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Abstrakt

Cilem bakalarské prace je navrhnout a vytvoiit pocitatovy program, ktery bude
vyhodnocovat a zpracovavat nameéfena data z méfici desky. Mefici deska snima
a zaznamenava do pamé&ti hodnoty rychlosti a ota¢ek mechanického zafizeni.

Vuvodu prace je seznameni se soudasnymi zplsoby pofizeni informaci
o otaCkach a rychlosti, které se pouzivaji v osobnich automobilech. Nasleduje popis
rozhrani USB pro pfipojeni mé&fici desky, popis obvodu FT232RL, ktery je pouzit jako
pfevodnik USB na RS232. MozZnost pouZiti a zplisob zapojeni tohoto obvodu je
popsano v datasheetu. Je zde rozebrano a nastinéno jakym zpisobem obvod FT232RL
komunikuje s pocitatem. Popsany jsou také ovladace zafizeni od firmy FTDI, které
zpfistupni zafizeni v systému Windows a to jak ovladace VCP, které se chovaji jako
virtualni sériovy port a vyuzivaji funkce Windows APL, tak ovladace D2XX pro pfimy
piistup na port USB. Ddle je popsana realizace aplikace Vyhodnoceni dat z tachometru.
Popis zadina rozborem zakladnich pozadavki aplikace a pokraduje popisem pracovniho
prostiedi. Aplikaéni prostfedi je popsano po jednotlivych blocich programu. Nejprve
hlavni okno programu. To slu¢uje okno Stahovani dat a okno Rekonstrukcei jizdy, coz
jsou okna, ktera se nejvic pouzivaji. Potom jsou popsana dialogova okna pro
zobrazovani aktualnich hodnot. Je to okno Tachometr, které se snazi napodobit palubni
desku automobilu a okno Statistika, které pocita a zobrazuje statistiky prubéhu jizdy,
napf. ujetd draha, max. rychlost apod. Ovladani programu je shmuto v kratkém navodu
k pouziti, ve kterém je popsan vyznam jednotlivych ovladacich prvka. V zavéru
bakalaiské prace jsou shrnuty poznatky z pouzivani programu, mozZné rozsifeni

a dosazené vysledky.

Kli¢ova slova: Delphi, program, zpracovani dat, USB, FTDL



Abstract

The aim of thesis is to design and create a computer program that will evaluate
and process the data from a device which is used for measuring and recording engine
rpm and vehicle velocity.

At the begin of the work is familiar with current methods of acquisition
of information about engine rpm and vehicle velocity, which are used in passenger cars.
Here is a description of the USB interface for connecting the measuring plate,
a description of the circuit FT232RL, which is used as a USB to RS232 converter.
Possibilites to use and method of engagement, which are described in the datasheet
of the circuit. It discusses and outlines how FT232RL circuit communicates with the
computer. Are also described device drivers from FTDI, which devices make visible
in Windows and they are VCP drivers, which are treated as a virtual senal port and uses
the Windows API function or drivers D2XX for direct access to the USB port.
Description starts with analysis of the essential requirements and continue description
of the working environment. This is described in individual program blocks. First, the
main window of the program. This merges the data download window and the window
for the reconstruction of the journey, which are windows that are most used. Then are
described dialog boxes to which display the current values. It 1s a window tachometer,
which seek to simulate a car dashboard and Statistics window, which counts
and displays the statistics the journey, such total distance, max speed, etc.. Control
Program i1s summarized in a short instruction manual, in which is briefly described
the importance of individual controls.The thesis conclusion summarizes the lessons

drawn from the use program, and the possible extension and the results.

Keywords: Delphi, program, data processing, USB, FTDL
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Seznam zkratek

UART -Universal Assynchronous Receiver Transmitter

USB — Universal serial bus

RS232 — sériovy port

/O porty — vstupn¢ vystupni porty

API - Application programming interface — funkce pro programovani pod OS windows
Pamét RAM — Random Access memory

MCU - microcontroller unit — mikropocitac

Seznam symbolii
b — bit — jednotka informace

B - byte — jednotka informace 1B = 8b



Uvod

Bakalafska prace se zabyva zpracovanim dat o otakach a rychlosti naméfenych
na vozidle pomoci méfici desky a jejim cilem je zkonstruovat poéitaovy program,
ktery zpracovani a vyhodnocovani bude vykonavat. Data se méfi pomoci méfici desky,
ktera je uklada do paméti po stejnomérném cCasovém useku. V paméti se uchovava
kompletni zaznam celé jizdy a je v ni uloZena vzdy pro kazdy mefici krok, hodnota
otacek, hodnota rychlosti. Piivodné bylo politano s vyuZitim vice méfeni, coZz bylo
nakonec pro pozadavky uZivatele zménéno na méfeni jedno. Méfeni ma uloZeno sviij
start a konec, program si pievezme cely obsah paméti z méfici desky a roztfidi si data
dokud nenarazi na konec méfeni. Dalsi moznosti je méfeni v realném ase, kdy jakmile
jsou hodnoty zméfeny, odesilaji se ke zpracovani do programu Deska je spojena
s po€itatem pomoci pievodniku RS232 na USB s FT232RL od firmy FTDI chip.

Vyhodnocovaci program se spoji s deskou pres ovlada¢ USB portu dodavany
s pfevodnikem, vyzada si od desky pocet méfeni, stahne si uzivatelem pozadované
meéfeni a ulozi si ho do pole. Pro méfeni v redlném ¢ase se hodnoty ukladaji do pole
postupné podle toho, jak je program obdrzi. Potom je mozné naméfend data exportovat
do formatu txt, csv nebo tisknout. Dale je mozné zrekonstruovat pribéh jizdy, kdy
se zobrazi v grafu priibéh otacek, rychlosti nebo obojiho najednou. Prabéh rekonstrukce
se da zpomalit 1 zrychlit podle potieby. Dale se pribéh da zobrazit i na virtualni palubni
desce. Jsou k dispozici 1 statistiky, kde je mozno vidét pribéznou spotfebu, maximalni
otacky a maximalni rychlost a nakonec po skonceni jizdy 1 celkovou spotiebu a ujetou

drahu. Graf je samozfejmé mozné ulozit do obrazku nebo ho vytisknout.



1. Teoreticky rozbor

1.1 Prehled o soucasném stavu problematiky

V dnesni dobé je centrem automobilu fidici jednotka, do které se dostavaji
a vyhodnocuji signaly ze v8ech ¢idel, které snimaji riizné druhy veli¢in a mezi nimi jsou
1 ¢idla pro snimani otacek a rychlosti. Tyto veli¢iny se daji snimat riznymi zpusoby,
ale v posledni dobé vétsina vyrobel pouziva pro snimani a vyhodnocovani podobné
metody a postupy. Otacky jsou snimany dvéma &idly a to indukénim &idlem a Hallovou
sondou.

Induktivni snimace se skladaji dle [7] ze tfi hlavnich soucasti a to z nehybné
civky, ¢asti magneticky mékkého Zeleza a trvale magnetické ¢asti. Zmeéna magnetického
toku je zplisobovana otaCenim ozubeného kola. V civce se indukuje zménou
magnetického toku stfidavé sinusové napéti, to je priblizn€¢ umérné zméné
magnetického toku @ Velikost signalu je piimo uméma otatkam ozubeného kola.
Na vystupu se napéti tvaruje Schmittovym obvodem na pravouhly priib&h. Amplituda
signalu zavisi vyrazné na vzduchové mezefe a velikosti zubl. Pii zvétSeni otalek
motoru roste amplituda 1 frekvence signalu. Vyhodou t&chto snimaci jsou nizké vyrobni
naklady, odolnost proti ruseni a velky teplotni rozsah.

Halliv snima¢ patii mezi magnetostatické snimace, které méfi stejnosmémé
magnetické pole. Oproti induktivnim snima¢iim se da lépe pouzit pro miniaturizaci
a je levn&j§i. Halliv snima¢ vyuZiva Hallova jevu. Vyhodnocuje se pomoci tenkych
desticek, kterymi protéka elektricky proud a zaroven prochazi magnetické pole.
Jsou-li proud a magneticka indukce na sebe kolmé, 1ze pfi¢né ke sméru proudu naméfit
Hallovo napéti Uy, ameémé velikosti magnetického pole. Pii¢inou je pusobeni
magnetického pole na elektrony jako nosi¢e naboje.

Diferencialni Hallovy snimace jsou dva kompletni Hallovy systémy umisténé
v definované vzdalenosti na jednom Cipu a vyhodnocuje se rozdil Hallovych napéti.
Tyto snimaCe se vétdinou pouzivaji k méfeni ota¢ek. Rotorem je ozubené kolo
z kovového materialu. Piiblizeni a oddaleni jednotlivych zubl zplsobuje zmény
magnetického pole v blizkosti permanentniho magnetu. Oproti induktivnim snima&im
maji tyto snimace vyhodu v tom, Ze jejich vystupni napéti neni zavislé na rychlosti a da
se tak snadno elektronicky zpracovat.

V automobilu se dnes pouzivaji pro méfeni otdfek dvé Cidla. Prvni je umisténo

u setrvaéniku se zuby a je to induktivni snimal Mé&fi otacky, ale 1 horni Gvrat
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a vyhodnocuje se z n& rovnomérnost chodu motoru. Druhé &idlo, induktivni snimac
nebo Hallova sonda je umisténo u vatky ventild. V jednotce se vyhodnocuji spole¢né
a fidi se podle nich spalovani motoru.

Rychlost se méfi také induktivnim snimacem, ten je ale umistén v prevodovee,
kvili moznosti fazeni riznych pievodovych stupiid.

Naméiené signaly se dale posilaji do fidici jednotky automobilu, ktera je
vyhodnoti a posle signal pro zobrazeni na palubni desce. Ridici jednotka si bohuzel
neuchovava zaznamy prab&hu celych jizd, a tak se da zjistit jen pocet ujetych kilometr,

maximalni otaCky a rychlost.
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1.2 Periferie komunikace s mérici deskou

1.2.1 Obecny popis USB

USB se stalo v posledni dobé neoddélitelnou soucasti viech zafizeni, které
se ptipojuji k pocitaci a tim jiz skoro vytlacCilo sériovy port z jeho zakladni vybavy.
Postupné se k USB musi piechazet, protoze dnes uz ubyva pocitai se sériovym
portem, napiiklad u notebooku se dnes da se sériovym portem setkat jen vyjimeéné.
Mezi zakladni parametry USB patii komunikaéni vzdalenost do 5 m, pfenosova rychlost
1,5 Mbit/s az 480 Mbit/s, lze piipojit az 127 zafizeni na jeden konektor, obsahuje 5V
napajen.

Podle [8] je USB sbérnice jen s jednim zafizenim typu Master, tj. viechny
aktivity vychazeji z PC. Data se vysilaji v kratkych paketech o 8 B nebo v delSich
paketech o délce az 256 B. Piijimaji se tak, ze PC miZe pozadovat data od zafizeni,
naopak zadné =zafizeni nemize wvysilat data samo od sebe Veskery pienos dat
se uskute¢iiyje v tzv. ramcich (frame) které trvaji pfesné 1 milisekundu. Uvniti jednoho
ramce mohou byt postupné zpracovavany pakety pro nékolik zafizeni. Pritom se mohou
spolu vyskytovat pomalé (low-speed) 1 rychlé (full-speed) pakety. Obraci-li se PC
na vice zafizeni, zajituje jejich rozdéleni jako rozdéloval sbérnice (hub). Zabranuje
také, aby signaly s plnou rychlosti (full-speed) byly vedeny na pomala zafizeni.

Pomala zafizeni pracuji s pfenosovou rychlosti 1,5 Mb/s. Rychlé pfenosy
pracuji s rychlosti 12 Mb/s. Casovy prib&h pienosu informace je predepisovan
vyhradné masterem. Zafizeni typu slave se musi synchronizovat s datovym tokem.
Pouzivé se k tomu metoda NRZI (Non Return To Zero). Nuly v datech vedou ke zméné
urovné, jednicky nechavaji uroveii beze zmény. Kédovani a dekodovani signali je Cisté
hardwarovou zalezitosti. Piijima¢ musi byt schopen ziskat signal, piiyjmout a dekédovat
data. Specialni prostfedky =zajistuji, aby nedochazelo ke ztrat€ synchronizace.
Obsahuje-li plivodni datovy tok Sest po sobé& jdoucich jednitek, piida vysila
automaticky jednu nulu (vkladani biti — bit-stuffing), aby se tim vynutila zména urovné.
Pfijimac tuto nulu z datového toku opét odstrani.

Kazdy datovy paket ma za ulelem synchronizace specidlni zavadéci bajt
{00000001b). Piijimaé v disledku kédovani NRZI a vsouvani bitd vidi osm stiidajicich
se bitovych stavil, na které se miize zasynchronizovat. B€hem nasledwiciho pienosu
musi synchronizace zistat zachovana. VSechny tyto procesy se odehravaji pouze

v odpovidajicich hardwarovych soucastkach. Piyjimac a vysila€ jsou realizovany vzdy
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spole¢né v jedné soulastce. Zafizeni USB obsahuje jednotku zvanou SIE Serial
Interface Engine, ktera piebira vlastni praci. K vyméné dat mezi SIE a zbytkem zafizeni
slouzi buffery FIFO. FIFO (First In First Out) jsou paméti, kter¢é mohou postupné
piijimat a vydavat data podobné jako posuvné registry. Piipojeny mikrofadié pouze
potiebuje jen piedist data z FIFO a jina data do FIFO zapsat. VSechno ostatni vyfidi
SIE. Ve vétsiné piipadu je SIE soucasti mikrofadiée USB.

Zatizeni USB mé obecné nékolik paméti FIFO, jejichz prostiednictvim je
mozZno pienaset data. Napfiklad mys, ktera je pfipojena pies USB ma vzdy koncovou
endpoint 0 a endpoint 1. Endpoint 0 se pouziva pfi inicializaci. Vlastni uZitkova data se
z mikrofadi¢e v urcitych Casovych odstupech zapisuji do endpointu 1 a odtud si je
vybira PC. USB software tvoli tzv. trubice (pipes) k jednotlivym endpointiim
(koncovym adresam). Jedna pipe je logicky kanal k jednomu endpointu v jednom
zafizeni. Pipe si muUzeme pfedstavit jako datovy kandl tvofeny jedinym vodiem.
Ve skuteénosti viak jsou data v pipe pienasena jako datové pakety v milisekundovych
ramcich a hardwarem rozdélovana na realné paméti podle jejich koncové (endpoint)
adresy. Jedno zafizeni miiZe soucasné pouzivat n€kolik trubic (pipes), takZe pienosova

rychlost celkové vzroste.
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1.2.2 FT232RL popis obvodu

Pro pfipojeni méfici desky mohlo byt pouzito klasické pfipojeni pres sériovy
port, ale bylo pouzito rozhrani USB, protoze je linka RS232 na dnesnich PC
1 noteboocich nahrazovana linkou USB. Pro tento ukol byl pouzit obvod FT232RL od
firmy FTDI Chip (www.l'TDIChip.com). Obvod FT232RL je podle datasheetu [3]

prevodnik USB na obecny protokol UART. Podporuje plné hardwarové fizeni toku dat
a také fizeni pomoci X-ON/X-OFF. MiZeme nastavovat parametry pienosu jako 7 nebo
8 datovych bitd, stop bity 1 nebo 2 a pét druht parity (odd / even / mark / space / no
parity), a také nastavovat pienosové rychlosti od 300 Baud do 1 MegaBaud u RS232.
Obvod nejen umi pfevadét protokoly, ale obsahuje i dal§i uziteCné nastroje jako
napiiklad pfimé pfipojeni led diod pro signalizaci vysilani nebo piijmu a hodinovy
generator, ktery muze slouzit jako zdroj hodinového signalu pro dalsi obvody.
Nespornou vyhodou prevodniku FT232RL je fakt, ze cely USB protokol je vyfeSen
uvnitf Cipu a je zaruCena plna kompatibilita se vSemi verzemi USB v¢etné USB 2.0 full
speed.

V téchto obvodech je jiz integrovana vétSina prvkd potfebnych pro piipojeni
ke sbérnici USB jako napiiklad zakonCovaci rezistory, krystalovy oscilator nebo filtr
napdjeciho napéti vcetné resetovaciho obvodu pii pfipojeni napajeciho napéti, ¢imz je
potieba externich souCastek minimalni. Obvody FT232RL maji vsobé také
integrovanou pamét EEPROM, ktera muze byt pouzita pro ulozeni sériového Cisla,
popisu zafizeni, nastaveni USB VID,PID a nastaveni programovatelnych pint. Pamét
EEPROM se da preprogramovat 1 v aplikaci pfes USB. Obvod se da vyuzit s pouzitim
konvertoru urovni jako pfevodnik na RS232 nebo na RS485, ale kdyZz se pfipoji
na klasicky UART procesoru neni konvertor potieba, protoze obvod FT232RL dokaze
na zakladé svého vlastniho napajeni vystupnich obvodi dodavat rozdilné logické Girovné
(5V, 3,3V, 2,8V, 1,8V), takze muze byt pouzit v kombinaci s procesory napajenymi
ze zdroje 5Vi33 V.

V katalogovém listu [1] obvodu FT232RL je nékolik moznosti zapojeni s timto
obvodem. Pro tcel aplikace jako prevodniku bylo vybrano zapojeni urCené pro pripojeni
k UART modulu procesoru, proto neni potfeba konvertor urovni. Napajeni vystupnich
obvodu je v zapojeni viz. [2] a je nastaveno na 5 V. Pievodnik je napajen pfimo z portu

USB pocitace. Pro ucel aplikace nejsou potieba zadné programovatelné piny ani
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nastaveni pro hardwarové fizeni toku. Jediné zapojené linky k procesoru jsou TXD,
ktera je zapojena na RXD procesoru a RXD, ktera je propojena s TXD procesoru.

V obvodu FT232RL, jak je vyse napsano, je mnoho vlastnosti, které se musi
programové nastavit. Jelikoz je obvod uréen k piipojeni na USB, da se také pies port
USB naprogramovat. K programovani slouzi program MPROG, ktery je k obvodu
dodavan pfimo od vyrobce a je mozné si ho stahnout z vySe uvedenych stranek vyrobce.
V programu MPROG lze pies sbérnici USB naprogramovat vsechny obvody od firmy
FTDI Chip. Musi se v ném nastavit zakladni parametry, jako je pouzité¢ napajeni, typ
obvodu nebo verzi sbérnice USB a miiZe se nastavit je§t¢ mnoho dalSich volitelnych

nastaveni. Potom uz stadi jen nastaveni potvrdit a obvod je pfipraven k pouziti.

