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ﬁ adafruit learning system
Overview

BLACK FTDI Friend by Adafruit
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Long gone are the days of parallel ports and serial ports. Now the USB port reigns supreme! But USB is hard, and you
just want to transfer your every-day serial data from a microcontroller to computer. What now? Enter the FTDI Friend!

The FTDI Friend is a tweaked out FTDI FT232RL chip adapter. Sure, like the well-known FTDI cable, it can provide
power to your project and there are 4 signal lines for sending data back and forth. But the Friend can do much morel!
For example, you can change the signal and power lines to be either 3.3V or 5V. Arduino-derivatives and XBees use
the RTS line for programming but what if you need that DTR line? Its there for you.

By default, we've set it up so that it matches our FTDI cables. The 6th pin is RTS (as of Arduino IDE v18 this will work

perfectly for uploading to 'inos), the power wire is +5V and the signal levels are 3.3V (they are 5V compliant, and
should work in the vast majority of 3.3V and 5V signal systems).
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Installing FTDI
Drivers

Step #1is to plug in your FTDI adapter and install the driver (in case it isnt on there already). If you have an FTDI cable
proper, there is already a USB A connector on the end. If you have an FTDI adapter, you'll need a standard mini-B
cable, pretty much everything uses these so steal your camera's or cell phone's data cable.

If you are using Windows or Mac OS, you may need to need to download the FTDI driver (https://adafru.it/alv) if you
haven't already installed it for another project. If you are using Linux, the driver is already built in to the operating
system (handy!)

Next up, plug it into your computer! If you are using Windows you may hear a sound from the computer and a little
popup bubble in the bottom right corner of the screen that says Found New Hardware FT232R USB UART.

i) Found New Hardware |*| I8
FT232R. USE LART

CLE ety U B

After a few seconds, the new hardware wizard will start. Select "No not this time" and click Next>
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http://www.ftdichip.com/Drivers/VCP.htm

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard
findoves will zearch for cunrent and updated software by

loaking on your computer, on the hardware installation CO, or on
the Wwindows Update Web site [with your permizzion).

Bead our privacy policy

Can windows connect to Windows Update to zearch for
zoftware?

() Yes, this time only

() 'es, now and every time | connect a device

@

Click Mest to continue,

MHeut » J[ Cancel

At the next screen, select Install from a list or specific location

Found New Hardware Wizard

Thiz wizard helpz pou inztall software for;

FT232R USE UART

\'\,l If your hardware came with an installation CD
~ai= or floppy dizk. insert it now.

wihat do pou want the wizard to da?

() Install the software automatically [Fecommended)
@ nstall fram a list or specific lacation [Advancedf

Click Mest to continue,

< Back ” MHeut » ][ Cancel

At the next screen make sure Include this location is selected and browse to the folder that contains the driver you
downloaded. Select the folder and click OK
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Browse For Folder

Pleaze choose your ze

Select the Folder that conkains drivers For wour hardware,

(%) Search for the best

ze the check boxe
paths and remowvabls

£} D Iy Documents ~
E3] } My Computer

| My Metwork Places

arduing

[]5earch remo
Include thiz lo

| C:\Documentd] D izae
I utils b

[z3]

(7 Don't search, | will ¢

Chooge thiz option &

B et et To view any subfalders, click a plus sign above,

[ Ok H Cancel l

[ < Back ” Mext > l[ Cancel ]

It should copy some files and then come up with this window. Click Finish

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the zoftware for:

g ISB Sernial Corveerter

The hardware you installed will nat wark, until you restart
yaur computer.

Click. Finizh to cloze the wizard.

Almost immediately, another window will pop up, this time it will say USB Serial Port. As before, click Install from a list
or specific location

© Adafruit Industries https://learn.adafruit.com/ftdi-friend Page 6 of 23



Found New Hardware Wizard

Thiz wizard helpz pou inztall software for;

USE Serial Port

\'\,l IF your hardware came with an installation CD
i or floppy disk. insert it now.

wihat do pou want the wizard to da?

() Install the software automatically [Fecommended)
(@ install fram a list or specific lacation [Advancedf

Click Mest to continue,

< Back ” MHeut » J[ Cancel

Browse to the same folder again...

