat cuhpo-apvano@w,inavkich  one can specify
the watch variable name under Expression text box . Clickingon fAAdd Wat c Wwibadditu tottlen

Watch List. Th isway a new variable w ill be added in the Watch window.

Figure 4.6 Vinculum -II IDE Watch List

12
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