1.2.3 Knihovna FTD2XX.dIl - popis

Pro komunikaci se zafizenim pomoci FT232RL muzeme pouzit ovlada¢e VCP
(Virtual Com Port) nebo pouzit ovlada¢ D2xx. VCP je ovlada¢, ktery vytvoii virtualni
sériovy port a lze tak ovladat zafizeni stejné, jako kdyby bylo pfipojeno na obycejny
fyzicky sériovy port. Zatimco D2xx je pfimy ovlada¢ pro Windows a umozfiuje
programu komunikovat s FT232RL pomoci knihovny funkci, kterd se jmenuje
FTD2XX.dll. Obsahuje také WDM ovlada¢ FTD2XX.SYS, pomoci néhoz komunikuje
piimo s USB bufferem Windows. Komunikace probiha tim zpisobem, ze program
vytvofeny v nékterém z vysSich programovacich jazyka (Delphi, C++....)), vtomto
piipadé Delphi, pfes aplika¢ni rozhrani, komunikuje pomoci knihovny FTD2XX.dll
s WDM ovladacem FTD2XX sys, to je rozhrani ovladace, ten piedava data do USB

bufferu, Windows USB rozhrani a zajistuje komunikaci se zafizenim viz. Obr. 1.1.

Port USB
o
|
Program FIDZXX.dll FID2XXeye LoD buffar I FIDI
|
| — b - N
|

Obr. 1.1: Struktura ovladaée FTDI

15



Funkce ovladace D2xx jsou rozdéleny do ¢tyf skupin:

1) Zakladni klasické funkce, to jsou nejzakladnéjsi funkce pro snadny pfistup
na port USB.

2) Rozhrani EEPROM, které umoziiuje zapisovat a ¢ist konfiguraéni EEPROM,
popiipadé vyuzit misto k ulozeni specifickych udaju pro nasi aplikaci.

3) Funkce pro Bit Bang rezim, to je rezim, ve kterém sériovy port funguje jako
8 samostatnych linek.

4) FT Win32 API, to jsou funkce odpovidajici Windows API pro praci se

sériovym portem.

Klasické funkce a funkce FT Win32 API jsou pln¢ kompatibilni a lze pouzit oba
zpusoby, vyhodou API funkci je, Ze se daji snadno pouZit pro jiz odladény program pro
sériovy port. Musime si vSak vybrat jen jeden, protoze neni doporuceno tyto dvé
skupiny vzajemné michat.

Kazdé zafizeni ma sviy handle, coz je Cislo Dword, které identifikuje dané
zafizeni a pomoci né se lze na zafizeni pfipojit a volat ho, k tomu nam slouzi klasické
funkce této knihovny. Pro piipojeni slouzi funkce FT open nebo FT OpenEx, pro Cteni
a zapis dat pak FT read a FT write. Zafizeni se odpoji pomoci FT close. K dispozici
jsou 1 daldi funkce kovladani jako napfiklad FT SetTimeouts, ktera nastavi
komunikac¢ni timeouty, FT GetQueveStatus zjisti stav pfijimaci fronty a da k dispozici
pocet piijatych B. Dalsi je funkce zjistujici stav zafizeni FT_GetSatus pro zjiténi stavu
zafizeni a nebo FT_ResetDevice pro resetovani USB zafizeni.

Je k dispozici také funkce pro praci s vstupnim a vystupnim bufferem FT Purge, ktera
dovede vyprazdmt jeden z bufferd, podle zadaného parametru. Dalsimi dulezitymi
funkcemi jsou funkce pro nastaveni parametri pienosu. Jednou z nejdilezitéjsich je
penosova rychlost, kterou nastavime pomoci FT SetBaudRate. Miizeme si vybrat
ze standardnich pfenosovych rychlosti, které jsou definovany jako konstanty,
napi. FT Baud 19200 Funkce s parametrem FT Baud 19200 nastavi pfenosovou
rychlost na 19200 Baud. Pro nestandardni rychlosti slouzi FT_SetDivisor. K nastaveni
parametrii pfenasenych dat pouzijeme FT_SetDataCharacteristics, pomoci niz
se nastavuje pocet datovych bitli, pocet stop bitll a parita. Miizeme nastavit 1 fizeni toku
dat pomoci funkce FT_FlowControl, ve které¢ mizeme vyuzit RTS,CTS nebo X-ON,
X-OFF a DTR, DSR popiipadé fizeni toku Uplné vypnout. Dal§im uziteCnym je
samostatné nastavovani DTR a DSR, ty se nastavi pomoci FT SetDTR, FT CIrDTR
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a analogicky 1 pro DSR. Za zminku stoji 1 FT GetModemStatus, pro zjisténi stavu

modemu. Z vysledku 1ze pomoci logického soucinu zjistit stav viech linek.

Definice nékolika dillezitych funkci:
Definice funkci jsou soudasti unity D2XXunit.pas, ktera vyuziva knihovnu D2XX.dll

a je k dispozici na strankach vyrobce nebo je dostupna na piilozeném CD.

Vsechny funkce vraci uspésnost svého provedeni hodnotou FT_Result. Kdyz se funkce
bez problému provede, vrati hodnotu FT_OK, coz je definovana konstanta typu integer,
ktera ma hodnotu 0. V opa¢ném piipad¢€ vrati jinou hodnotu a ta je posuzovana s vyétem
moznych chyb viz [3].

function FT GetNumDevices(pvArgl :Pointer; pvArg2:Pointer; dwFlags:Dword).FT Result;
stdcall; External FT DLL Name name 'FT _ListDevices' ;

Po vykonani funkce se nam wvrati pocet zafizeni, které jsou pfipojeny na port USB.
FT GetNumDevices je zakladni funkce a bez jejiho kladného vysledku se k zafizeni
nepiipojime. Parametr dwklags:Word muze nabyvat riznych hodnot a tim uréuje

format vysledné informace, mozné hodnoty viz. [3] nebo [5].

Function FT Open(Index.Integer, fiHandle :Pointer):FT Result; stdcall, External

FT DLL Name name 'FT Open’;

Junction FT OpenEx(pvArgl.Pointer; awFlags:Dword, ftHandle:Pointer):FT Result; stdcall,
External FT DLL Name vame 'FT OpenEx',

Funkce slouzi pro otevieni pfistupu k zafizeni, s tim Ze se nam vrati handle zafizeni
pomoci n€hoz ho miZeme ovladat Rozdil mezi témito funkcemi je takovy,

ze FT Open, neumi otevfit zafizeni podle yména, naopak FT OpenEx se proto hodi

k otevieni konkrétniho zafizeni.

function FT Close(ftHandle: Dword): FT Result; stdeall, Fxternal FT DLL Name wname
'FT Close’;

Slouzi k uzavieni zafizeni pomoci jeho handle.
Junction FT Read(fiHandle: Dword; FTInBuf: Pointer, BufferSize:Longlnt;

ResultPtr:Pointer):FT Result; stdeall; External FT DLL Name name 'FT Read'";

Umozije &ist data z piijimaciho bufferu daného zafizeni. Ceka na pocet piijatych
bajth, ktery uréime parametrem BytestoRead nebo ¢eka na vyprseni teciho timeoutu,

nastaven¢ho pomoci SetTimeouts.
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Junction FT _Write(fiHandle. Dword; FTOutBuf Pointer; BufferSize: Longlnt;
ResultPtr:Pointer): FT Result; stdeall. External FT_DLL Name name 'FT Write';

Umoziue posilat data do vysilacitho bufferru zafizeni. Odesila pocet bajti zadanych
do parametru BytestoWrite nebo ¢eka na vyprieni zapisovaciho timeoutu, nastaveného

pomoci SetTimeouts.

function FT ResetDevice(fiHandle:Dword) FT Result; stdcall; External FT DLL Name name
'FT ResetDevice’;

Resetuje USB komunikaci zadaného zafizeni.

Junction FT SetBaudRate(fiHandle: Dword, BaudRate: DWord):FT Result; stdcall; External
FT DLL Name name 'FT SetBaudRate';

Nastavi prenosovou rychlost daného zafizeni: Vybrat mizeme z pevné danych rychlosti
od 300 Bd do 921600 Bd podle [3] nebo [5].

function FT'_SetDataCharacteristics(ftHandle: Dword.
WordLength. StopBits, Paritv. Bvte).FT Result; stdeall;, External FT _DLL_ Name name
‘FT SetDataCharacteristics’;

Umi nastavit charakteristiky prenasenych dat zarizeni, délka datového slova bud’ 7 nebo
8 bitl, poet stop bitd 1 nebo 2 a paritu: nepouzita, licha, suda, znadena, mezerova.
Function FT SetDtr(fiHondle: Dword):FT Result; stdcall; External FT DLL Name name

‘FT SetDtr";

Function FT _ClrDtr(fiHandle:Dword): FT Result; stdeall; Fxternal FT' DLL Name name

'FT CirDir';

Nastavovani linky DTR do log.1 a 0, coz se da vyuzit napt. k resetu komunikace.

function FT_GetModemStatus(fiHandle: Dword; ModemStatus: Pointer): FT Result; stdeall;
External FT DLL Name name 'FT GetModemStatus ',

Jak jiz bylo diive popsano, slouzi ke zjisténi stavu linek modemu z proménné, ktera
vrati islo typu Dword, miiZeme zjistit pomoci logického sou¢inu a daného symbolu viz.

[4] stav linky, ktera nas zajima.

Junction FT Purge(fiHandle: Dword,; Mask:Dword):FT Result; stdeall; External
FT DLL Name name 'FT Purge’.

Dokaze vyprazdnit piijimaci nebo vysilaci buffer zafizeni, zavisi na parametru mask,

za ktery se mize dosadit hodnota FT_Purge_TX nebo FT_Purge RX.
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Junction FT SetTimeouts(fiHandle: Dword; ReadTimeout, Write Timeout. Dword): FT Result,
stdeall; External FT DLL Name name 'FT SetTimeouts';

Nastavuje zafizeni ¢teci a zapisovaci timeout, jakou dobu bude Cekat zafizeni na data.
Cislo v proménné Readtimeout a Writetimeout znamena pocet milisekund, po které se
ceka.

Sfunction FI_GetQueueStatus(ftHandle: Dword: RxBytes: Pointer): FT Result: stdcall; External
FT DLL Name name 'FT GetQueuneStatus’;

Vraci pocet bajth uloZenych v piijimaci fronté, tento Udaj je dostupny jako FT Qbytes
a da se pouzit jako parametr pfi ¢teni pomoci FT read.

Sfunction FI_GetStatus(fiHandle: DWord; RxBytes TxBytes, EventStatus: Pointer): FT Result:
stdcall; External FT _DLL Name name 'FT _GetStatus';

Vraci aktualni stav zafizeni a stav pfichozi a odchozi fronty tj. RxQueve, TxQueve,

EventStatus. Vyuziva se spolu s funkci FTISetEventNotification pro pamét’ EEPROM.

function FI_GetDevicelnfo(ftHandle: DWord; DevIyvpe ID SerNum, Desc pvDummy:Pointer)
FT Result; stdeall, External FT _DLL Nome name 'FT GetDevicelnfo';

Zjisti podrobnosti o zafizeni, jako je jeho ndzev, handle, sériové Cislo a jiné rozsifené
informace.

Junction FT GetDriverVersion(ftHandle: Dword; DrVersion:Pointer):FT Result; stdcall;
External FT DLL Name vame 'FT _GetDriverVersion',

Junction FT GetLibraryVersion(LbVersion: Pointer). FT Result; stdeall; External
FT DLL Name name 'FT GetLibraryVersion';

Tyto dvé funkce slouzi k zjidténi verze ovladace zafizeni a verze knithovny D2XX dlIl.
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1.2.4 Pfevodnik USB&RS232 s FT232RL

Prevodnik slouzi ke komunikaci s méfici deskou.

Obr. 1.2: Pfevodnik

1.2.5 Mérici deska

Ukazka méfici desky, na které probihalo méfeni.

Obr. 1.3: Méfici deska
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2.Vyhodnocovaci aplikace

2.1 Zakladni pozadavky

Pracuje se zde shodnotami naméfenymi méfici deskou, které je potieba
pfijmout, uloZit a zpracovat. K praci s hodnotami byla vytvofena pocitacova aplikace
Vyhodnoceni dat z tachometru. K zakladnim funkcim aplikace patii zjistit pocet
zafizeni, ktera jsou pripojena k po€itaéi a zobrazit je do seznamu, po kliknuti na zvolené
zafizeni je umozné&no nastavit pfenosove parametry.

Vytvorena aplikace je urfena pro pouzivani ve Windows XP a je kompletné
naprogramovana v programu Delphi 7. Méfici deska se pfipojuje k politali pies
sbérnici USB, coz umoziuje obvod FT232RL. Obvod slouzi méfici desce jako rozhrani
mezi pocitatem a deskou. Umozni z pohledu pocitace pievést USB port na virtualni
sériovy port, se kterym se pracuje jako s obyéejnym sériovym portem. V tomto piipade
jsou pouzivany knihovny Windows API, jsou dostupné i knihovny pro obsluhu
sériového portu, ale pouzitim API funkei navrzenych pifimo pro Windows se stane
program spolehlivéjsim a robustnéjsim.V koneéné verzi vyhodnocovaci aplikace je vSak
vyuzit pifimy pfistup na port USB, pomoci ovlada¢i dodavanych od vyrobce FT232 RL.
V nich se vyuziva vstupni a vystupni fronta naméfenych dat na portu USB a piedava
data do virtualnich bufferfi v paméti. Z nich si program vyzvedne piesny pocet udaju,
které byly zméfeny a uklada si je do dynamického pole jako polozky typu Tvzorek,
které obsahuji hodnoty rychlosti, otacek a ¢asu méfeni. Struktura dat je jednoducha a
vyuziva ukladani do souboru( *.csv), ktery je navrZen pro ukladani naméfenych hodnot
zméfeni. Tento typ souboru se sklada ze seznamu hodnot, které jsou oddéleny
stfednikem. Popfipadé je druha moznost, kdy se data daji ukladat jako textovy soubor
(* txt), ve kterém jsou naméfené hodnoty oddéleny mezerou. Kromé editace
ve vyhodnocovaci aplikaci, lze také soubory oteviit v programu pro upravu textovych
soubortl, napi. Notepad. Aplikace pracuje jen s dvéma typy souborti (*.txt, *.csv). Na né
je nastaven filtr pro otevirané i ukladané soubory. Jako dalsi vystup je k dispozici
moznost tisku kompletniho pfehledu zaznamenanych hodnot, a to jak naétenych
ze souboru, tak stazenych z méfici desky. Pro grafické vyhodnoceni aplikace zobrazuje
graf charakteristiky rychlosti a otacek v €ase, které se méni od nuly do maxima hodnot.
Jeho zobrazeni v cCase se da zrychlit nebo zpomalit az  4x. Pro prubéh
ze zaznamenanych dat méfeni v realném ase se postupné zobrazyi body podle toho,

v Jakém okamziku ze zafizeni dorazi. Samozieymeé se da graf vytisknout nebo ulozit
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do souboru (*bmp, *.jpg). Jako dalsi dobra pomticka je k dispozici zoomovani u grafu,

které priblizi pozadovanou oblast grafu v 16ti krocich.

2.2 Pracovni prostredi

Program byl navrhovan tak, aby byl co mozna nejjednodussi na ovladani. Déli
se na dveé hlavni €asti. V prvni Casti se nastavuje komunikace a vSe ostatni kolem
prenosu dat. V druhé ¢asti se provadi rekonstrukce jizdy. Cela aplikace obsahuje Sest

formulart, které jsou rozdéleny timto zpusobem:

1) Formulaf Form2 slouzi pro nastaveni komunikace a stahovani dat.

2) Form3 je pro zrekonstruovani jizdy a nastaveni s tim souvisejici.

3) Form4 obsahuje komponenty tachometr a otackomér, které dokazi zobrazovat
aktualni hodnoty rychlosti a otacek a slouzi jako imitace palubni desky.

4) Form5 byl vytvofen jako panel pro statistické vypocty a jejich zobrazeni.

5) Form6 byl vytvoren kvili potiebé tisku a jeho formatovani, proto je vyuZit jako
nahled tisku hodnot.

6) Forml je hlavni formulaf, ktery do sebe sluCuje Form2 a Form3 a obsahuje

hlavni nabidku programu.

FORMI1
FORMI FORM3
FORMb FORM4 FORMS

Obr. 2.1: Kostra programu

Vsechny zdrojové kody, z kterych se aplikace sklada jsou komentovany a nachazeji

se na piilozeném CD.
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2.2.1 Hlavni formuladf aplikace

Hlavni formulaf zastituje a spojuje dva dulezité formulare a to Form2 a 3, jak je
uvedeno na predchozi strance. Formulai Form1 obsahuje komponenty hlavni nabidka
MainMenul, komponentu PageControll, ktera se chova jako zalozky a tim umozni
pfepinani mezi Form2 a 3. Nakonec na ném jest¢ najdeme dialogy pro otevieni,
ukladani, tisk a jako posledni komponentu Statusbar.

Po spusténi, se nejdiive vytvori vsechny formulare. Havni formular ma za ukol
nastavit svoji pocate¢ni pozici na ploSe a piizplsobit se podle velikosti formulare, ktery
se bude zobrazovat na zvolené strance PageControll a vzdy, kdyz se aktualni zalozka
zmeéni, procedura se znovu provede a rozmery se piepocitaji (viz Unitl.pas-pfiloha).

Dalsi funkce jsou ukryty vhlavni nabidce. V menu Soubor muzeme najit
polozky Oteviit, ktera nam dovoli otevfit soubor s dfive ulozenymi hodnotami. Ty jsou
ve formatu txt nebo csv, u kterych aplikace rozpozna typ a podle ného je nacte do pole,
¢imz jsou data pfipravena na rekonstrukci jizdy. Otevieni je indikovano v titulku okna
zobrazenim nazvu souboru. Dalsi polozky jsou Ulozit a Ulozit jako, které ulozi
provedené zméeny v souboru, popiipade ulozi soubor jako novy soubor s jinym nazvem.
Posledni polozkou je Zavfit, ta nam umozni korektné zavfit soubor. Kdyz je jiZ soubor
otevien, neni mozno oteviit jiny soubor nebo zalit stahovat data. Je proto potieba
soubor vzdy pred novym meéfenim nebo otevienim jiného souboru zaviit. Pozname
to tak, ze zmizi nazev souboru ztitulku okna a vyprazdni se pole dat. Posledni je

polozka Konec, ktera ukonci cely program.