Pleaze choose your ze

(%) Search for the best
ze the check boxe
paths and remowvabls

[]5earch remo
Include thiz lo

| C:\Documentd]

(7 Don't search, | will ¢

Chooge thiz option &
the driver you choos

Browse For Folder

Select the Folder that conkains drivers For wour hardware,

£} D Iy Documents ~
E3] } My Computer
# % My Metwork Places
) arduino
= D
[ amded
) iza6
1) utils

[z3]

To view any subfalders, click a plus sign above,

[ Ok H Cancel l

[ ¢ Back ” MNesxt » l[ Cancel

And it should complete successfully!
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Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finizhed installing the software for;

3 USE Serial Port
I/_)

The hardvsare vou ingtalled will not work unbil pou restart
Wour cornputer.

Click Finizh to cloze the wizard,

You may need to reboot the computer.

i) Found New Hardware

four new hardware is installed but might not work, properly
until you reboat,
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COM / Serial Port
Name

OK now we will verify that the driver installed properly.
Under Mac, in the Terminal window, type in Is /dev/cu.* which should give the following responses or so

060 Terminal — bash — B0x16
Last login: Sot Sep 16 18:45:14 on thwpl

5
Welcome to Darwin! L
adofruit:~ adof Lz Adew/ou.*
Jdev/ou . Babbitz_Phone-SerialPo-1

Adev/ou B luetooth-Madem
Adew/ou B lustooth-PDA-Svnc
adafruit i~ adof

adafruit:~ adaf

N

The name we are looking for is /dev/cu.usbserial-XXXX where the X's are going to be unique for each cable. Copy and
paste the name into a text file so you'll remember it for later.

For Linux/Unix type Is /dev/ttyUSB* into a terminal window, you should see a device file called something like ttyUSBO

|adyadatadyada-laptop =

File Edit Wiew Terminal Tabs Help
ladyada@ladyada-laptop:~% 1s /dewv/ttyUsSB*

J/dev/ttyUSB8)|

ladyada@ladyada-laptop:~§% [

[»]

If you are using Windows, go to the Device Manager (From the Start Menu, select Settings—=Control Panel. Double
click on System and select the Hardware tab. Then click on the Device Manager button)
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L Device Manager Z”E”z|

Eile  Ackion  iew Help
@562 3 =RaE

=-2 ENTHEOGEN

(;," comOcon - serial port emulators
] ) Cormpuker

|- age Disk drives

] § Display adapkers

|k DVDICD-ROM drives

|- {28 Hurman Interface Devices
[+-(=2) IDE ATAJATAPT controllers
[+-&a IEEE 1394 Bus host controllers
[+ Keyboards

[+ "y Mice and other pointing devices
[+ % Monitors

[+ E8 Metwork adapters

[+ % MYIDLA Mebwork Bus Enurmerator

5
*
*
*
*

[+ Dther devices

= Ports (COM & LFT)
(;lyi Communications Park (COM1)
- 5 Prinker Port (LPTL)
5 A

[+ ﬂ Processors

[+- & SBP2 IEEE 1394 Devices

=, Sound, videa and game contrallers
[+ g Storage volumes

[+ % System devices
[+ Universal Serial Bus controllers

Look for an entry under Ports (COM & LPT) that says USB Serial Port (COM) the COM number may vary but it should
be something like COM3 or COM4 the COM number may be as high as COM99 so just look for the USB serial port.
The COM stands for "communication", and each one has a unique number, known as the COM Port number. In this
case the COM Port number is COM3. If you don't see the COM port verify the cable is plugged in, and check that you
installed the VCP FTDI driver.

Then right click and select Properties
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UUSB Serial Port (COM5) Properties

| General| Pt Settings | Driver I Details |

Bits per second: BRI
Databits: |8 |
Parity: | None v|
Stap bits: |1 v
Flow control: |Nore |

[ Advanced... l [ Bestore Defaults J

ak. ] [ Cahicel

Click on the Port Settings tab, and click on Advanced...

Advanced Settings for, COM30

COM Pork Mumber: COM30 w oK

LUSE Transfer Sizes Cancel

Defaulks

Select lower settings to correct performance problems at low baud rates,

Select higher settings for Faster performance.