? Vyhodnoceni dat z tachometru
=faflan 8 Tisk data Exportdata Help
Otewtit ta ] Vyhadnoceni]
Ulozit
Ulozit jako...
Zavit

Konec

Obr. 2.2: Menu Soubor
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Dalsi polozkou hlavni nabidky je Tisk data, ktery se sklada ze dvou moznosti. Bud’ tisk
dat ze souboru nebo tisk dat z méfici desky. ReSeni je zvoleno z toho diivodu, protoZe

pro tisk dat z méfici desky musi byt zafizeni pfipojeno k pocitaci.

2 V¥yhodnoceni dat z tachometru
UEEEEN Export data  Help

komunik  data ze souboru ceni ]
" data z procesory

Soubor

Obr. 2.3: Menu Tisk data

Jako predposledni je Export data, ve kterém je mozno vybrat zpusob exportu dat
do souboru typu *.txt nebo *.csv. Rozdil je v tom, Ze soubor txt ma jednotliva data

na fadku oddélena mezerou a soubor ¢sv ma data na radku oddélena stiedikem.

7 Vyhodnoceni dat z tachometru
Soubor Tisk data BSaaiaLElEN Help

komunikace, USE,  data ->txt
. | data->csv

Obr. 2.4: Menu Export data

Posledni polozka Help obsahuje informace o aplikaci, k ¢emu je aplikace urcena a jeji

Verzi.

7 Vyhodnoceni dat z tachometru
Soubor  Tisk data Export data BEE

komunikace. USB, data I wyhodre 0 programu
o | verze |

Obr. 2.5: Menu Help
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2.2.2 Okno komunikace a stahovani dat

Okno komunikace a stahovani dat se zabyva nastavenim komunikace, samotnym

pfipojenim k méfici desce a stazenim dat nebo zapnuti online méreni. Po spusténi

programu vypada jeho okno jako na obrazku Obr.2.6.

2] Vyhodnoceni dat z tachometru
Soubor Tisk data Export data  Help
Ckomurikace, USE, data ] vyhodnocent |

nastaveni-data —Handshaking - I~ Special Chars -

Flow control: I—_~] I_-
l__.

0% |

jmeno | id cisla i stav ]

Jednotek k dispozici ¢ o

Obr. 2.6: Okno komunikace

Okno komunikace a stahovani dat je rozdéleno do nékolika ¢asti, které se lisi svym
ucelem. V horni casti je roletové menu, ve kterém jsou funkce jiz diive popsané
v hlavnim okné aplikace. V dolni Casti okna na Statusbaru vidime kolik je aktualne
piipojenych jednotek k portim USB v pocitadi, toto se zajiStuje v programu

nasledujicim zpasobem.
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Ukazka zjisténi poctu pfipojenych jednotek (viz. Uni2 pas):

GetFTDeviceCount; Zknihovni funkce FIDI
poc_fedn:=inttostr(FT Device Count); pfevedeni tohoto Cisla na text
Forml.StatusBari Parnelsf0]. Text. ="Jednotek k dispozici =,

Forml StatusBarl. Parnels{l1] Text:=poc_jedn; /zobrazeni v panelu

Kdyz je pfipojena alespon jedna méfici deska, nastava dalsi krok, ktery zobrazi

postupné viechna zafizeni:
Ukazka zobrazeni piipojenych jednotek (viz Unit2 pas):

index jedn:=0;

if FT Device Count = 0 then

begin

Jori:=1to FT Device Countdo
begin
LV:=LV zarizeniltems.Add,
LV Caption: ="zafizeni "tinttostr(i);
GetFTDeviceSerialNo( index_jedn ); //zjistl sériové &islo zafizeni
LV.Subltems. Add(FT Device String)
GetFTDeviceDescription( index_jedn ); Jizjisti popis zafizeni
LV.Subltems. Add(FT Device String)
index jedn:=index jedn + 1:
end;

end;

Zdrojovy kod pouzZiva komponentu Listview, do které postupné pfidava zafizeni
a pomoci knihovny unity D2XXUnit.pas si zjistuje jejich sériova Cisla a popis. Tento
udaj je velice dilezity pro dalsi postup v pripojeni. Kdyz neni k dispozici Zadné zatizeni
nebo se nedaji zjistit rozifené udaje o zafizeni, neni umoznéno se k nému piipojit.

Pokud je zafizeni pfipojeno do portu USB, a pfesto se v nabidce nezobrazi,
je tieba kliknout na tlagitko Obnovit, které provede opétovné zjisténi poctu jednotek
a jejich vypis. Jestlize je v seznamu zobrazeno alespoii jedno zafizeni, lze se na néj
piipojit kliknutim na jeho nazev, to povoli tladitko Pripojit a také nastaveni parametri
prenosu dat. Lze nastavit parametry podle potieby, jako zakladni jsou nastaveny takto:

pienosova rychlost 19200 Baud, pocet datovych bitll 8, pocet stop bitd 1, parita none.
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Plvodni hodnoty parametrii se obnovi pii resetovani komunikace tlaCitkem Reset.
Handshaking neni povolen. Pokud je ale vyzadovan, neni problém nastavit i jeho
parametry a provozovat prenos dat vCetné ného. Hodnoty, které lze nastavovat jsou
v rozsahu klasickych parametri sériového portu, pfenosové rychlosti od 1200
do 921600 Baud, datové bity 8 nebo 9, stop bity 1 nebo 2 a parita none, odd, even, mark
a space. Jestlize jsou vSechny parametry nastaveny podle potieby, je mozno kliknout
na tlacitko Pripojit.

Po kliknuti na tlacitko Piipojit si nejprve otestuje, jestli je vybrana jednotka
k dispozici. Pokud je jednotka k dispozici, uplatiiuji se postupné jednotliva jiz drive
popsana nastaveni pfenosu dat a povoli se ostatni tlacitka, pficemz se tlacitko Pfipojit

zakaze, nastavi se stav komponenté Tkontrol na zelenou barvu a v labelu se zméni napis

z ,,0dojeno!” na ,,Pfipojeno!”, jak je mozné vidét na Obr. 2.7.

. Vyhodnoceni tachometru - zafizeni je k dispozici
Soubor Tisk data Export data  Help

komunikace, USE, data | yyhodmoceni |

i “nastaveni-data 1 Handshaking - Special Chars -

Flows cantrol: ﬁ 2 ON I—
7 BTS [ DT :(IFF I—

. Pripojeno!

Pripojit | Qdpojit | BESET |

I . Odeslano:

| pislo J[—j Online mé‘r’em’l .ﬂl

Smaz pamet’ RAM! ‘

Stahnout data

0% |
.‘rneno | id cislo | stav ]
zafizen 1 A7O0RELa FT232R USB UART
Jednotek k di-spoz-i:-i- : 1

Obr. 2.7: Okno komunikace — pfipojeno
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V tomto okamziku je mozno stahovat data tlaCitkem Stahnout data, které si
od desky vyzada pocet mereni. PoCet méfeni se nastavi do comboboxu pro ¢islo méfeni
Obr. 2.8. Po tom, co vybereme jedno z méfeni, vysle program pozadavek s timto Cislem
do desky a za¢nou se pfijimat data. Prabéh operace je zobrazen pomoci processbaru
a doprovazen komentafem na panelu. Po pfijmuti se data roztfidi a ulozi do pole hodnot,
kde jsou pfipravena pro dalsi vyuziti. Pokud deska neobsahuje zadné méfeni, nastavi se

do comboboxu ¢islo 0 a tla¢itko Méreni ¢islo zustane zakazano.

Obr. 2.8: Stahovani dat

Dals§i moznosti je méteni v realném Case. Méfeni se spusti stisknutim tlaitka Online
mefteni, které vzdy ¢eka na zméfené hodnoty od desky. Zmerené hodnoty si uklada opét
do pole a tyto hodnoty jsou ihned k dispozici k zobrazeni. Online méfeni vyuziva
Timer2, ktery provadi vzdy v pevné nastaveném intervalu kontrolu vstupniho bufferu na
portu USB a ¢eka, dokud nedostane od zafizeni aktualni hodnotu, kterou si ulozi. Tuto
¢innost provadi, dokud neni ukoncen tlacitkem Odpojit nebo Reset.

Vsechny prenosy dat l1ze zkontrolovat na ukazatelich Obr. 2.9, které signalizuji
spravnost odeslanych a pfijatych dat a jejich pocet, 1ze téz nastavit nebo vynulovat linku
DTR, ktera provede reset komunikace s procesorem. Jako posledni je moznost smazat
ulozena méfeni z desky. Smazani vSech ulozenych méfeni z desky se provede stiskem
tlacitka Smaz pamét RAM, které posle desce pfikaz ke smazani viech méfeni a nastavi

pocet méteni na 0.

Obr. 2.9: Kontrola pfenosu dat
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Data je mozno tisknout bud’ po stazeni nebo po otevieni souboru, kdyz jsou
ulozena v poli hodnot programu. K tisku slouzi tlaCitko Tisk data v hlavnim menu
programu. Zde je mozno vybrat si, jak jiz bylo napsano, pfislusnou moznost, pfi¢emz

se vytvoii z prislusnych dat nahled tisku viz Obr. 2.10, kde si je mozno prohlédnout

celou vystupni sestavu a pokud je vyhovujici, tak tisk potvrdit nebo ho stornovat.

7 ndhled tisku

zaviltndhled | Tisk |
Cas (s) Rychlost (km/h)  Otatky (n/min.)

1 100 1100
2 m 1200
& 102 1300
4 103 1400
5 104 1500
b 105 1500
? 106 1600
8 107 1700
9 108 1800
10 103 1500
1 110 2000
12 111 2100
13 112 2200
14 113 2300
15 114 2400
16 115 2500

Obr. 2.10: Nahled tisku

Pro kontrolu, zda je zafizeni pfipojeno k aplikaci, slouzi Timerl a jeho
procedura onTimer, kde se kazdych 500 ms kontroluje stav zafizeni. Kdyz je zafizeni
pfipojeno a odpovida, nastavi procedura onTimer do titulku hlavniho formulafe krome
nazvu aplikace jesté dodatek ,, zatizeni je k dispozici . Kdyz zafizeni neodpovida nebo
je odpojeno, provede se automatické odpojeni a program se nastavi do pocatec¢niho
stavu. Procedura onTimer vSak probiha jen pokud se zafizeni nepouziva ke stahovani
dat nebo online méfeni. Pokud jsou napfiklad stahovana data, neni procedura onTimer
vubec povolena a spousti se az po vykonani celé operace a v prubéhu si tuto Cinnost

hlida samotna knihovna FTDI pomoci chybovych hlaseni.
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K ukondeni prace se zafizenim slouzi tlacitka Odpojit a Reset. Tlacitko Odpojit
pouze provede samotné odpojeni zafizeni a vypne Timerl pro ovéfovani jeho
dostupnosti. TlaCitko Reset provede nejen samotné odpojeni zafizeni a vypne Timerl
pro ovéfovéni jeho dostupnosti, ale jedt¢ navic nastavi vlastnosti komunikace
do vychoziho stavu. Je mozné komunikaci ukoncit také odpojenim zafizeni z konektoru

USB, program pak zafizeni odpoji automaticky.

2.2.3 Komunikace aplikace s deskou

Pro komunikaci programu s mefici deskou slouzi jednoduchy model. Jestlize
chce program kontaktovat méfici desku a zjstit, zda jsou k dispozici data, odesle
do vystupniho bufferu USB znak ,,A“, coz odpovida v ascii hodnoté 65. V programu
ukol fesi tlacitko Stahnout data. Na vyzvu odpovi deska tim, ze odesle hlaseni, které
obsahuje informace o tom, zda jsou néaka naméfena data k dispozici. Kdyz data
k dispozici jsou, obsahuje zprava jesté pozadavek jestli si uZivatel preje data stahnout.
Pozadavek uzivatel potvrdi tim, Ze odesle znak ,,.B*, odpovida hodnoté 66 a v programu
ho provadi tlacitko Méfeni Cislo. Po stisknuti tlacitka Méfeni ¢islo deska zaéne posilat
data, dokud neodvysila cely obsah své pameti, v pripadé této desky 16 kB dat. Smazani
viech méfeni se provadi pomoci tlacitka Smazat pamét’ RAM, které odesila znak ,,.C*,
odpovida hodnoté 67.

Pro ulozeni dat v paméti slouzi dynamické pole Poledat, které je pouzito kviili
rozdilnému poétu naméfenych hodnot pii méfenich. Jeho prvky jsou typu Tvzorek,

coZ je tiida, ktera je vytvoiena pro uloZeni stazenych hodnot a ma nasledujici strukturu.
Ukazka definice tfidy Tvzorek (Unit3 pas):

Tvzorek = class
rvchlost:real;
otacky.real;
cas:real.
constructor Init(rychlostotacky:integer;cas.longint);
end.

Tdata = array of Tvzorek; /ldvnamické pole vzorki
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Do dynamického pole jsou hodnoty tfidény ze vstupniho bufferu USB, vzdy prvni
hodnota je cela ¢ast hodnoty otacek, za ni nasleduje desetinna ¢ast hodnoty otacek,
pak cela &ast rychlosti a desetinna &ast rychlosti. Ctvefice hodnot pokraduji v tomto

pofadi az do konce méfeni. ZaCatek a konec meéfeni jsou signalizovany hodnotou 255.

2.2.4 Okno rekonstrukce jizdy

V okné rekonstrukce jizdy se nastavuji parametry rekonstrukce jizdy automobilu
a probiha zde grafické zobrazeni hodnot uloZenych v poli namérenych hodnot aplikace.
Z okna rekonstrukce jizdy se dale daji zapnout nebo vypnout dalsi rozsifujici ukazatele,

jako napfiklad okno tachometru, které imituje palubni desku automobilu nebo okno

statistik.

7 Vyhodnoceni tachometru
Soubor Tisk Export Help

komunikace, USH, dats  vyhodnoceni |
Fekonstrukce jizdy ©

Fuchlost : 11 j

& | dasii) | wehlost (vi | otédky )

I~ Zobrazit tachomel
I~ Zobraz statistiky

Zobrazit v grafu
v Ruchlost [v)

W Otéky [n) Tiskriout graf
I~ Body

v legends Ulodt graf jako...

Grat Téwislosti rychiosti & otécek na Ease

=
E
=
=
o]
3
P L
z
=
g
[%)
=
o
Cas(z)
[ Rychiost — Otécy
Jednotek. k dispozici | 0

Obr. 2.11: Okno rekonstrukce jizdy
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Jak mizeme vidét na obrazku Obr. 2.11, sklada se okno rekonstrukce jizdy
z n¢kolika &asti. Vlevo nahoie je panel Rekonstrukce jizdy, na némz lze nastavit
rychlost s jakou bude rekonstrukce probihat v realném {ase. Tento parametr je mozZno
nastavit v rozmezi 1:4 az 4:1, pfiCemz defaultné je nastavena rychlost 1:1. Lze ho ale
nastavit jen v pfipadé, Ze neprobiha online méfeni. Dale je zde moZznost nastavit jesté
viditelnost okna tachometru a okna statistik. Pod panelem Rekonstrukce jizdy
se nachazi panel pro nastaveni vlastnosti grafu, povoluje se zde zobrazeni pribéhu
otac¢ek a rychlosti, které mohou byt zobrazeny soucasn¢ nebo kazda zvlast. Dale je
mozno povolit nebo zakazat zobrazeni bodli na priibéhu a jako posledni je zobrazeni
legendy, ktera je zobrazena dole pod grafem. Vedle panelu Zobrazit v grafu jsou
zobrazovana data. K tomuto ucelu se pouziva komponenta Listwiev, ve které jsou
postupné zobrazeny sloupce dat.

Pofadi sloupcii je nasledujici:

a) je zobrazeno vzdy ¢islo méfeni
b) ¢as (1) v sekundach
¢) rychlost (v) v kilometrech za hodinu

d) otacky (n) v jednotkach otacky za minutu

Uplng vpravo jsou tladitka, kterymi se ovlada spousténi a zastaveni a tladitko Reset,
které nejen Ze zastavi rekonstrukci, ale uvede 1 vSechny zménéné komponenty
do puvodniho stavu, jako je na obrazku Obr. 2.11.

Pod tlagitky se je3té nachazi Tisknout graf a Ulozit graf jako. Jak jiz nazev
napovida slouzi prvni tladitko k tisku grafu. Graf se vytiskne podle nastaveni na celou
stranku s 5px odsazenim od vSech okraji a orientace je nastavena na hodnotu
Landscape (horizontaln€). Druhé tlacitko umozni ulozit graf jako bitmapu, kterd je
nastavena jako prvni volba v nabidce Savedialogu, pomoci funkce grafu

SaveToBitmapFile nebo do jiného formatu pomoci SaveToMetaFile.
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Ukazka zdrojového kodu uloZeni grafu do obrazku (viz. Unit3.pas):

~uloZl graf jako obrdazek u nebmp se musi zadat pFipona
if Save Dialogi. Execute then
begin
if SaveDialogl. FilterIndex = I then
begin
Jmn.=SaveDialogl.FileName+"bmp":
Charti Save ToBitmapFile (jmn);
end else
Charti SaveToMetafile(SaveDialogl. FileName);

end;

Dalsi uzite¢nou funkei, kterou 1ze v gratu pouzit je zoom, kterym se da pribéh
piiblizit podle potieby a priblizeni probiha podle nastaveni v 16ti krocich animované.
Samoziggmé se da vytisknout nebo ulozit 1 detail grafu, protoze se pracuje s tim,
co je vidét pravé na platné,

Celé zobrazovani grafu probiha pomoci komponenty Timer. V jeji procedufte
onTimer je umistén nasledujici zdrojovy kéd, ktery fidi zobrazovani priibéhti a vkladani
dat do komponenty ListView.

Zdrojovy kod zajisti, Ze se zobrazi v grafu Chartl a v ListViev Iv_hodnoty
vSechny hodnoty, které jsou uloZzeny v poli s nazvem Polehodnot stim, Zze se bude
zobrazovat popis na fasové ose kazdych deset sekund. Zaroveii se hodnoty budou
zobrazovat na komponentach Totackomer] a Ttachol jako aktualni hodnoty.

Rychlost rekonstrukce je mozné ménit v jakémkoli okamziku, kdyz se zméni
hodnota rychlosti na panelu rekonstrukce, prob&hne procedura onChange této

komponenty a zm¢eni se tak i interval ¢asovacde.
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Ukazka zdrojového kodu zobrazeni hodnot do grafu (viz. Unit3 pas).

if citac<high(polehodnot)+1 then
begin

1 ryeh: =StrToFloat(IntToStr(polehodnot{citac].rychiost)),

s_cas: =inttostr(polehodnot{citac].cas);

1 ot:=StrToFloat(ImToStr(polehodnot{citac].otacky)).

if citac mod 10 = 0 then

begin
with Series rvchlost do Add(f rych,s_cas,clred),
with Series otacky do Add(f ot,s cas.clblue);

end else

begin
with Series_rvchlost do Add(f rych,”.clred);
with Series otacky do Add(f ot,”.clblue);

end;

Formd.totackomerl aktual otacky:=f ot;

Formd.tachol.aktual_rychlost.=f rych;

v vys:=lv_hodnoty ftems. Add.

v vys.Caption: =inttostr(citac),

v vys.Subltems Add(s_cas);

v vys.Subltems. Add(floattostr(f rych));

v vys.Subltems Add(floattostr(f ot);

citac: =citac+1/;posun na dalsi polozku

Chartl. Repaint;

end;



2.2.5 Okno tachometru
Okno tachometru slouzi k zobrazovani aktualnich hodnot rychlosti a otacek.

Imituje tim palubni desku automobilu. Okno tachometru (viz. Obr. 2.12) je tvofeno
formulafem Form4, na kterém jsou umistény komponenty Ttacho a Totackomer.

Komponenty Ttacho a Totackomer byly vytvofeny pro potfebu aplikace a podrobné

jsou popsany v nasledujici kapitole.

Tachometr

it e
A hERNERRL | Tt
sl L L7
.‘\“ g 2y

Obr. 2.12: Okno tachometru
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2.2.6 Komponenty Ttacho a Totackomer

Komponenty Ttacho a Totackomer, jsou komponenty vytvoiené pro ucel
aplikace. Obé komponenty jsou témér stejné, lisi se pouze v malych detailech, jako je
napiiklad obrazek na pozadi. Jejich zdkladem je komponenta TCustomPanel. Na panelu
je vytvofena komponenta typu TImage, na jejiz platno se vykresluje zadané pozadi
a ukazatel ,ruc¢icka”. Rucicka je vlastné pole bodu, které jsou vzdy piepoditany pomoci
transformacnich matic a pospojovany pomoci funkce LineTo. Aktudlni hodnota
se posila komponentam pomoci parametru, z kterého se spocita rozdil mezi minulou
a aktualni hodnotou a vysledek se pouzije jako hodnota o kolik stupii se ma rucicka
otoéit. OtoCeni se provadi pomoci funkci rotace a transformace Tyto funkce jsou
definovany v unitu Unit_transf pas, ktery je na piilozeném cd. Nachazi se ve slozce
komp, kde jsou i celé zdrojové kody komponent vietné souboru zdrojii a obrazka

pozadi.
Ukazka nastaveni polohy ru¢i¢ky komponenty Ttacho (viz. Tacho.pas):

procedure Ttacho.vstup(const Value. real),

var

rozdil:-real;/rozdil mezi minulou a aktualni hodnotou na tachu
begin

rozdil:=23;

aktualni: =1 13*(value);

rozdil: =aktualni-minula;

transformace(rotace(rozdil));

minulo: =akitualni;

end:

Vstupni procedura, kterd obdrzi aktualni hodnotu od programu a postara se o otoceni

ru¢icky o hodnotu proménné Rozdil.
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Zdrojovy kod unity pro transformaci, ta je pro komponenty Ttacho 1 Totackomer

spole¢na (viz. Unit_transf.pas):

unit unit_transf,

interface

tvpe Matice = arvay f1..3,1..3] of Real;
Vektor = array [1..3] of Real;

Function JednotMat Matice;

Function Rotace (Uhel: Real).Matice;

Function Posun (dx,dv: Real) . Matice;

Function Nasob (Vek: Vektor; Mar: Matice) - Vekior,

implementation

Function Nasob (Vek: Vektor; Mar: Matice) - Vekior,
begin

Result[1] := Vek{1]*Mat[1,1] + Vek[2]*Mat[2.1] + Vek[3]*Mat[3,1]:
Result[2] : = Vek{1]*Mat[1.2] + Vek[2]*Mat[2,2] + Vek{3]*Mat(3.2]:
Result[3] := Vek[1]*Mat[1,3] + Vek[2]*Mat[2.3] + Vek[3]*Mat[3,3]:

end.

Function JednotMuor:Matice,
var LJ : Integer;
begin
forI:=1to 3do
forJ:=ito 3do
if J=I then
ResultfIJ] =1
else
ResultfLJ] :=0;
end;

Function Rotace (Uhel: Real):Matice;
var P : Real;
begin

P:=Pi*Uhel 130,

Result : = JednotMat;

Resuitf1,1] .= cos(P);
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Resultf1,2] := sin(P);
Result{2,1] := -sin(P);
Result[2,2] := cos(P);
end;
Function Posun (dx,dy: Real):Matice;
begin
Result : = JednotMat;
Result{3,1] :=dx;
Result{3,2] := dy;
end;

end.

2.2.7 Okno statistiky

Okno statistik v této aplikaci slouzi k zobrazeni ukazateld, jako jsou aktudlni
spotfeba, ujeta draha a maximalni hodnoty rychlosti a otacek. Tyto udaje jsou prubézné
aktualizovany a prepocitavany. Po skonceni rekonstrukce jizdy se doplni i celkové

ukazatele, coz je celkova ujeta draha a celkova spotieba.

statistiky

Spotieball/km]: b Celkova spotiebal(l/km): 5 25
Ujeta draha(km]: 5D Celkoya drahalkm): 50
Max. ipchlost(km/h): 122 Max. otacéky(n/min_] : 4250

Obr. 2.13: Okno statistiky

K zobrazovani na tomto formulédfi slouzi Sest komponent label. Postupné
v kazdém kroku se pocitaji hodnoty vSech ukazatell, které jsou vzdy pied kazdym
dalsim krokem vypoCtu aktualizovany a jejich nova hodnota je vlozena do labelu
na formulafi. VSechny hodnoty jsou pocitany vramci tohoto formulafe. Podrobny

zdrojovy kod formulare je vlozen na piilozeném CD.
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2.3 Manual programu

Program Vyhodnoceni dat z tachometru slouzi pro stazeni a vyhodnoceni dat,
které naméfila meéfici deska. Pracovni prostiedi programu se sklada z jednoho hlavniho

okna, na kterém jsou dv¢ zalozky a tii pomocnych oken.

Hlavni okno programu:

Stahovani dat

. ¥yhodnoceni dat z fachometru

Soubor Tiskdata Export data Help H
{komunikace, USH, data’| Whgdnwmrr//

I nastaveni-data | Handshaking 3
Lprenosy Flow contral: |1 o= ' FOn I—
stoye DI ¥ BTs ¥ DTHE F-ARF |; 3
EvENT [0 I~
D erRoR. [0 T
'J.
=
. Cleslant
BESET Ohbnowvit
l = I . Friiato C
I date 0 e l |_;] Onlins.rmsteni . set TR
nacitaning \ F LA
0%
L o
imeno | id cisla | stav |
_______,__f————*"—j B
faednotek k dispozici : R .

Obr. 2.14: Hlavni okno programu — stahovani dat

Hlavni okno programu je zobrazeno na Obr. 2.14. Vétsinu funkci poskytuje
horni roletové menu (A), které je podobné jako u vétSiny programu pro operaéni systém
Windows. V nabidce pfipojenych jednotek (B) jsou zobrazeny aktualné piipojené
jednotky, ke kterym se je mozno piipojit. Kliknutim na polozku v nabidce se zpfistupni

nabidka pro obsluhu pfipojovani a stahovani dat (C), zaroven se zpfistupni i nabidka pro
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nastaveni vlastnosti komunikace (D) pocitace s méfici deskou. Pripojit k desce je mozné
ptes tlacitko Pripojit. Ke stahovani dat slouzi tlacitka Stahnout data a méfeni Cislo (F).
Pro spusténi meéfeni v realném Case slouzi tlacitko Online méfeni (G). Smazat vSechna
ulozené méfeni Ize tlacitkem Smazat pamét RAM (I). Pro prepnuti okna do rezimu

vyhodnoceni a rekonstrukce jizdy slouzi zalozka vyhodnoceni (H).

Vyhodnoceni a rekonstrukce jizdy

E* ¥yhodnoceni tachometru
Soubor  Tisk Export Help

komunikace, LS, date Vyhﬁdmil
Rekonstiuloce jizdy : 1

[ I e T i rychiost [v]: 1 otacky [n: [

Rychlost: {111 =

[~ Zobrazit lachometr L
[ Zobraz statistiky ==

Zobrazit v grafu 1 o
v Rychlost [v)
W Dté&dky ()

__,__,.n—*-‘""’ﬂ L Tisknout graf :|~ -
[~ Body (8 |
v legenda Ulozit graf jako... :'-'

~,

Graf zévisiosti rychiosti & ctééek na Sase
i
E
(=
=
]
@
E D R P T L e e o, S e A B M B P E sl tetatie e allin b o Dt Do e R fis b Bt o S bt B M Bl i B e B d o e R s B Dot R o 2ol !
=
E
o
g
Q
!
a
Cas(z)
— Rychlost — Otécky ||

L%

Jedniotek k dispozic © i} 2

Obr. 2.15: Hlavni okno programu — vyhodnoceni a rekonstrukce jizdy

Zalozka vyhodnoceni je zobrazena na Obr. 2.15. Rekonstrukce se ovlada pomoci
tlaCitek Start, Stop a Reset (N). Parametry rekonstrukce jizdy se nastavuji na panelu (K),
kde je mozné nastavit rychlost sjakou se bude prubéh jizdy zobrazovat. Na tomto

panelu je také moznost zapnuti rozSifujicich ukazatel, okna tachometru a okna
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statistiky (viz. Obr. 2.16). Na panelu (L) lze nastavovat, co bude zobrazeno v grafu.

Graf je na Obr. 2.15 zobrazen jako (P). Pomoci tlacitek (O) lze graf tisknout nebo

ho ulozit jako obrazek.
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Spotieball/km):
Ujeta drahalkm):

Max_ rpchlostfkm/sh): 122

B
50

Celkova spotfeba(l’/km): 625
Celkova drahafkm): 50
4250

Max. otacky[n/min.] :

Hlavni roletové men

Obr. 2.16: Okna Tachometr a statistiky

u

Vétsina dulezitych funkci je pfistupnych z hlavniho roletového menu programu,

vsechny jeho polozky je mozné vidét na Obr. 2.17.

Souhor Tisk data Export data Help

Oteviit data ze souborg data ->tut 0 programu

ozt data z desky data ->csv VEIZE
oEit jako..,

Zaviit

Konec

Obr. 2.17: Hlavni menu Vyhodnoceni dat z tachometru

Pied prvnim pouzitim je tieba nainstalovat ovladaCe zafizeni FTDI, dostupné

na strankach vyrobce (www.FTDIChip.con) nebo na pfilozeném CD. Pro spravnou
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manipulaci s mefici deskou je doporuceno prostudovat si manual k méfici desce,

vypracovany Janem Korejtkem [4].

3. Zhodnoceni dosaZenych vysledkii

Programem bylo provedeno nékolik vyhodnocovani dat z méfici desky, které
byly vetsinou potfizeny v laboratornich podminkach na generatoru funkci. Vyhodnoceni
probihalo bez vétSich potizi. Bylo provedeno i meéfeni na na zkuSebnim stavu brzd
pro kolejova vozidla firmy DAKO a.s.. Toto méfeni se vSak nepovedlo. Pfi¢inou bylo
silné elektromagnetické ruseni, které se nepodafilo odstranit. Pivodné bylo zamysleno

realizovat méfeni na motocyklu, coz se vSak nakonec nepovedlo uskutecnit.

Graf zavislosti rychlosti a otaZek na Case

5 1000 ]

rychlost(km/h), ofacky(nim
=
Q

100 4

Obr. 3.1: Graf naméfenych dat

V prubéhu vyvoje aplikace byly oproti plivodnim predpokladim provedeny
ur¢ité zmény, které byly vynuceny predevsim zménami na méfici desce. Nékteré Casti
programu byly jiz v teoretickém rozboru navrzeny nevyhovujicim zpusobem.
Toto se tykalo hlavné oblasti komunikace, kde nebylo mozno vyzkouset program dfive
nez byl vytvoren komunikacni pfipravek pro mefici desku.

Aplikace spliiuje vSechny body zadani, ale pro vétsi komfort méfeni a pro
dlouhodobéjsi moznosti statistickych vypoc¢tiu by se dala rozsifit o databazi jiz diive

stazenych a ulozenych jizd. Pro komfortn&j3i ovladani a komplexné&j§i pouzivani pfi
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testech by se daly obé& Casti jesté rozsifit. Popfipadé jesté pridat porovnani vice jizd

najednou, napiiklad pro porovnani riiznych projeti stejného tseku.

4, Zavér

Vysledny program je schopen provadét vyhodnocovani dat z méfici desky,
ktera je pfedmétem realizace v bakalaiské praci Jana Korejtka [4]. Aplikace byla
postupné piizpisobovana a modifikovana podle potieby méfici desky a podle uZivatele.
V prubéhu testovani programu se podafilo odladit jeho chod tak, aby byl schopen
bezproblémové komunikovat s méfici deskou a vyhodnotit data, ktera z ni obdrzi.
Pro leps§i ovéfeni by bylo potifeba tuto aplikaci zkouset v del§im Casovém useku,
aby se poznalo ¢o by bylo jesté dobré vylepsit nebo doplnit. Na zakladé dosazenych

vysledka lze povazovat tuto praci za splnénou.
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Welcome to the FTD2XX Programmer's Guide 4

Welcome to the FTD2XX Programmer's Guide

FTDIs "D2XX Direct Drivers" for Windows offer an
alternative solution to our VCP drivers which allows
application software to interface with FT232R USB
UART, FT245R USB FIFO, FT2232C Dual USB
UART/FIFO, FT232BM USB UART, FT245BM USB
FIFO, FT8U232AM USB UART and FT8U245AM
USB FIFO devices using a DLL instead of a Virtual
COM Port.

The architecture of the D2XX drivers consists of a
Windows WDM driver that communicates with the
device via the Windows USB stack and a DLL which
interfaces the application software (written in Visual
C++, C++ Builder, Delphi, VB etc.) to the WDM
driver. An INF installation file, uninstaller program
and D2XX programmers guide complete the
package.

The document is divided into four parts:
o Classic Interface Functions|[ 54 which explains

the original functions with some more recent
additions

e EEPROM Interface (531 which allows application
software to read/program the various fields in the
FT232R/FT245R internnal EEPROM or external
93C46/93C56/93C66 EEPROM for other devices,
including a user defined area which can be used
for application specific purposes.

e Extended API Functions |7 which allow control
of the additional features available from our 2™
generation devices onwards.

e FT-Win32 API 78 which is a more sophisticated
alternative to the Classic Interface - our equivalent
to the native Win 32 API calls that are used to
control a legacy serial port. Using the FT-Win32
API, existing Windows legacy Comms
applications can easily be converted to use the
D2XX interface simply by replacing the standard
Win32 API calls with the equivalent FT-Win32 API
calls.

Please note that the Classic Interface and the
FT-Win32 API interface are alternatives.
Developers should choose one or the other: the two
sets of functions should not be mixed.

Main Differences Between Windows and
Windows CE D2XX Drivers

¢ Location IDs are not supported by Windows CE

e FT_ResetPort and FT_CyclePort are not available
¢ Windows CE does not support overlapped 10 for

© Future Technology Levices international Ltd. 20Ub
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Classic Interface Functions

Introduction

An FTD2XX device is an FT232R USB UART, FT245R USB FIFO, FT2232C Dual USB
UART/FIFO, FT232BM USB UART, FT245BM USB FIFO, FT8U232AM USB UART or
FT8U245AM USB FIFO interfacing to Windows application software using FTDIs WDM driver
FTD2XX.SYS. The FTD2XX.SYS driver has a programming interface exposed by the dynamic link
library FTD2XX.DLL and this document describes that interface.

Overview

FT ListDevices| 8 returns information about the FTDI devices currently connected. In a system
with multiple devices this can be used to decide which of the devices the application software
wishes to access (using FT_OpenEx below).

Before the device can be accessed, it must first be opened. FT_Open!tfl and FT_OpenEx] 2]
return a handle that is used by all functions in the Classic Programming Interface to identify the
device. When the device has been opened successfully, I/O can be performed using FT_Read [151
and FT_Write|171. When operations are complete, the device is closed using FT_Close|14].

Once opened, additional functions are available to reset the device (FT_ResetDevice [11); purge
receive and transmit buffers (FT_Purge[291); set receive and transmit timeouts
(FT_SetTimeouts|301); get the receive queue status (FT GetQueueStatusl?ﬁ)’L%et the device
status (FT_GetStatus|241); set and reset the break condition (FT_SetBreakOn|32],
FT_SetBreakOff|#1); and set conditions for event notification (FT_SetEventNotification [351).

For FT232R devices, FT2232C devices used in UART mode, FT232BM and FT8U232AM devices,
functions are available to set the Baud rate (FT_SetBaudRate[11), and set a non-standard Baud
rate (FT_SetDivisor|201); set the data characteristics such as word length, stop bits and parity
(FT_SetDataCharaciteristics Eﬁ); set hardware or software handshaking (FT SetFIowControl@‘l);
set modem control signals (FT_SetDtr(231, FT_CIrDtr[241, FT_SetRts|251, FT_CIrRts|261); get
modem status (FT_GetModemStatus|271); set special characters such as event and error
characters (FT_SetChars|28)).

For FT245R devices, FT2232C devices used in FIFO mode, FT245BM and FT8U245AM devices,
these functions are redundant and can effectively be ignored.

Reference
Type definitions 105 of the functional parameters and return codes used in the D2XX classic
programming interface are contained in the appendix/104.

© Future Technology Devices International Ltd. 2006
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21  FT_SetVIDPID

A Linux specific command to include your own VID and PID within the internal device list table.

FT_STATUS FT_SetVIDPID (DWORD dwVID, DWORD dwPID)

Parameters
dwViD Device VID.
dwPID Device PID.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

The driver will support a limited set of VID and PID matched devices (VID 0x0403 with PIDs
0x6001, 0x6010, 0x6006 only). In order to use the driver with alternative VID and PIDs the
FT_SetVIDPID function must be used prior to calling FT_ListDevices| &1, FT_Open/1f,
FT_OpenEx[131 or FT_CreateDevicelnfoList[48,

© Future Technology Devices International Ltd. 2006
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2.2

FT_GetVIDPID

A Linux specific command to retrieve the current VID and PID within the internal device list table.