Receive (Bytes): 4096 w
Transmit (Eytes): 4096 w

EM Options Miscellansous Options

Select lower settings to correct response problems,

Serial Enumerakor

Serial Printer
Latency Timer (msec: 16 L

Cancel If Pawer OFF
Timeouks

Ewent Cn Surprise Removal

Mirirurn Read Timeout {msec): 0 v Set RT3 On Close:

Wlimirnu Wrike: Timeout (msec): Disable Madern Ctrl A Startup

[ R

Make sure Set RTS On Close used to be required for people using the Arduino IDE before like version 18 or so. Now
you dont need it so make sure its not selected!
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FTDI vs. AVR
Programmer

Whats the difference between an FTDI cable/adapter & AVR programmer?

FTDI Cable / Adapter AVR Programmer

There are two ways to program an AVR microcontroller. One is to reprogram the entire chip using an AVR
programmer. The other is to use a bootloader that is pre-programmed onto the chip that allows the chip to re-program
itself. An AVR programmer is more powerful: you can really mess with anything on the chip and the entire 32K of
memory is available. Using the bootloader is safer: there's no way to mess with the fuse settings (which could brick the
chip) but you only get 30K of memory since 2K is used by the bootloader. Not a big deal, but if you are working on a
big project which requires tons of flash space, you may need it
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For a lot more information about AVR programmers and bootloaders, | strongly recommend reading this short
article (https://adafru.it/al4)

Note that to program an AVR you need an AVR programmer (like a USBtinyISP (https://adafru.it/al4) ), but to upload
using the bootloader you need a computer-serial connection (such as an FTDI cable). Unfortunately, they are not the
same device! If you're not a microcontroller wiz, | suggest going with the bootloader (FTDI) method. Its as fast (or
faster), allows you to debug as well, and theres virtually no way to damage/brick the chip by messing with the fuses. If
you're familiar with microcontroller programming, and you have a programmer, then feel free to go that direction.

SO!

® AVR programmers are more powerful in that you can program any AVR, even blank ones from the factory. But
that also means you have a pretty good chance of 'bricking' the chip!

® FTDI adapters can send any serial data back and forth including updating AVRs with a bootloader on them. But
you need to get that bootloader on there first, which basically requires an AVR programmer.

If you use an AVR programmer to write to chip with a bootloader on it, you'll overwrite the bootloader so just be aware
of that!
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http://www.ladyada.net/learn/avr/programmers.html
http://www.ladyada.net/learn/avr/programmers.html

ﬁ- adafruit learning system
Programming Blank AVRs

So even though | said FTDI adapters are not for programming 'raw' AVRs, it turns out you can 'convince' the chip to do
it with a bit of manipulation. One way that is documented so far doesnt require soldering but it does require updating
the AVRDUDE software and installing a different driver (https://adafru.it/aVA) . (see also this post (https://adafru.it/aWU)
and this link for using an FTDI adapter instead of an Arduino (https://adafru.it/aWV))

If you have an FTDI friend or other breakout where you can get to the DTR line, | found a way to do it that requires
soldering a wire but no AVRDUDE/driver messing. The trade off is that it is really slow - good for maybe burning a
bootloader on, not good for day-to-day AVR development

Turn over the FTDI friend, and solder a dot of solder onto the DTR pin on the bottom left.

To 'é:|qe settings:
Cut default jumper
shorts, and resolder

(2 L
ETIRE

_ Hlj +3v
ogic> level

oTR. AW & [EF rs

PN pin 6 signal

' vi.0 |
FTDI Friend

from adafruit!

REAEEL

Solder a wire onto it, making sure you dont short it to the gold square just to the right. We'll use a white wire.
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http://www.geocities.jp/arduino_diecimila/bootloader/index_en.html
http://www.kerrywong.com/2010/04/02/on-atmega328-bootloading-with-ftdi-bitbang-method/
http://doswa.com/blog/2010/08/24/avrdude-5-10-with-ftdi-bitbang/

o change settings:
Cut default jumper
shorts, and resolder

+su @R SEN v,

UCC out

+50 (W 8

iSignal logiclevel

Plug in wires into the FTDI breakout, black is ground, blue is CTS, red is VCC, orange is TX and green is RTS.
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Now you have to make a text edit to your avrdude.conf.