FT_STATUS FT_GetVIDPID (DWORD * pdwVID, DWORD * pawPID)

Parameters
pawVID Pointer to DWORD that will contain the internal VID.
pdwPID Pointer to DWORD that will contain the internal PID.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
See FT_SetVIDPIDI 64,

© Future Technology Devices International Ltd. 2006
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2.3

FT_ListDevices

Get information conceming the devices currently connected. This function can return information
such as the number of devices connected, the device serial number and device description strings,
and the location IDs of connected devices.

FT_STATUS FT_ListDevices (PVOID pvArg1, PVOID pvArg2, DWORD dwFlags)

Parameters

pvArg1 Meaning depends on dwFlags.

pVArg2 Meaning depends on dwFlags.

dwFlags Determines format of returned information.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function can be used in a number of ways to return different types of information. A more
powerful way to get device information is to use the FT_CreateDevicelnfoList[451,
FT_GetDevicelnfoList[41 and FT_GetDevicelnfoDetail5t functions as they return all the available
information on devices.

In its simplest form, it can be used to return the number of devices currently connected. If
FT_LIST_NUMBER_ONLY bit is set in dwFlags, the parameter pvArg1 is interpreted as a pointer
to a DWORD location to store the number of devices currently connected.

It can be used to return device information: if FT_OPEN_BY_SERIAL_NUMBER bit is set in
dwFlags, the serial number string will be retumed; if FT_OPEN_BY_DESCRIPTION bit is set in
dwFlags, the product description string will be returned; if FT_OPEN_BY_LOCATION bit is set in
dwFlags, the Location ID will be returned; if none of these bits is set, the serial number string will
be returned by default.

It can be used to return device string information for a single device. If FT_LIST_BY_INDEX and
FT_OPEN_BY_SERIAL_NUMBER or FT_OPEN_BY_DESCRIPTION bits are set in dwFlags, the
parameter pvArg1 is interpreted as the index of the device, and the parameter pvArg2 is
interpreted as a pointer to a buffer to contain the appropriate string. Indexes are zero-based, and
the error code FT_DEVICE_NOT_FOUND is returned for an invalid index.

It can be used to return device string information for all connected devices. If FT_LIST_ALL and
FT_OPEN_BY_SERIAL_NUMBER or FT_OPEN_BY_DESCRIPTION bits are set in dwFlags, the
parameter pvArg1 is interpreted as a pointer to an amray of pointers to buffers to contain the
appropriate strings and the parameter pvArg2 is interpreted as a pointer to a DWORD location to
store the number of devices currently connected. Note that, for pvArg7, the last entry in the array
of pointers to buffers should be a NULL pointer so the array will contain one more location than the
number of devices connected.

The location ID of a device is returned if FT_LIST_BY_INDEX and FT_OPEN_BY_LOCATION bits
are set in dwFlags. In this case the parameter pvArg1 is interpreted as the index of the device, and
the parameter pvArg2 is interpreted as a pointer to a variable of type long to contain the location

© Future Technology Devices International Ltd. 2006
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ID. Indexes are zero-based, and the error code FT_DEVICE_NOT_FOUND is returned for an
invalid index. Please note that Windows CE and Linux do not support location IDs.

The location IDs of all connected devices are returned if FT_LIST_ALL and
FT_OPEN_BY_LOCATION bits are set in dwFlags. In this case, the parameter pvArg? is
interpreted as a pointer to an array of variables of type long to contain the location IDs, and the
parameter pvArg2 is interpreted as a pointer to a DWORD location to store the number of devices
currently connected.

Examples
The examples that follow use these variables.

FT STATUS ftStatus;
DWORED numDevs;

Get the number of devices currently connected

ftstatus = FT_ListDevices (4numDevs, NULL, FT_LIST NUMBER CNLY);
if (ftStatus == FT_OK) ({
// FT ListDevices OK, number of devices connected is in numbDevs

1&g

@ —

{
// FT ListDevices failed

Get serial number of first device

DWORD devIndex = 0; // first device
char Buffer[64]; // more than enough room!

ftStatus =
FT ListDevices ((PVCID)devIndex,Buffer,FT LIST BY INDEX|FT CPEN BY SERIAL NUMBER) ;
if (ftStatus == FT_OK) {

// FT ListDevices 0K, serial number is in Buffer

Note that indexes are zero-based. If more than one device is connected, incrementing devindex
will get the serial number of each connected device in turn.

Get device descriptions of all devices currently connected

char *BufPtrs[3]; // polnter to array of 3 pointers
char Bufferl[64]; // buffer for descripticon of first device
char Buffer2[&4]; // buffer for descripticon of second device

// initialize the array of pointers

BufPtrs[0] = Bufferl;

BufPtrs[1] Bufferz;

BufPtrs[2] NULL; /4 last entry should be NULL

ftStatus = FT ListDevices (BufPtrs, &numbDevs,FT LIST ALL|FT CPEN BY DESCRIPTICN);
if (ftStatus == FT_OK) {
// FT_ListDevices OK, product descriptions are in Bufferl and Buffer2, and
// numDevs contains the number of devices connected

1&g

@ —

{
// FT ListDevices failed
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Note that this example assumes that two devices are connected. If more devices are connected,
then the size of the array of pointers must be increased and more description buffers allocated.

Get locations of all devices currently connected

long locIdBuf[16];

ftStatus = FT ListDevices (locIdBuf, énumDevs, FT LIST ALL|FT CPEN BY LOCATICN);
if (ftStatus == FT_CK)} {

// FT ListDevices 0K, location IDs are in locIdBuf, and

// numDevs ceontains the number of devices connected

alase |
// FT ListDevices failed
}

Note that this example assumes that no more than 16 devices are connected. If more devices are
connected, then the size of the array of pointers must be increased.
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FT_Open
Open the device and return a handle which will be used for subsequent accesses.

FT_STATUS FT_Open (int iDevice, FT_HANDLE *ftHandle)

Parameters

iDevice Must be 0 if only one device is attached. For multiple devices 1,
2 etc.

ftHandle Pointer to a variable of type FT_HANDLE where the handle will

be stored. This handle must be used to access the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
Although this function can be used to open multiple devices by setting iDevice to 0, 1, 2 etc. there
is no ability to open a specific device. To open named devices, use the function FT_OpenEx/131.

Example
This sample shows how to open a device.

FT HANDLE ftHandle;
FT _STATUS ftstatus;

ftStatus = FT_Open (0, &ftHandle);
if (ftStatus == FT_OK) {
// FT _Open OK, use ftHandle to access device

l=a

o

// FT _Open failed
}
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2.5

FT_OpenEx

Open the specified device and return a handle that will be used for subsequent accesses. The
device can be specified by its serial number, device description or location.

This function can also be used to open multiple devices simultaneously. Multiple devices can be
opened at the same time if they can be distinguished by serial number or device description.
Alternatively, multiple devices can be opened at the same time using location IDs - location
information derived from their physical locations on USB. Location IDs can be obtained using the
utility USBView and are given in hexadecimal format.

FT_STATUS FT_OpenEx (PVOID pvArg1, DWORD dwFlags, FT_HANDLE *ftHandle)

Parameters

pvArg1 Meaning depends on dwFlags, but it will normally be
interpreted as a pointer to a null terminated string.

dwFlags FT_OPEN_BY_SERIAL_NUMBER,
FT_OPEN_BY_DESCRIPTION or FT_OPEN_BY_LOCATION.

ftHandle Pointer to a variable of type FT_HANDLE where the handle will

be stored. This handle must be used to access the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

The meaning of pvArg7 depends on dwFlags: if dwFlags is FT_OPEN_BY_SERIAL_NUMBER,
pvArg1 is interpreted as a pointer to a null-terminated string that represents the serial number of
the device; if dwFlagsis FT_OPEN_BY_DESCRIPTION, pvArg1 is interpreted as a pointerto a
null-terminated string that represents the device description; if dwFlags is
FT_OPEN_BY_LOCATION, pvArgt is interpreted as a long value that contains the location ID of
the device. Please note that Windows CE and Linux do not support location IDs.

ftHandle is a pointer to a variable of type FT_HANDLE where the handle is to be stored. This
handle must be used to access the device.

Examples
The examples that follow use these variables.

FT STATUS ftStatus;
FT STATUS ftStatus2;
FT HANDLE ftHandlel;
FT HANDLE ftHandleZ;
long dwlLoc;

Open a device with serial number "FT000001"
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if (ftStatus == FT_OK) {
// success - device with serial number "FT000001" is open

o —
=
m
o

L Tatlure

Open a device with device description "USB Serial Converter"

ftStatus = FT_CpenEx ("USB Serial Converter",FT OPEN BY DESCRIPTION, &ftHandlel);
if (ftStatus == FT_OK) ({
// success - device with device description "USB Serial Converter"™ is open

@O -
—
ol
i

// failure

Open 2 devices with serial numbers "FT000001" and "FT999999"

= FT OLEUE{l"FTQQQQQQ" FT_OEEN_BH_CERI L_NUMBER GftHaﬂdlv 1
t”tatu* == FT OK && ftStatus2 FT CKj f{

H1m W
rr
N

// failure - one or both of the devices has not been opened

Open 2 devices with descriptions "USB Serial Converter" and "USB Pump Controller"

ftStatus = FT_CpenEx ("USB Serial Converter",FT OPEN BY DESCRIPTION, &ftHandlel);
ftStatusz = FT OpvﬂE}f"U 5B Pump buﬂtLullrI",FT OEEN BY DESCRIPTION, &#ftHandle2);
if (ftStatus == FT OK && ftStatus? FT CK) {

//{ success - both devices are open
}
else |

// failure - one or both of the devices has not been opened

Open a device at location 23

dwloc = 0x23;
ft8tatus = FT_CpenkEx (dwlLoc, FT_CPEN BY LCCATION, &ftHandlel);
if (ftStatus == FT_OK) {

// success - device at location 23 is open

@ -
ik
ol
i

// failure

Open 2 devices at locations 23 and 31

dwlLoc = 0x23;
ftStatus = FT_OpenEx (dwLoc,FT_OFEN BY LOCATION,&ftHandlel);

dwLoc = 0x31;
ft8tatus2 = FT_CpenkEx {dwlLoc, FT_CPEN BY LOCATION, &ftHandleZl);
if (ftStatus == FT_OK && ftctatu 20 ==0PT CHK): {
// success - both devices are open
}
else {
// failure - one or both of the devices has not beesn opened
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26 FT_Close

Close an open device.

FT_STATUS FT_Close (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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2.7

FT_Read

Read data from the device.

FT_STATUS FT_Read (FT_HANDLE ftHandle, LPVOID IpBuffer, DWORD dwBytesToRead,
LPDWORD /pdwBytesReturned)

Parameters

ftHandle Handle of the device.

IpBuffer Pointer to the buffer that receives the data from the device.
dwBytesToRead Number of bytes to be read from the device.
IpdwBytesReturned Pointer to a variable of type DWORD which receives the

number of bytes read from the device.

Return Value
FT_OK if successful, FT_IO_ERROR otherwise.

Remarks
FT_Read always returns the number of bytes read in JodwBytesReturned.

This function does not return until dwBytesToRead have been read into the buffer. The number of
bytes in the receive queue can be determined by calling FT_GetStatus/34) or
FT_GetQueueStatus(3t, and passed to FT_Read[151 as dwBytesToRead so that the function
reads the device and returns immediately.

When a read timeout value has been specified in a previous call to FT_SetTimeouts|3d7,
FT_Read/51 retums when the timer expires or dwBytesToRead have been read, whichever occurs
first. If the timeout occurred, FT_Read /151 reads available data into the buffer and returns F7_OK.

An application should use the function return value and /lpdwBytesReturned when processing the
buffer. If the return value is FT_OK, and IpdwBytesReturned is equal to dwBytesToRead then
FT_Read [ has completed normally. If the return value is FT_OK, and [pdwBytesReturned is
less then dwBytesToRead then a timeout has occurred and the read has been partially completed.
Note that if a timeout occurred and no data was read, the return value is still F7_OK.

A return value of FT_IO_ERROR suggests an error in the parameters of the function, or a fatal
error like USB disconnect has occurred.

Example
This sample shows how to read all the data currently available.

FT HANDLE ftHandle;
FT_STATUS ftStatus;
DWORD EventDWord;
IWORD TxBytes;

DWORD BytesReceived;
char BxBuffer[256];
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ftStatus = FT Open(0, &ftHandle);

1 {fEt8tatus =.ET QK
// FT COpen failed
return;

}

FT GetStatus (ftHandle, &4RxBytes, &TxBytes, &EventDWord) ;
1f (RxBytes > 0} {
ftStatus = FT Read(ftHandle,RxBuffer,RxBytes, aBytesReceived);
if (ftStatus == FT _CK) |
// FT_Read CK

h
else

{
// FT_Read Failed
I

FT Close (ftHandle);

This sample shows how to read with a timeout of 5 seconds.

FT HANDLE ftHandle;
FT STATUS ftStatus;
DWORD RxBytes = 10;
DWORD BytesReceived;
char RxBuffer[25€];

ftStatus = FT Open(0, &ftHandle);
if (ft3tatus !'= FT_OK) |

// FT_Cpen failed

return;

}

FT SetTimeouts (ftHandle,5000,0);
ftstatus = FT_Read[ftHandle,RxBuffer,RxBytes,&BytesReceivedJ;
if (ftStatus == FT_OK) {
if (BytesReceived == RxBytes) {
// FT Read CK

1
else

// FT_Read Timeout

// FT _Read Failed

FT Close(ftHandle);
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2.8

FT_Write

Write data to the device.

FT_STATUS FT_Write (FT_HANDLE ftHandle, LPVOID JpBuffer, DWORD dwBytesToWrite,

Parameters
fiHandle

IpBuffer

dwBytesToWrite
IpdwBytesWritten

Return Value

LPDWORD [pdwBytesWritten)

Handle of the device.

Pointer to the buffer that contains the data to be written to the
device.

Number of bytes to write to the device.

Pointer to a variable of type DWORD which receives the
number of bytes written to the device.

FT_OK if successful, otherwise the return value is an FT error code.
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29 FT_ResetDevice

This function sends a reset command to the device.

FT_STATUS FT_ResetDevice (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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210 FT_SetBaudRate

This function sets the Baud rate for the device.

FT_STATUS FT_SetBaudRate (FT_HANDLE ftHandle, DIWORD dwBaudRate)

Parameters
ftHandle Handle of the device.
dwBaudRate Baud rate.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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2.1

FT_SetDivisor

This function sets the Baud rate for the device. It is used to set non-standard Baud rates.

FT_STATUS FT_SetDivisor (FT_Handle ffHandle, USHORT usDivisor)

Parameters
ftHandle Handle of the device.
usDivisor Divisor.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

The application note "Setting Baud rates for the FT8U232AM" is available from the

Application Notes section of the FTDI website describes how to calculate the divisor for a non-
standard Baud rate.
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212

FT_SetDataCharacteristics

This function sets the data characteristics for the device.

FT_STATUS FT_SetDataCharacteristics (FT_HANDLE ftHandle, UCHAR uWordLength,

Parameters
fiHandle

uWordLength
uStopBits

uParity

Return Value

UCHAR uStopBits, UCHAR uParity)

Handle of the device.

Number of bits per word - must be FT_BITS_8 or FT_BITS_7.
Number of stop bits - must be FT_STOP_BITS_1 or
FT_STOP_BITS_2.

FT_PARITY_NONE, FT_PARITY_ODD, _FT_PARITY_EVEN,
FT_PARITY_MARK, FT_PARITY SPACE.

FT_OK if successful, otherwise the return value is an FT error code.
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213 FT_SetFlowControl

This function sets the flow control for the device.

FT_STATUS FT_SetFlowControl (FT_HANDLE ftHandle, USHORT usFlowControl, UCHAR
uXon,UCHAR uXoff)

Parameters

ftHandle Handle of the device.

usFlowControl Must be one of FT_FLOW_NONE, FT_FLOW_RTS_CTS,
FT_FLOW_DTR_DSR or FT_FLOW_XON_XOFF.

uXon Character used to signal Xon. Only used if flow control is
FT_FLOW_XON_XOFF.

uXoff Character used to signal Xoff. Only used if flow control is

FT_FLOW_XON_XOFF.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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214

FT_SetDtr

This function sets the Data Terminal Ready (DTR) control signal.

FT_STATUS FT_SetDtr (FT_HANDLE ftHandle)

Parameters

ftHandle Handle of the device.

Return Value

FT_OK if successful, otherwise the return value is an FT error code.

Example

This sample shows how to set DTR.

FT HANDLE ftHandle;
FT STATUS ftStatus;

s = FT_Cpen(0, &ftHandle):
tus != FT QK |
/ FT_Open failed
return;
ft8tatus = FT_SetDtr (ftHandle):
if (ftStatus == FT_OK) {
/f FT_SetDtr CK

1lse

@

{
// FT_SetDtr failed
]

FT Close (ftHandle);
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215 FT_CirDtr

This function clears the Data Terminal Ready (DTR) control signal.

FT_STATUS FT_CIrDtr (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Example
This sample shows how to clear DTR.

FT HANDLE ftHandle;
FT STATUS ftStatus;

= FT Cpen(0, &ftHandle);
tus != FT OE) |

/ FT_Open failed

return;

ftStatus = FT ClrDtr (ftHandle);
if (ftStatus == FT_OK) ({
// FT_ClrDtr OK

Bt

lae |
// FT_ClrDtr failed
}

FT Close(ftHandle);
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2.16

FT_SetRts

This function sets the Request To Send (RTS) control signal.

FT_STATUS FT_SetRts (FT_HANDLE ftHandle)

Parameters

ftHandle Handle of the device.

Return Value

FT_OK if successful, otherwise the return value is an FT error code.

Example
This sample shows how to set RTS.

FT HANDLE ftHandle;
FT STATUS ftStatus;

s = FT_Cpen(0, &ftHandle):
tus != FT OE) |

/ FT_Open failed

return;

ftStatus = FT SetRts (ftHandle);
if (ftStatus == FT_OK) ({
// FT_SetRts CK

Bt

l=a

// FT_SetRts failed
}

FT Close (ftHandle);
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217 FT_CIrRts
This function clears the Request To Send (RTS) control signal.

FT_STATUS FT_CIrRts (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Example
This sample shows how to clear RTS.

FT HANDLE ftHandle;
FT STATUS ftStatus;

s = FT_Cpen(0, &ftHandle):
tus != FT QK |

/ FT_Open failed

return;

ftStatus = FT ClrRts (ftHandle);
if (ftStatus == FT_OK) ({
// FT_ClrRts OK

[t

lae |
// FT_ClrRts failed
}

FT Close (ftHandle);
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218 FT_GetModemsStatus

Gets the modem status from the device.

FT_STATUS FT_GetModemStatus (FT_HANDLE ftHandle, LPDWORD IpdwModemStatus)

Parameters
ftHandle Handle of the device.

IpdwModemStatus Pointer to a variable of type DWORD which receives the
modem status from the device. Status lines are bit-mapped as
follows:

CTS =0x10
DSR = 0x20
RI = 0x40

DCD = 0x80

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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219 FT_SetChars

This function sets the special characters for the device.

FT_STATUS FT_SetChars (FT_HANDLE ftHandle, UCHAR uEventCh, UCHAR uEventChEn,
UCHAR uErrorCh, UCHAR uErrorChEn)

Parameters
fiHandle

uEventCh
uEventChEn
uErrorCh
uErrorChEn

Return Value

Handle of the device.
Event character.

0 if event character disabled, non-zero otherwise.
Error character.

0 if error character disabled, non-zero otherwise.

FT_OK if successful, otherwise the return value is an FT error code.
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2.20 FT_Purge

This function purges receive and transmit buffers in the device.

FT_STATUS FT_Purge (FT_HANDLE ftHandle, DWORD dwMask)

Parameters
ftHandle Handle of the device.
dwMask Any combination of FT_PURGE_RX and FT_PURGE_TX.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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2.21 FT_SetTimeouts

This function sets the read and write timeouts for the device.

FT_STATUS FT_SetTimeouts (FT_HANDLE fiHandle, DIWORD dwRead Timeout, DWORD

dwWrite Timeout)
Parameters
fiHandle Handle of the device.
dwReadTimeout Read timeout in milliseconds.
dwWrite Timeout Write timeout in milliseconds.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Example
This sample shows how to set a read timeout of 5 seconds and a write timeout of 1 second.

FT HANDLE ftHandle;
FT STATUS ftstatus;

ftStatus = FT Open(0, aftHandle);
if (ftStatus != FT_OK) ({

// FT COpen failed

return;
1
ftStatus = FT_SetTimeouts (ftHandle, 5000,1000);
if (ftStatus == FT_OK) {

// FT_SetTimeouts CK

/4 FT_SetTimeouts failed

FT Close(ftHandle);
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2.22 FT_GetQueueStatus

Gets the number of characters in the receive queue.

FT_STATUS FT_GetQueueStatus (FT_HANDLE ftHandle, LPDWORD

IpdwAmountinRxQueue)
Parameters
ftHandle Handle of the device.
IpdwAmountinRxQueue Pointer to a variable of type DWORD which receives the

number of characters in the receive queue.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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2.23 FT_SetBreakOn
Sets the BREAK condition for the device.

FT_STATUS FT_SetBreakOn (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Example
This sample shows how to set the BREAK condition for the device.

FT HANDLE ftHandle;
FT STATUS ftStatus;

s = FT_Cpen(0, &ftHandle):
tus != FT OE) |

/ FT_Open failed

return;

ftStatus = FT_SetBreakOn(ftHandle);
if (ftStatus == FT_OK) {
// FI_SetBreakOn CK

Bt

l=a

/

T e

FT SetBreakOn failed
}

FT Close(ftHandle);
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2.24

FT_SetBreakOff
Resets the BREAK condition for the device.

FT_STATUS FT_SetBreakOff (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value

FT_OK if successful, otherwise the return value is an FT error code.

Example

This sample shows how to reset the BREAK condition for the device.

FT HANDLE ftHandle;
FT STATUS ftStatus;

s = FT_Cpen(0, &ftHandle):
tus != FT OE) |

/ FT_Open failed

return;

ftStatus = FT_SetBreakOff (ftHandle);
if (ftStatus == FT_OK) {
// FI_SetBreakOff COK

Bt

l=a

/

T e

FT SetBreakOff failed
}

FT Close(ftHandle);
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2.25 FT_GetStatus

Gets the device status including number of characters in the receive queue, number of characters
in the transmit queue, and the current event status.

FT_STATUS FT_GetStatus (FT_HANDLE ftHandle, LPDWORD IpdwAmountinRxQueue,
LPDWORD IpdwAmountinTxQueue, LPDWORD IpdwEventStatus)

Parameters

ftHandle Handle of the device.

IpdwAmountinRxQueue Pointer to a variable of type DWORD which receives the
number of characters in the receive queue.

IpdwAmountinTxQueue Pointer to a variable of type DWORD which receives the
number of characters in the transmit queue.

IpdwEventStatus Pointer to a variable of type DWORD which receives the

current state of the event status.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
For an example of how to use this function, see the sample code in FT_SetEventNotification381.
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2.26

FT_SetEventNotification

Sets conditions for event notification.

FT_STATUS FT_SetEventNotification (FT_HANDLE fiHandle, DIWORD dwEventMask, PVOID

PVArg)
Parameters
ftHandle Handle of the device.
dwEventMask Conditions that cause the event to be set.
pvArg Interpreted as the handle of an event.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

An application can use this function to setup conditions which allow a thread to block until one of
the conditions is met. Typically, an application will create an event, call this function, then block on
the event. When the conditions are met, the event is set, and the application thread unblocked.

dwEventMask is a bit-map that describes the events the application is interested in. pvArg is
interpreted as the handle of an event which has been created by the application. If one of the
event conditions is met, the event is set.

If FT_EVENT_RXCHAR is set in dwEventMask, the event will be set when a character has been
received by the device. If FT_EVENT_MODEM_STATUS is set in dwEventMask, the event will be
set when a change in the modem signals has been detected by the device.

Windows and Windows CE Example
This example shows how to wait for a character to be received or a change in modem status.

First, create the event and call FT_SetEventNotification.

FT HANDLE ftHandle; // handle of an open device
FT_STATUS ftitatus;

HANDLE hEvent;

LWORD EventMask;

hEvent = CreateEvent (
NULL,
false, // auto-reset event
false, // non-szignalled state
iR
1
EventMask = FT EVENT R¥CHAR | FT_EVENT MODEM STATUS;
ftStatus = FT SetEventNotification{ftHandle,EventMask,hEvent);
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Sometime later, block the application thread by waiting on the event, then when the event has
occurred, determine the condition that caused the event, and process it accordingly.

WaltForSingleChject (hEvent, INFINITE) ;

DWORD EventDWord;
IWORD RxBytes;
IWORD TxBytes;

FT GetStatus (ftHandle, &4RxBytes, &TxBytes, &EventDWord) ;
if (EventDWord & FT _EVENT MCDEM STATUS) {
/4 modem status event detected, so get current modem status
FT GetModemStatus (ftHandle, &3tatus);
if (Status & 0x00000010)
// CTS is high

© -

lse {
/7 CT8 is low
1
f;
if (Status & 0x00000020) {
// DSR is high

t
glge |
// DSR is low

t
1
if (RxBytes > 0)

// call FT Read(] to get received data from device
]

Linux Example
This example shows how to wait for a character to be received or a change in modem status.

First, create the event and call FT_SetEventNotification.

FT HANDLE ftHandle;
FT STATUS ftStatus;
EVENT HANDLE eh;
DWORD EventMask;

ftStatus = FT Open(0, &ftHandle);

if(ftStatus != FT_OK) {
// FT COpen failed
return;

!

pthread mutex init (&eh.eMutex, NULL);
pthread cond init(&eh.eCondVar, NULL);

EventMazk = FT EVENT R¥CHAR | FT_EVENT MODEM STATUS;
ftStatus = FT_SetEventNetification(ftHandle, EwventMask, (PVOID)é&eh);

Sometime later, block the application thread by waiting on the event, then when the event has
occurred, determine the condition that caused the event, and process it accordingly.

pthread mutex lock{&eh.eMutex);
pthread_cond_wait[&eh.eCQndVar, s&eh.eMutex) ;
pthread mutex unlock(&eh.eMutex);

DWORD EventDWord;
IWORD RxBytes;
IWORD TxBytes;
DWORED Status;
FT GetStatus (ftHandle, &RxBytes, &TxBytes, &EventDWord) ;
if (EventDWord & FT EVENT MODEM STATUS) {
/4 modem status event detected, so get current modem status
FT GetModemStatus (ftHandle,&Status);
if (Status & 0x00000010) {
#f ETs s high

Do

lse |
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ff CTSds low
1

// DSR is high

Do~

lse |
// DSR is low

}
if [(RxBytes = 0) {
// call FT Read() to get received data from device

}

FT Close (ftHandle);
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2.27 FT_loCtl

Undocumented function.

FT_STATUS FT_loCtl (FT_HANDLE ftHandle, DWORD dwloControlCode, LPVOID IpinBuf,
DWORD ninBufSize, LPVOID IpOutBuf, DWORD nOutBufSize,
LPDWORD IpBytesReturned, LPOVERLAPPED IpOverfapped)
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2.28 FT_SetWaitMask

Undocumented function.

FT_STATUS FT_SetWaitMask (FT_HANDLE fiHandle, DWORD dwMask)
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2.29 FT_WaitOnMask

Undocumented function.

FT_STATUS FT_WaitOnMask (FT_HANDLE ftHandle, DWORD dwMask)
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2.30

FT_GetDevicelnfo

Get device information.

FT_STATUS FT_GetDevicelnfo (FT_HANDLE ftHandle, FT_DEVICE *pftType, LPDWORD
IpdwiD, PCHAR pcSerialNumber, PCHAR pcDescription,

PVOID pvDummy)

Parameters

ftHandle Handle of the device.

pftType Pointer to unsigned long to store device type.

Ipdwid Pointer to unsigned long to store device ID.

pcSerialNumber Pointer to buffer to store device serial number as a null-
terminated string.

pcDescription Pointer to buffer to store device description as a null-terminated
string.

pvDummy Reserved for future use - should be set to NULL.

Return Value

FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function is used to return the device type, device ID, device description and serial number.

The device ID is encoded in a DWORD - the most significant word contains the vendor ID, and the
least significant word contains the product ID. So the returned ID 0x04036001 corresponds to the

device ID VID_0403&PID_6001.

Example

This example shows how to get information about a device.

FT HANDLE ftHandle;
FT DEVICE ftDevice;
FT STATUS ftStatus;
DWORD deviceID;

char SerialMumber([16];
char Description[é4];

ft8tatus = FT _Cpen(0, &ftHandle);
if (ftstatus != FT_OK) {

// FT Open failed

return;

}

ftStatus = FT GetDeviceInfo(
ftHandle,
sftDevice,
sdevicelIlD,
SerialNumber,
Description,
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if (ftStatus == FT_OK) {
if (ftDevice == FT_DEVICE_2232CJ
s // device 15 FTZ2232C
elze 1f (ftDevic FT DEVICE_EM)
: // devi 5 FTU232BM
else if (ftDevice FT_DEVICE AM)
; // device i= FTBU232RM

; // unknown de

// devicelD contains encoded device ID

/ BerialMumber, Descripticn contain O-terminated strings

@O o
juk}
o
i

// FT_GetDeviceType FRILED!
1

FT Close (ftHandle);

rice (this should not happen!)
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2.31 FT_SetResetPipeRetryCount
Set the ResetPipeRetryCount.

FT_STATUS FT_SetResetPipeRetryCount (FT_HANDLE ftHandle, DWORD dwCount)

Parameters
ftHandle Handle of the device.
dwCount Unsigned long containing required ResetPipeRetryCount.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function is used to set the ResetPipeRetryCount. ResetPipeRetryCount controls the
maximum number of times that the driver tries to reset a pipe on which an error has occurred.
ResetPipeRequestRetryCount defaults to 50. It may be necessary to increase this value in noisy
environments where a lot of USB errors occur.

Not available in Linux.

Example

This example shows how to set the ResetPipeRetryCount to 100.

FT HANDLE ftHandle; // wvalid handle returned from FT OpenEx
FT_STATUS ftsStatus;
DWORD dwRetryCount;

dwRetryCount = 100;
ftStatus = FT_SetResetPipeRetryCount (ftHandle, dwRetryCount);
if (ftStatus == FT_OK) {
// ResetPipeRetryCount set to 100
else {
// FT_SetResetPipeRetryCount FAILED!
}

© Future Technology Devices International Ltd. 2006



Classic Interface Functions 44

2.32 FT_StopInTask
Stops the driver's IN task.

FT_STATUS FT_StopinTask (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function is used to put the driver's IN task (read) into a wait state. It can be used in situations
where data is being received continuously, so that the device can be purged without more data
being received. It is used together with FT_RestartinTask 451 which sets the IN task running again.

Example

This example shows how to use FT_StopInTask.

FT HANDLE ftHandle;
FT _STATUS ftstatus;

ftStatus = FT _Open(0, aftHandle);
if (ftStatus != FT_OK) {

// FT COpen failed

return;

ftstatus = FT_StopInTask({ftHandle):
} while (ftStatus != FT OK);

// Do something — for example purge device
/

do |
ftstatus = FT_RestartInTask(ftHandle):
} while (ftStatus != FT OK);

FT Close (ftHandle);
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2.33

FT_RestartinTask
Restart the driver's IN task.

FT_STATUS FT_RestartinTask (FT_HANDLE ftHandle)

Parameters

ftHandle Handle of the device.

Return Value

FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function is used to restart the driver's IN task (read) after it has been stopped by a call to

FT_StopInTask/4,

Example

This example shows how to use FT_RestartinTask.

FT HANDLE ftHandle;
FT STATUS ftStatus;

ft8tatus = FT_Cpen(0, &ftHandle);
if (ft8tatus 1= FT OK)
// FT_Open failed
return;
}
do |
ftStatus = FT_StopInTask(ftHandle);
} while (ftStatus != FT_CK);
I
// Do something - for example purge device
.-".’ .-".’
do |
ftStatus = FT RestartInTask(ftHandle);
} while (ftStatus != FT_CK);
FT Close (ftHandle);
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2.34 FT_ResetPort

Send a reset command to the port.

FT_STATUS FT_ResetPort (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
This function is used to attempt to recover the port after a failure. It is not equivalent to an unplug-
replug event.

Not available in Windows CE and Linux.

Example

This example shows how to reset the port.

FT HANDLE ftHandle; // walid handle returned from FT_CpenEx
FT STATUS ftStatus;

ftstatus = FT_ResetPort (ftHandle):

if [(ftStatus == FT OE) |

// Port has been reset
else {
// FT ResetPort FAILED!
1
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2.35

FT_CyclePort

Send a cycle command to the USB port.

FT_STATUS FT_CyclePort (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

The effect of this function is the same as disconnecting then reconnecting the device from USB.
Possible use of this function is in situations where a fatal error has occurred and it is difficult, or not
possible, to recover without unplugging and replugging the USB cable. This function can also be
used after re-programming the EEPROM to force the FTDI device to read the new EEPROM
contents which previously required a physical disconnect-reconnect.

As the current session is not restored when the driver is reloaded, the application must be able to
recover after calling this function.

Not available in Windows 98, Windows CE and Linux.,

For FT2232C devices, FT_CyclePort will only work under Windows XP and later.

Example

This example shows how to cycle the port.

FT HANDLE ftHandle; // walid handle returned from FT_CpenEx
FT STATUS ftStatus;

ftstatus = FT_CyclePort (ftHandle):

if (ftStatus == FT_OK) {

// Port has been cycled.

// FT CyclePort FAILED!
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2.36 FT_CreateDevicelnfoList

This function builds a device information list and returns the number of D2XX devices connected to
the system. The list contains information about both unopen and open devices.

FT_STATUS FT_CreateDevicelnfoList (LPDWORD /pdwNumDevs)

Parameters

IpdwNumDevs Pointer to unsigned long to store the number of devices
connected.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

An application can use this function to get the number of devices attached to the system. It can
then allocate space for the device information list and retrieve the list using

FT GetDevicelnfoList[ 4.

If the devices connected to the system change, the device info list will not be updated until
FT_CreateDevicelnfoList[+8 is called again.

Example

This example shows how to call FT_CreateDevicelnfoList.

FT_STATUS ftsStatus;
DWORD numDevs;

il
// create the device information list
/)
e
ftstatus = FT_CreateDeviceInfoList(&numDevsJ;
if (ftStatus == FT_CK)} {
printf ("Number of devices is $d\n",numbDevs);
}
alse |

// FT CreateDeviceInfolist failed
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2.37

FT_GetDevicelnfoList

This function returns a device information list and the number of D2XX devices in the list.

FT_STATUS FT_GetDevicelnfo (FT_DEVICE_LIST_INFO_NODE *pDest, LPDWORD

IpdwNumDevs)

Parameters

*pDest Pointer to an array of FT_DEVICE_LIST_INFO_NODE
structures.

IpdwNumbDevs Pointer to the number of elements in the array.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function should only be called after calling FT_CreateDevicelnfoList[41. If the devices
connected to the system change, the device info list will not be updated until
FT_CreateDevicelnfoList[ is called again.

Location ID information is not retumed for devices that are open when FT_CreateDevicelnfoList| 48
is called.

The array of FT_DEVICE_LIST_INFO_NODES contains all available data on each device. The
structure of FT_DEVICE_LIST_INFO_NODES is given in the Appendix[i05. The storage for the list
must be allocated by the application. The number of devices returned by
FT_CreateDevicelnfoList[48 can be used to do this.

When programming in Visual Basic, LabVIEW or similar languages, FT_GetDevicelnfoDetail 51
may be required instead of this function.

Please note that Windows CE and Linux do not support location IDs. As such, the Location
ID parameter in the structure will be empty under Windows CE and Linux.

Example

This example shows how to call FT_GetDevicelnfoList.

FT STATUS ftStatus;
FT DEVICE LIST INFC NODE *devInfo;
DWORD numDevs;

I
// create the device information list
!
i
ftStatus = FT_CreateDevicelnfolist (&numbDevs);
if (ftStatus == FT_OK) {
printf ("Number of devices is $d\n",numbevs);
1
ooy
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// allocate storage for list based on numDevs
/7
i

devInfe = (FT_DEVICE_LIST INFC NODE*)malloc(sizeof (FT_DEVICE LIST INFC NODE) *numDevs) ;

¥
// get the device information list
!
ff
ftStatus = FT_GetDeviceInfoList(devlnfo,&numDevsJ;
if (ftStatus == FT_OK) {
for (int 1 = 0; 1 < numDevs i++) {
printf ("Dev &d:\n",1i);
printf{" Flags=0x%x\n",devInfc([i].Flags);
printfi{" Tvp x&x\n",devinfol[i] . Type);
printf (" ID=0x%x\n",devInfoli].ID);
printf (" LocId=0x%x\n",devInfo[i].LocId);
printf (" SerialNumber=%z\n",devinfo(i].Seriallumber);
printf (" Description=%s\n",d nfo[i].Description);
printf (" ftHandle=0x%x\n",devInfo[i].ftHandle);
}
]
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2.38

FT_GetDevicelnfoDetail

This function returns an entry from the device information list.