If you've installed WinAVR (https://adafru.it/al2) or similar (say for Mac (https://adafru.it/al1) or

Linux (https://adafru.it/aWW) ), it'll be in something like C:\WinAVR\bin\avrdude.conf or C:\WinAVR\etc\avrdude.conf if
you aren't sure where it is, but you have avrdude installed, you can runavrdude -c xyzwhich will dump the programmer
list, if you look to the right, the name of the conf file will be printed

AWINDOWS\system 32\cmd.exe

C:~Documents and Settingssladyadaravrdude —c¢ xy=
avrdude: Can’t find programmer id “xyz="

Ualld ploglammelo are:
n2 = gserial port banging, reset=dtr sck=trts mosi=ttxd miso=tcts [C:“\Win
RUR ZBiﬁﬂiiﬂ\hln\aurdude conf:8761
daszal = gerial port banging, reset=tdtr sck=rts mosi=txd miso=cts [GC:~WinAl
R— 23133113\h1n\aurdude conf:8631
das = zserial port banging, reset=rts sck=dtr mosi=txd miso=cts [C:~WinAUR
—23183113\b1n\aurdude conf :85@1

siprog = Lancos SI-Prog <http:-swww.lancos.conssiprogsch.html’> [GC:~WinAUR-28

1@8118~binsavrdude .conf:8371
ponyser = design ponyprog serial,. reset=ttxd sck=rts mosi=dtr miso=cts [C:\Wi
nAUR— 23133113\h1n\aurdude conf :8241 i -
= Atmel at8%isp cable \WinAUR—2081686118%binsavrdude .con I

frank—stkZBA = Frank STKZ288 [C=WinAUR-28188118~bhin~avrdude .
conf = 7771

hlaster = Altera ByteBlaster [C:~WinAUR-ZB18@118~bhin~avrdude .conf
7641

ere—izp—avr = ERE ISP-AUR <http:/ wuwu.ere.co.thsdownload- zchB58713 . pdf> L[C: Wi
nHUR—2ElBBl1B\h1n\aurdude conf :7541

atisp = AT-ISP U1.1 programming cable for AVR-5DK1 from <http://micro-resea
Pch.co.th/) [C=WinAUR-281881 18 \bin~avrdude .conf : 7441

dapa = Direct AUR Parallel Access cable [C:\WinAUR-201A011@bin~avrdude .ol

A common reason for wanting to program an AVR is to put the Arduino bootloader on there, in which case, you may
not have WIinAVR installed. Luckily, avrdude is there, its just 'hidden' in the IDE package (for Mac users,you need to
actually "explore" the App) if you're running windows, go to the folder where you have the IDE installed and go into the
hardware\tools\avr\etc folder to open up avrdude.conf

OK! Now that you have avrdude.conf open, find the string ponyser, then add the following bold text right before hand
so the avrdude.conf looks like this:
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http://www.ladyada.net/learn/avr/setup-win.html
http://www.ladyada.net/learn/avr/setup-mac.html
http://www.ladyada.net/learn/avr/setup-unix.html

HOoFH K OH R K WK R R K OHHH KR KK

#
#

programmer

’

some ultra cheap programmers use bitbanging on the

PC - DB9 - Pins for RS232:

serialport.

GND 5 -- |0
DTR 4 <- :0
XD 3  <- :0
RXD 2 -> :0
pco 1 -> :0
Using RXD is

0]
I
0]
I
0]

I
0]

RI

CTS

RTS

DSR

currently not supported.

Using RI is not supported under Win32 but is supported under Posix.

serial ponyprog design (dasa2 in uisp)
reset=!txd sck=rts mosi=dtr miso=cts

id
desc
type
reset
sck
mosi
miso

"ftdifriend";

"design ftdi adatper,

serbb;

reset=dtr sck=tx mosi=rts miso=cts";

# serial ponyprog design (dasa2 in uisp)
# reset=!txd sck=rts mosi=dtr miso=cts

programmer

id
desc
type
reset
sck
mosi
miso

[oc I

"ponyser";

"design ponyprog serial, reset=!txd sck=rts mosi=dtr miso=cts";
"serbb";

~3;

’

Save the file.
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Programming the Arduino Bootloader

Don't forget, if you have two 'duinos, you can turn one into an ISP programmer, check out this tutorial which runs much
faster than the below. (https://adafru.it/aVl)

You can burn chips right from the Arduin IDE with one more edit, open up the programmers.txt file (its in
hardware\arduino in the IDE installation) and add the following text to the bottom.

ftdifriend.name=FTDI Friend bitbang
ftdifriend.communication=serial
ftdifriend.protocol=ftdifriend

Save programmers.txt

Arduino ™
X diecimila
.

rduino.cc
_ANALOG IN

Its time to wire it up!