FT_STATUS FT_GetDevicelnfoDetail (DWORD dwindex, LPDWORD /pdwFlags, LPDWORD
IpdwType, LPDWORD IpdwiD, LPDWORD lpdwLocld,
PCHAR pcSerialNumber, PCHAR pcDescription,
FT_HANDLE *ftHandle)

Parameters

dwindex Index of the entry in the device info list.

IpdwFlags Pointer to unsigned long to store the flag value.

IpdwType Pointer to unsigned long to store device type.

IpdwiD Pointer to unsigned long to store device ID.

IpdwLocld Pointer to unsigned long to store the device location ID.

pcSerialNumber Pointer to buffer to store device serial number as a null-
terminated string.

pcDescription Pointer to buffer to store device description as a null-terminated
string.

*ftHandle Pointer to a variable of type FT_HANDLE where the handle will
be stored.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function should only be called after calling FT_CreateDevicelnfoList[4. If the devices
connected to the system change, the device info list will not be updated until
FT_CreateDevicelnfoList[431 is called again.

The index value is zero-based.

The flag value is a 4-byte bit map containing miscellaneous data. Bit 0 (least significant bit) of this
number indicates if the port is open (1) or closed (0). The remaining bits (1 - 31) are reserved at
this time.

Location ID information is not retumed for devices that are open when FT_CreateDevicelnfolList|48)
is called.

To return the whole device info list as an array of FT_DEVICE_LIST_INFO_NODE structures, use
FT_GetDevicelnfoList[4.

Please note that Windows CE and Linux do not support location IDs. As such, the Location
ID parameter in the structure will be empty under Windows CE and Linux.

Example
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This example shows how to call FT_GetDevicelnfoDetail.

FT STATUS ftStatus;
FT_HANDLE ftHandleTemp;
DWORD numDevs;

OWCORED Flags;

CWORD ID;

DWORED Types

LWORD LocId;

char SerialNumber[l6];

char Description[é4];

!

e

/ create the device information list

I

ftStatus = FT_CreateDevicelnfolist (&numDevs);
if (ftStatus == FT_OK) {

printf ("Number of devices is %d\n",numbDevs);

]

/7
L
// get information for device 0
g

ftStatus = FT_GetDeviceInfeDetail (0, &Flags, &Type, &ID, &Locld,
Descripticon, &ftHandleTemp);
if (ftStatus == FT_OK) ({
printE Doy Denl);
printf (" Flags=0x%x\n",Flags);
printf (" Type=0x3%x\n",Type);
printf{" ID=0x&x\n",ID);:
printf{" LocId=0x%x\n",LocId):;
printf ("™ SeriallNumber=%z\n",SerialNumber);
printf (" Description=%s\n",Description);
printf{" ftHandle=0x%x\n",ftHandleTemp) ;

SerialNumber,
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2.39

FT_GetDriverVersion

This function returns the D2XX driver version number.

FT_STATUS FT_GetDriverVersion (FT_HANDLE ftHandle, LPDWORD IpdwDriverVersion)

Parameters
ftHandle Handle of the device.
IpdwDriverVersion Pointer to the driver version number.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

A version number consists of major, minor and build version numbers contained in a 4-byte field
(unsigned long). ByteO (least significant) holds the build version, Byte1 holds the minor version,
and Byte2 holds the major version. Byte3 is currently set to zero.

For example, driver version "3.01.02" is represented as 0x00030102. Note that a device has to be
opened before this function can be called.

Not available in Windows CE or Linux.

Example

This example shows how to call FT_GetDriverVersion.

FT HANDLE ftHandle;
FT STATUS status;
DWORD dwDriverver;

/7
i

// Get driver version

i1y

status = FT_Open(0, &ftHandle);

if (status == FT_CK) {
atatus = FT_GetDriverVersion[ftHandle,&deriver?erJ;
if (status == FT_CK)

printf("Driver versicn = 0x%x\n",dwDriverVer);

else

printf ("error reading driver versionin");
FT Close (ftHandle);
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240 FT_GetLibraryVersion

This function returns D2XX DLL version number.

FT_STATUS FT_GetLibraryVersion (LPDWORD IpdwDLLVersion)

Parameters
IpdwDLL Version Pointer to the DLL version number.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

A version number consists of major, minor and build version numbers contained in a 4-byte field
(unsigned long). ByteO (least significant) holds the build version, Byte1 holds the minor version,
and Byte2 holds the major version. Byte3 is currently set to zero.

For example, driver version "3.01.02" is represented as 0x00030102. Note that this function does
not take a handle, and so it can be called without opening a device.

Not available in Windows CE or Linux.

Example

This example shows how to call FT_GetLibraryVersion.

FT_STATUS status;
OWCORD dwLibraryVer;
/7

L

// Get DLL version

/i
status = FT GetlibraryVersion{&dwLibraryVer);
if (status == FT_CK)
printf{"Library versicon = 0x%x\n",dwLibraryver);
else

printf("error reading library versioni\n");
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2.4

FT_SetDeadmanTimeout

This function allows the maximum time in milliseconds that a USB request can remain outstanding
to be set.

FT_STATUS FT_SetDeadmanTimeout (FT_HANDLE ftHandle, DINORD dwDeadmanTimeout)

Parameters
ftHandle Handle of the device.
dwDeadman Timeout Deadman timeout value in milliseconds. Default value is 5000.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
The Deadman timeout is referred to in AN232B-10 Advanced Driver Options as the USB timeout.
It is unlikely that this function will be required by most users.

Example

This example shows how to call FT_SetDeadmanTimeout.

FT HANDLE ftHandle;
FT STATUS status;
OWCORD dwDeadmanTimeocut = &000;

ftStatus = FT Open(0, &ftHandle);
if(ftStatus != FT_CK)} {

// FT COpen failed

return;

atus = FT_SetDeadmanTimecut (ftHandle, dwDeadmanTimeout) ;
(ft3tatus == FT OE) |

// FT_SetDeadmanTimecut FAILED!

FT Close (ftHandle);
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242 FT_Rescan

This function can be of use when trying to recover devices programatically.

FT_STATUS FT_Rescan ()

Parameters
None.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
Calling FT_Rescan is equivalent to clicking the "Scan for hardware changes" button in the Device
Manager. Only USB hardware is checked for new devices.

Not available in Windows 98, Windows CE and Linux.

Example

This example shows how to call FT_Rescan.

FT_STATUS ftstatus;

ftStatus = FT_Rescan();
if(ftStatus != FT_CK)} {
// FT _Rescan failed!
return;
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2.43

FT_Reload

This function forces a reload of the driver for devices with a specific VID and PID combination.

FT_STATUS FT_Reload (WORD wVID, WORD wPID)

Parameters
wVID Vendor ID of the devices to reload the driver for.
wPID Product ID of the devices to reload the driver for.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

Calling FT_Reload forces the operating system to unload and reload the driver for the specified
device IDs. Ifthe VID and PID parameters are null, the drivers for USB root hubs will be reloaded,
causing all USB devices connected to reload their drivers. Please note that this function will not
work correctly on 64-bit Windows when called from a 32-bit application.

Not available in Windows 98, Windows CE and Linux.

Example

This example shows how to call FT_Reload to reload the driver for a standard FT232R device (VID
0x0403, PID 0x6001).

FT STATUS ftstatus;
WORD wVID = 0x0403;
WORD wPID =
ft8tatus = FT_Relcad(wVID,wPID);
if (ftStatus = FT_OK)
// FT_Reload failed!
return;

This example shows how to call FT_Reload to reload the drivers for all USB devices.

FT STATUS ftstatus;
WORD wVID 0x0000;
WORD wPID o000

ftStatus = FT_Relcad (wVID,wPID);
if(ftStatus != FT_CK)} {
// FT Reload failed!
return;
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3 EEPROM Programming Interface Functions

Introduction
FTDI has included EEPROM programming support in the D2XX library. This section describes that
interface.

Overview

Functions are provided to program the EEPROM (FT_EE_Program|[e81, FT_EE_ProgramEx|ef1,
FT_WriteEE [6d1), read the EEPROM (FT_EE_Read|s2], FT_EE_ReadEx|s41, FT ReadEErs?ﬂ) and
erase the EEPROM (FT_EraseEE [61).

Unused space in the EEPROM is called the User Area (EEUA). Functions are provided to access
the EEUA. FT_EE UASize (7] gets it's size, FT_EE_UAWrite|s3] writes data into it and
FT_EE_UARead s is used to read it's contents.

Reference
Type definitions [105] of the functional parameters and return codes used in the D2XX EEPROM
programming interface are contained in the appendix /o,

© Future Technology Devices International Ltd. 2006



59

D2XX Programmer's Guide

31

FT_ReadEE

Read a value from an EEPROM location.

FT_STATUS FT_ReadEE (FT_HANDLE ftHandle, DWORD awWordOffset, LPWORD [pwValue)

Parameters
ftHandle

dwWordOffset
IpwValue

Return Value

Handle of the device.
EEPROM location to read from.
Pointer to the value read from the EEPROM.

FT_OK if successful, otherwise the return value is an FT error code.
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3.2 FT_WriteEE
Write a value to an EEPROM location.

FT_STATUS FT_WriteEE (FT_HANDLE ftHandle, DWORD dwWordOffset, WORD wValue)

Parameters

ftHandle Handle of the device.
dwWordOffset EEPROM location to write to.
wValue Value to write to EEPROM.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.
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3.3

FT_EraseEE
Erase the EEPROM.

FT_STATUS FT_EraseEE (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
This function will erase the entire contents of an EEPROM, including the user area.
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3.4 FT_EE_Read
Read the contents of the EEPROM.

FT_STATUS FT_EE_Read (FT_HANDLE ftHandle, PFT_PROGRAM_DATA pData)

Parameters
ftHandle Handle of the device.
pData Pointer to structure of type FT_PROGRAM_DATA.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
This function interprets the parameter pData as a pointer to a struct of type FT_PROGRAM_DATA
that contains storage for the data to be read from the EEPROM.

The function does not perform any checks on buffer sizes, so the buffers passed in the
FT_PROGRAM_DATA struct must be big enough to accommodate their respective strings
(including null terminators). The sizes shown in the following example are more than adequate and
can be rounded down if necessary. The restriction is that the Manufacturer string length plus the
Description string length is less than or equal to 40 characters.

Note that the DLL must be informed which version of the FT_PROGRAM_DATA structure is being
used. This is done through the Signature1, Signature2 and Version elements of the structure.
Signature1 should always be 0x00000000, Signature2 should always be OxFFFFFFFF and Version
can be set to use whichever version is required. For compatibility with all current devices Version
should be set to the latest version of the FT_PROGRAM_DATA structure which is defined in
FTD2XX.h[11h.

Exanuﬂe
FT HANDLE ftHandle;
FT STATUS ftStatus = FT Cpen(0, aftHandle);
if (ftStatus != FT_OK) |
// FT_Open FAILED!
t

FT FROGRAM DATA fthata;

char ManufacturerBuf[32];

char ManufacturerIdBuf[l6];

char DescriptionBuf[é4];

char SerialNumberBuf[1é];
ftData.Signaturel = 0x00000000;
ftData.Signature? = Oxffffffff;
ftData.Version = 0x00000002; // EEPRCM structure with FT232R extensions
ftData.Manufacturer = ManufacturerBuf;
ftData.Manufacturerld = ManufacturerIdBuf;
ftData.Description = DezscriptionBuf;
ftData.SerialNumber = SerialNumberBuf;
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ftStatus = FT _EE Read(ftHandle, &ftData);
if (ftStatus == FT_OK) {
// FT _EE Read OK, data is available in ftData

l=e
i

// FT_EFE_Read FAILED!

o
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3.5

FT_EE_ReadEx
Read the contents of the EEPROM and pass strings separately.

FT_STATUS FT_EE_ReadEx (FT_HANDLE ftHandle, PFT_PROGRAM_DATA pData, char
*Manufacturer, char *Manufacturerld, char *Description, char

*SerialNumber)

Parameters

ftHandle Handle of the device.

pData Pointer to a structure of type FT_PROGRAM_DATA.

*Manufacturer Pointer to a null-terminated string containing the manufacturer
name.

*ManufactureriD Pointer to a null-terminated string containing the manufacturer
ID.

*Description Pointer to a null-terminated string containing the device
description.

*SerialNumber Pointer to a null-terminated string containing the device serial
number.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This variation of the standard FT_EE_Read 62 function was included to provide support for
languages such as LabVIEW where problems can occur when string pointers are contained in a
structure.

This function interprets the parameter pData as a pointer to a struct of type FT_PROGRAM_DATA
that contains storage for the data to be read from the EEPROM.

The function does not perform any checks on buffer sizes, so the buffers passed in the
FT_PROGRAM_DATA structure must be big enough to accommodate their respective strings
(including null terminators). The sizes shown in the following example are more than adequate and
can be rounded down if necessary. The restriction is that the Manufacturer string length plus the
Description string length is less than or equal to 40 characters.

Note that the DLL must be informed which version of the FT_PROGRAM_DATA structure is being
used. This is done through the Signature1, Signature2 and Version elements of the structure.
Signature1 should always be 0x00000000, Signature2 should always be OxFFFFFFFF and Version
can be set to use whichever version is required. For compatibility with all current devices Version
should be set to the latest version of the FT_PROGRAM_DATA structure which is defined in
FTD2XX.h[11h.

The string parameters in the FT_PROGRAM_DATA structure should be passed as DWORDs to
avoid overlapping of parameters. All string pointers are passed out separately from the
FT_PROGRAM_DATA structure.
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3.6

FT_EE_Program
Program the EEPROM.

FT_STATUS FT_EE_Program (FT_HANDLE ftHandle, PFT_PROGRAM_DATA pData)

Parameters
ftHandle Handle of the device.
pData Pointer to structure of type FT_PROGRAM_DATA.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function interprets the parameter pData as a pointer to a struct of type FT_PROGRAM_DATA
that contains the data to write to the EEPROM. The data is written to EEPROM, then read back
and verified.

If the SerialNumber field in FT_PROGRAM_DATA is NULL, or SerialNumber points to a NULL
string, a serial number based on the Manufacturerld and the current date and time will be
generated.

Note that the DLL must be informed which version of the FT_PROGRAM_DATA structure is being
used. This is done through the Signature1, Signature2 and Version elements of the structure.
Signature1 should always be 0x00000000, Signature2 should always be OxFFFFFFFF and Version
can be set to use whichever version is required. For compatibility with all current devices Version
should be set to the latest version of the FT_PROGRAM_DATA structure which is defined in
FTD2XX.h14.

If pData is NULL, the structure version will default to 0 (original BM series) and the device will be
programmed with the default data:

{0x0403, 0x6001, "FTDI", "FT", "USB HS Serial Converter", ", 44, 1, 0, 1, FALSE, FALSE, FALSE,
FALSE, FALSE, FALSE, 0}

Example

// Version 2 structure for programming a BM device.
// Cther slements would need non-zere valuss for FT2232C, FT232R or FT245R devices.

FT PROGRAM DATA ftData = {

0x00000000, // Header - must be 0x00000000
0xFFFFFFEF, /¢ Header — must be Oxffffffff
0x00000002, // Header - FT_PRCGRRM DATA version
0x0403, // VID

0x6001, // PID

"ETDI", // Manufacturer

R // Manufacturer ID

"USE HS Serial Converter", // Description

"ETOO0001"™, // Serial Number

44, /¢ MaxPower

15, // PnP
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0, // SelfPowered
1, // RemoteWaksup
1, // non-zerc if Revd chip, zero otherwise
0, / non-zero if in endpoint is isochronous
0, // non=-zero 1if out endpoint is isochronous
0, // non-zero if pull down enabled
1, // non-zero if serial number to be used
0, // non-zeroc if chip uses USBVersion
0x0110 S/ BCD (0x0200 => USE2)

i
')

/ FT2232C extensicns (Enabled if Versicn = 1 or Versicon = 2)
I
0, // non-zero if Revh chip, zero otherwise
0, // non-zere if in endpoint is isochronous
0, // non-zere if in endpoint is isochronous
0, // non-zero 1if out endpoint is iscchronous
0, // non-zersc 1f out endpoint is isochronous
0, // non-zere if pull down enabled
B // non-zere if serial number to be used
F // non=-zero 1f chip uses USBVersion
0x0, // BCD (0x0200 => USE2)
0, // non-zere if interface is high current
0, // non-zerc if interface is high current
0, // non-zero if interface is 245 FIFO
0y // non-zerc 1f interface is 245 FIFC CPU target
0, // non-zere if interface is Fast serial
0, // non-zero if interface is to use VCP drivers
0, // non-zero if interface is 245 FIFO
0, // non-zerc 1f interface is 245 FIFC CPU target
0, // non-zero if interface is Fast serial
0, // non-zere if interface is to use VCP drivers
h
f/ FT232R extensicnsz (Enabled if Wersion = 2)

i

!
0, // Use External Oscillator
0, // High Drive I/0s
0, // Endpoint size
0, // non-zero if pull down enabled
0, // non-zero if serial number to be used
0, // non-zero if invert TXD
0, // non-zeroc if invert RXD
0, // non-zere if invert RTS
0, // non-zero if invert CTS
o) // non=-zero if invert DTR
0, // non-zero if invert DSR
0, // non-zero if invert DCD
0, // non-zere if invert RI
0, // Chus Mux control
0, // Cbus Mux control
0, /¢ Chus Mux contro
0, // Chus Mux control
0, // Cbus Mux control
0 // non-zeroc i1f using D2XX drivers

}i
FT HANDLE ftHandle;

FT STATUS ftStatus = FT Cpen(0, &aftHandle);
if (ftStatus == FT_CK) {
ftStatus = FT_EE_Program(ftHandle, &ftData);
if (ftStatus == FT CK) {
// FI_EE Program CK!

Do

lse |
// FI_EE Program FAILED!
}
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3.7

FT_EE_ProgramEx
Program the EEPROM and pass strings separately.

FT_STATUS FT_EE_ProgramEx (FT_HANDLE ftHandle, PFT_PROGRAM_DATA pData, char
*Manufacturer, char *Manufacturerld, char *Description, char

*SerialNumber)

Parameters

ftHandle Handle of the device.

pData Pointer to a structure of type FT_PROGRAM_DATA.