Connect the Black (Ground) wire to the ground of your chip
Connect the Red (VCC) wire to the power/VCC/5V pin of your chip
Connect the White (DTR) wire to the Reset pin

Connect the Orange (TX) wire to SCK pin (Arduino pin 13)

Connect the Blue (CTS) wire to the MISO pin (Arduino pin 12)
Connect the Green (RTS) wire to MOSI pin (Arduino pin 11)

Start up the IDE and select the COM port of the FTDI friend
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http://arduino.cc/en/Tutorial/ArduinoISP

sketch_sepl5a | Arduino 0018
File Edit  Shketch BEEEN Help

Auko Format Chrl+T
Archive Sketch

Fix Encoding & Reload

Serial Manitor Ctrl+-Shift-+H

Board ]

Serial Port

Burn Bootloader v COM4E

Make sure you have the right Board selected, for whatever you want to burn. Then select Burn Bootloader=FTDI
Friend

sketch_sep15a | Arduino 0018
File Edit Sketch BGGHEN Help

Autao Format Chrl+T

Archive Sketch

Fix Encoding & Reload
Serial Monitar Chrl+shift+-M

Board »
Serial Port ]

Burn Boaotloader w/ AVR ISP
wf AVRISP mkIl
w JSBHnyISP
wf Parallel Programmer
w Arduino as ISP
w FTDI Friend bitbang

It will take a really really long time to program the chip, about two hours!

Its taking forever because its programming very inefficiently. It takes 4 bytes to program one byte of the AVR, and data
is sent as a single bit in two USB packet, each packet takes 3 milliseconds and an AVR has 32768 bytes = 262144 bits.
262144 bits * 2 packet/bit * 3 ms/packet * 4 bytes/byte = 6291456 ms = 6300 seconds = 104 minutes! If you used a real
AVR programmer, it would take maybe 15 seconds so thats why its nice to have one.

Do this before you go to bed or watch a movie! ThelL (pin 13) LED will be on 'solid" while its programming. When it goes
out you're done. Its very slow but if you're in a pinch, it may come in handy!

Using the Command Line AVRdude

Now if you open up a terminal and try runningavrdude -c ftdifriend If you are using the avrdude installation thats
inside the Arduino IDE, you can open up a cmd terminal and cd to the directory where you have the IDE installed and
then go to hardware\tools\avr. Then you can run bin\avrdude.exe -C etc\avrdude.conf -c ftdifriend so for example, my
installation is in C:\arduino-0018\ | cd to C:\arduino-0018\hardware\tools\avr.
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AWINDOWSA\system 32\cmd . exe

Gz

C:x>od arduino—8018s\hardvarestools ave
C:warduino-8018~hardwarestoolssavr>binvavrdude .exe —C etcvavrdude.conf —c frdify
iend

avrdude.exe: Mo AUR part has been specified, usze "-p Part™

Ualid parts are:
n6458

ATMEGAG458 [etcwavrdude .conf :117441]
n3258 ATMEGA3258 [etcwavrdude .conf 115551
m64% = ATMEGAG4S [etcsavrdude .conf :113661
n325% = ATMEGA325% [etchavrdude .conf:111771]
ushl1287 = AT?BUSB1287 [etchavrdude .conf D 18989 ]
ush1286 = AT?BUSB12B6 [etchNavrdude..conf 188881
AT98USB647 [etcsavrdude..conf 10611 ]
AT?8USB6 46 [etcsavrdude..conf 10421 1]
= AltinyB84 [etchavrdude .conf 182381
ATtiny44 [etchavrdude .conf 18856 1
ATtiny24 [etchavrdude .conf = 98741
ATMEGA2561 [etcsavrdude .conf : 26811
ATHMEGA256A [etchavidude .conf : 7488 1

m256 6

You should get a note that No AVR part has been specified (not that it Can't find programmer id "ftdifriend")
Great, now its time to program!

Connect the Black (Ground) wire to the ground of your chip

Connect the Red (VCC) wire to the power/VCC/5V pin of your chip

Connect the White (DTR) wire to the Reset pin

Connect the Orange (TX) wire to SCK pin

Connect the Green (RTS) wire to MOSI pin

Connect the Blue (CTS) wire to the MISO pin We suggest verifying the wiring! We'll verify the connection by
running avrdude -c ftdifriend -P \\\COMxx -p atmega328p Replace the \.\COMxx with the COM port you found
in the earlier part of this tutorial via the Device Manager. If you're using linux or mac, the COM port should be
/dev/cu.usbserialXXX or /dev/ttyUSBx to match the name. For the device, we're testing with an Atmega328p
chip which is found in the latest Arduinos. If you're using some other chip, substitute the name right after the -p

If you are using the avrdude in the Arduino IDE, you'll need to use bin\avrdude -C etc\avrdude.conf -c ftdifriend -P
\\.\COMxx -p atmega328p etc.

AWINDOWS\system 32\cmd. exe

G:varduino—8818-hardwarestoolssavr>binsavrdude..exe —C etchavrdude .conf —c frdifr
iend —-P ~~.NCOM46 —p atmegadZ8p

avrdude.exe: AVUR device initialized and ready to accept instructions
Reading | #HHHEHHEHE R EEEHEHEHHEHEHEEHEHE A | 1082 0.28s
avrdude.exe: Device signature = Bx1e?5L8f

avrdude.exe: safemode: Fuses 0K

avrdude .exe done. Thank you.

C:xarduino—AA1 8~ hardwarestoolshavr>

Once you have the hashbar show up nicely, that means you are talking to the chip all right. Yay! You can now program
the chip using the -U flash:w: command.

Press the up arrow to get back the command you wrote and tack onto the end a -U flash:w:firmware.hex (where
firmware.hex is the hex file you want to burn in) For example, if you want to burn a bootloader on, make it easy on

yourself by copying the file from use:

bin\avrdude.exe -C etc\avrdude.conf -c ftdifriend -P \\.\COM46 -p atmega328p -U
flash:w:..\..\arduino\bootloaders\atmega\ATmegaBOOT_168_atmega328.hex

(you can also copy your file to C:\ so its not so long to type. Hit return and grab a beer, it'll take about 5 minutes per
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byte of data you want to write&verify)

AWINDOWS\system32\cmd.exe - binavrdude.exe -C etclavrdude.conf -c ftdifri

G:varduino—8818-hardwarestoolssavr>binsavrdude.exe —C etchavrdude.conf —c Ftdifr
iend —-P ~S.N00M46 —p atmegad28p —U flashiw:. .. .SarduinoshbootloaderssatmegasATne
gaBOOT_168_atmegad28.hex

avrdude.exe: AUR device initialized and ready to accept instructions
Reading | #EEHEEE R BRI HHEHEE R R R RS | 100> 0.28s

avrdude.exe: Device signature = Bx1e?58fF
avrdude .exe: NOTE: FLASH memory has been specified. an erase cycle will bhe perfo
rme d

To disable thiz feature,. specify the —D option.
avrdude .exe: erasing chip
avrdude .exe: reading input file ... .“arduino“bootloaders-atmegasATmegaBOOT_168
_atmegal28  hex"
avrdude .exe: input file ..»..“aprduino“bootloadersratmega ATmegaBOOT_168_atmegall
#.hex auto detected as Intel Hex
avrdude .exe: writing flash (32678 bytesd:

Writing | BEHEHHUHEEHTEEEEEERS EEEEHE R B RHE R B RH RSN | 188 3164.53s

avrdude..exe: 32670 hytes of flaszh uwritten

avrdude..exe: verifying flash memory against ..\..sarduinosbootloadersatmega“ATm|
eqaBOOT_168_atmegad2B . hex:

avrdude.exe: load data flash data from input file ..“..sarduino“bootloaders“atme
ga“ATmegaB00T_168_atmegad28.hex:

avrdude.exe: dinput file ..%..NarduinosbootloaderssatmegasAImegaBOOT_168_atmegal2
8 .hex auto detected as Intel Hex

avrdude.exe: dinput file ..%..NarduinosbootloaderssatmegasAImegaBOOT_168_atmegal2
% .hex contains 32678 hytes

avrdude.exe: reading on—chip flash data:

Reading | Hid#EsHHHHE | 22« Y81.37s ﬂ
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® You can get the schematic and layout files over at GitHub (https://adafru.it/aWX), they're licensed CC
attrib/sharealike
® Fritzing object in the Adafruit Fritzing Library (https://adafru.it/aP3)
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