*Manufacturer Pointer to a null-terminated string containing the manufacturer
name.

*ManufactureriD Pointer to a null-terminated string containing the manufacturer
ID.

*Description Pointer to a null-terminated string containing the device
description.

*SerialNumber Pointer to a null-terminated string containing the device serial
number.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks
This variation of the FT_EE_Program/é$ function was included to provide support for languages
such as LabVIEW where problems can occur when string pointers are contained in a structure.

This function interprets the parameter pData as a pointer to a struct of type FT_PROGRAM_DATA
that contains the data to write to the EEPROM. The data is written to EEPROM, then read back
and verified.

The string pointer parameters in the FT_PROGRAM_DATA structure should be allocated as
DWORDSs to avoid overlapping of parameters. The string parameters are then passed in
separately.

If the SerialNumber field is NULL, or SerialNumber points to a NULL string, a serial number based
on the Manufacturerld and the current date and time will be generated.

Note that the DLL must be informed which version of the FT_PROGRAM_DATA structure is being
used. This is done through the Signature1, Signature2 and Version elements of the structure.
Signature1 should always be 0x00000000, Signature2 should always be OxFFFFFFFF and Version
can be set to use whichever version is required. For compatibility with all current devices Version
should be set to the latest version of the FT_PROGRAM_DATA structure which is defined in
FTD2XX.h 1.

If pData is NULL, the structure version will default to 0 (original BM series) and the device will be
programmed with the default data:

{0x0403, 0x6001, "FTDI", "FT", "USB HS Serial Converter", ", 44, 1, 0, 1, FALSE, FALSE, FALSE,
FALSE, FALSE, FALSE, 0}
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3.8 FT_EE_UARead
Read the contents of the EEUA.

FT_STATUS FT_EE_UARead (FT_HANDLE ftHandle, PUCHAR pucData, DWORD dwDataLen,

LPDWORD /pdwBytesRead)
Parameters
ftHandle Handle of the device.
pucData Pointer to a buffer that contains storage for data to be read.
dwDatalen Size, in bytes, of buffer that contains storage for the data to be
read.
IpdwBytesRead Pointer to a DWORD that receives the number of bytes read..

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function interprets the parameter pucData as a pointer to an array of bytes of size dwDatfalLen
that contains storage for the data to be read from the EEUA. The actual number of bytes read is
stored in the DWORD referenced by /pdwBytesRead.

If dwDataLen is less than the size of the EEUA, then dwDatalLen bytes are read into the buffer.
Otherwise, the whole of the EEUA is read into the buffer.

An application should check the function return value and IpdwBytesRead when FT_EE_UARead
returns.

Example

FT HANDLE ftHandle;
FT STATUS ftStatus = FT Open(0, aftHandle);

if (ftStatus != FT_OK) {
// FT_Open FAILED!
1

unsigned char Buffer([64];
OIWCORD BytesRead;

ftstatus = FT_EE UARead(ftHandle, Buffer, 64, &BytesRead);
if (ftStatus == FT_OK) {

// FT_EE URRead OK

// User Area data stored in Buffer

// Mumber of bytes read from EEUA stored in BytesRead

(At

lae |
Ty FT_EE_U%Read FAILED!
1
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3.9

FT_EE_UAWrite
Write data into the EEUA.

FT_STATUS FT_EE_UAWTrite (FT_HANDLE ftHandle, PUCHAR pucData, DWORD dwDatalLen)

Parameters

ftHandle Handle of the device.

pucData Pointer to a buffer that contains the data to be written.
dwDatalen Size, in bytes, of buffer that contains the data to be written.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

This function interprets the parameter IpData as a pointer to an array of bytes of size dwDatalLen
that contains the data to be written to the EEUA. It is a programming error for dwDatalen to be
greater than the size of the EEUA.

Example

FT HANDLE ftHandle;
FT STATUS ftStatus = FT Cpen(0, aftHandle);

if (ftStatus != FT_OK) {
// FT_Open FAILED!
}

char *buffer = "Hello, World";
ftstatus = FT_EE_UAWrite[ftHandle, (unsigned char+*)buffer, 12);

if (ftStatus = FT _OK) ({
// FT_EE UAWRITE failed

o —
—
m
(e}

// FT_EE URWRITE failed
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310 FT_EE_UASize
Get size of EEUA.

FT_STATUS FT_EE_UASize (FT_HANDLE ftHandle, LPDWORD /pdwSize)

Parameters
ftHandle Handle of the device.
IpdwSize Pointer to a DWORD that receives the size, in bytes, of the

EEUA.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Example

FT HANDLE ftHandle;
FT STATUS ftStatus = FT Cpen(0, aftHandle);

if (ftStatus != FT_OK) {
// FT_Open FAILED!

}

LWORD EEUA Size;

ftStatus = FT EE UASize (ftHandle, &EEU%_Si:eJ;

if (ftStatus == FT_OK) {

// FT_EE UASize CK

// EEUA Size contains the size, in bytes, of the EEUR
]
else

/

// FT_EE UASize FAILED!
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Extended API Functions

Introduction

FTDI's FT232R USB UART (4" generation), FT245R USB FIFO (4™ generation), FT2232C Dual
USB UART/FIFO (3" generation), FT232BM USB UART (2" generation) and FT245BM USB FIFO
(2™ generation) offer extra functionality, including programmable features, to their predecessors.
The programmable features are supported by extensions to the D2XX driver, and the programming
interface is exposed by FTD2XX.DLL.

Overview

New features include a programmable receive buffer timeout and bit bang mode. The receive
buffer timeout is controlled via the latency timer functions FT_GetLatencyTimer|721 and
FT_SetLatencyTimer/731. Bit bang modes and other FT2232C bit modes are controlled via the
functions FT_GetBitMode |71 and FT_SetBitMode751. Before these functions can be accessed,
the device must first be opened. The Win32API function, CreateFile, returns a handle that is used
by all functions in the programming interface to identify the device.

Reference
Type definitions 105 of the functional parameters and return codes used in the D2XX extended
programming interface are contained in the appendix 104,
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4.1

FT_GetLatencyTimer

Get the current value of the latency timer.

FT_STATUS FT_GetLatencyTimer (FT_HANDLE ftHandle, PUCHAR pucTimer)

Parameters
ftHandle Handle of the device.
pucTimer Pointer to unsigned char to store latency timer value.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

In the FT8U232AM and FT8U245AM devices, the receive buffer timeout that is used to flush
remaining data from the receive buffer was fixed at 16 ms. In all other FTDI devices, this timeout
is programmable and can be set at 1 ms intervals between 2ms and 255 ms. This allows the
device to be better optimized for protocols requiring faster response times from short data packets.

Example

HANDLE ftHandle;
FT STATUS ftStatus;
UCHAR LatencyTimer;

ftStatus = FT_Open(0, &ftHandle);
if (ftStatus = FT _OK) ({

// FT Open failed

return;

}

ftStatus = FT_GetLatencyTimer (ftHandle, &LatencyTimer);
if (ftStatus == FT_OK) {
// LatencyTimer contains current value
}
else |
// FT_GetLatencyTimer FAILED!
1

FT Close (ftHandle);
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4.2

FT_SetLatencyTimer
Set the latency timer.

FT_STATUS FT_SetLatencyTimer (FT_HANDLE fiHandle, UCHAR ucTimer)

Parameters
ftHandle Handle of the device.
ucTimer Required value, in milliseconds, of latency timer. Valid range is

2 -255.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

In the FT8U232AM and FT8U245AM devices, the receive buffer timeout that is used to flush
remaining data from the receive buffer was fixed at 16 ms. In all other FTDI devices, this timeout is
programmable and can be set at 1 ms intervals between 2ms and 255 ms. This allows the device
to be better optimized for protocols requiring faster response times from short data packets.

Example

HANDLE ftHandle;
FT STATUS ftStatus;
UCHAR LatencyTimer = 10;

ftStatus = FT_Open(0, &ftHandle);
if (ftStatus != FT_OK)

// FT Open failed

return;

}

ftStatus = FT_SetlLatencyTimer (ftHandle, LatencyTimer);
if (ftStatus == FT_OK) {
// LatencyTimer set to 10 milliseconds
t
else |
// FT_SetLatencyTimer FAILED!
1

FT Close (ftHandle);
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4.3 FT_GetBitMode

Gets the instantaneous value of the data bus.

FT_STATUS FT_GetBitMode (FT_HANDLE ftHandle, PUCHAR pucMode)

Parameters
ftHandle Handle of the device.
pucMode Pointer to unsigned char to store bit mode value.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

For a description of available bit modes for the FT2232C, see the application note "Bit Mode
Functions for the FT2232C".

For a description of Bit Bang Mode for the FT232BM and FT245BM, see the application note
"FT232BM/FT245BM Bit Bang Mode".

These application notes are available for download from the Application Notes page in the
Documents section of the FTDI website.

Example

HANDLE ftHandle;
UCHAR BitMode;
FT STATUS ftStatus;

ft8tatus = FT _Cpen(0, &ftHandle);
if (ftStatus = FT _OK) ({

// FT Open failed

return;

}

ftStatus = FT GetBitMode (ftHandle, &BitMode) ;
if (ftStatus == FT_OK) {
// BitMode contains current value

o

lae |
// FT_GetBitMode FAILED!
1

FT Close(ftHandle);
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4.4

FT_SetBitMode

Set the value of the bit mode.

FT_STATUS FT_SetBitMode (FT_HANDLE ftHandle, UCHAR ucMask, UCHAR ucMode)

Parameters
ftHandle Handle of the device.

ucMask Required value for bit mode mask. This sets up which bits are
inputs and outputs. A bit value of 0 sets the corresponding pin
to an input, a bit value of 1 sets the corresponding pin to an
output.
In the case of CBUS Bit Bang, the upper nibble of this value
controls which pins are inputs and outputs, while the lower
nibble controls which of the outputs are high and low.

ucMode Mode value. Can be one of the following:
0x0 = Reset
0x1 = Asynchronous Bit Bang
0x2 = MPSSE (FT2232C devices only)
0x4 = Synchronous Bit Bang (FT232R, FT245R and FT2232C
devices only)
0x8 = MCU Host Bus Emulation Mode (FT2232C devices only)
0x10 = Fast Opto-Isolated Serial Mode (FT2232C devices only)
0x20 = CBUS Bit Bang Mode (FT232R devices only)

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

For a description of Bit Bang Mode for the FT232BM and FT245BM, see the application note
"FT232BM/FT245BM Bit Bang Mode".

For a description of available bit modes for the FT2232C, see the application note "Bit Mode
Functions for the FT2232C".

For a description of the Bit Bang modes available for the FT232R and FT245R devices, see the
application note "Bit Bang Modes for the FT232R and FT245R".

Application notes are available for download from the Application Notes page in the Documents
section of the FTDI website.

Note that to use CBUS Bit Bang for the FT232R, the CBUS must be configured for CBUS Bit
Bang in the EEPROM.

Example

HANDLE ftHandle;

FT_STATUS ftsStatus;

UCHAR Mask 0xff;

UCHRE Mode 1; // Set asynchronous bit-bang mode

ftetatus = FT _Cpen(0, &ftHandle);
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if{ftStatus != FT_CK)} {
// FT COpen failed
return;

}

ftStatus = FT_SetBitMode (ftHandle, Mask, Mode);
if (ftStatus == FT_OK) {
// 0xff written to device

@ —
foec

~

{
FT SetBitMode FAILED!

|

}

FT Close (ftHandle);
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4.5

FT_SetUSBParameters

Set the USB request transfer size.

FT_STATUS FT_SetUSBParameters (FT_HANDLE ftHandle, DWORD dwinTransferSize,
DWORD dwOutTransferSize)

Parameters

ftHandle Handle of the device.
dwinTransferSize Transfer size for USB IN request.
dwOQutTransferSize Transfer size for USB OUT request.

Return Value
FT_OK if successful, otherwise the return value is an FT error code.

Remarks

Previously, USB request transfer sizes have been set at 4096 bytes and have not been
configurable. This function can be used to change the transfer sizes to better suit the application
requirements. Transfer sizes must be set to a multiple of 64 bytes between 64 bytes and 64k
bytes.

When FT_SetUSBParameters is called, the change comes into effect immediately and any data
that was held in the driver at the time of the change is lost.

Note that, at present, only dwinTransferSize is supported.

Example

HAWDLE ftHandle;
FT STATUS ftstatus;
DWORD InTransfer3ize = 16384;

ftStatus = FT Open(0, &ftHandle);
if (ft8tatus != FT_OK) {
// FT Open failed

return;
1
ftStatus = FT_SetUSBParameters (ftHandle, InTransferSize, 0);
if (ftStatus == FT_OK) ({
// In transfer size set to 186 Kbhytes

1
else |

// FT_ SetUsBParameters FAILED!
]

FT Close (ftHandle);
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5 FT-Win32 API Functions

Introduction
The D2XX interface also incorporates functions based on Win32 APl and Win32 COMM API calls.
This facilitates the porting of communications applications from VCP to D2XX.

Linux support for these functions has been added to allow porting windows VCP applications to
Linux as well as providing improved event detection. Every effort has been made to keep the
continuity between the Linux and Windows implementation of these funcitons as much as possible.
The notable differences have been documented within.

Overview

Before the device can be accessed, it must first be opened. FT_W32 CreateFile7$1 returns a
handle that is used by all functions in the programming interface to identify the device. When the
device has been opened successfully, I/O can be performed using FT_W32 ReadFile[] and
FT_W32 \WriteFile/ss1. When operations are complete, the device is closed using
FT_W32_CloseHandle|st].

Reference
Type definitions 105] of the functional parameters and return codes used in the FT-Win32 interface
are contained in the appendix /104,
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FT_W32_ CreateFile

Open the specified device and return a handle which will be used for subsequent accesses. The
device can be specified by its serial number, device description, or location.

This function must be used if overlapped I/O is required.

FT_HANDLE FT_W32_CreateFile (LPCSTR IpszName, DWORD dwAccess, DWORD
dwShareMode, LPSECURITY_ATTRIBUTES
IpSecurityAttributes, DWORD dwCreate, DWORD
dwAttrsAndFlags, HANDLE hTemplate)

Parameters

IpszName Pointer to a null terminated string that contains the name of the
device. The name of the device can be its serial number or
description as obtained from the FT_ListDevices function.

dwAccess Type of access to the device. Access can be
GENERIC_READ, GENERIC_WRITE or both. Ignored in
Linux.

dwShareMode How the device is shared. This value must be set to 0.

IpSecurityAttributes This parameter has no effect and should be set to NULL.

dwCreate This parameter must be set to OPEN_EXISTING. Ignored in
Linux.

dwAttrsAndFlags File attributes and flags. This parameter is a combination of
FILE_ATTRIBUTE_NORMAL, FILE_FLAG_OVERLAPPED if
overlapped 1/O is used, FT_OPEN_BY_SERIAL_NUMBER if
IpszName is the devices serial number, and
FT_OPEN_BY_DESCRIPTION if JpszName is the devices
description.

hTemplate This parameter must be NULL

Return Value

If the function is successful, the return value is a handle.

If the function is unsuccessful, the return value is the Win32 error code
INVALID_HANDLE_VALUE.

Remarks

The meaning of pvArg? depends on dwAtfrsAndFlags: if FT_OPEN_BY_SERIAL_NUMBER or
FT_OPEN_BY_DESCRIPTION is set in dwAttrsAndFlags, pvArg? contains a pointer to a null
terminated string that contains the device's serial number or description; if
FT_OPEN_BY_LOCATION is set in dwAttrsAndFlags, pvArg1 is interpreted as a value of type long
that contains the location ID of the device.

dwAccess can be GENERIC_READ, GENERIC_WRITE or both; dwShareMode must be set to 0:
IpSecurityAttributes must be set to NULL: dwCreate must be set to OPEN_EXISTING:
dwAttrsAndFlags is a combination of FILE_ATTRIBUTE_NORMAL, FILE_FLAG_OVERLAPPED if
overlapped I/O is used, FT_OPEN_BY_SERIAL_NUMBER or FT_OPEN_BY_DESCRIPTION or
FT_OPEN_BY_LOCATION: hTemplate must be NULL.
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Windows CE does not support overlapped IO or location IDs.

Examples

The examples that follow use these variables.

FT STATUS ftStatus;
FT HANDLE ftHandle;
char Buf[&d];

Open a device for overlapped I/O using its serial number
ftStatus = FT_LiStDeViceS[U,Buf,FT_LIST_BY_INDEHIFT_GPEN_BY_SERI%L_NUMBERJ;

ftHandle = FT_W32_CreateFile(Buf,GENERIC_READ|GENERIC WRITE, 0,0,
OPEN_EXISTING,
FILE ATTRIBUTE NORMAL | FILE FLAG OVERLAPPED |
FT _OPEN BY SERIAL NUMEER,

0);

if {(ftHandle == INVALID HANDLE VALUE)
¢ // FT_W32 CreateDevice failed

Open a device for non-overlapped I/O using its description

ftStatus FT ListDevices (0,Buf,FT LIST BY INDEX|FT CPEN BY DESCRIPTICN);

ftHandle = FT_W32_CreateFile{Buf,GENERIC_READIGENERIC_WRITE,0,0,
QOPEN EXISTING,
FILE_ATTRIBUTE NORMAL | FT_CPEN BY DESCRIPTICN,

0);

if (ftHandle == INVALID HANDLE VALUE]
i // FT W32 CreateDevice failed

Open a device for non-overlapped I/O using its location
long locIDy

ftStatus = FT ListDevices (0, &locID, FT_LIST BY INDEX|FT OPEN BY LOCATICHN);

ftHandle

FT W32 CreateFile((PVOID) loclD,GENERIC READ|GENERIC WRITE,O0,0,
CPEN EXISTING,
FILE ATTRIBUTE NCRMAL | FT OPEN BY LOCATICN,

0);

if {(ftHandle == INVALID HANDLE VALUE)
¢ // FT_W32 CreateDevice failed
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FT_W32_CloseHandle

Close the specified device.

BOOL FT_W32_CloseHandle (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example

This example shows how to close a device after opening it for non-overlapped I/O using its
description.

FT STATUS ftStatus;
FT HANDLE ftHandle;
char Buf[&d];

ftStatus = FT_LiStDeViceS[U,Buf,FT_LIST_BY_INDEHIFT_GPEN_BY_DESCRIPTIGNJ;
ftHandle = FT_W32_CreateFile{Buf,GENERIC_READIGENERIC_WRITE,0,0,

OPEN FXISTING,

FILE_ATTRIBUTE NORMAL | FT_CPEN BY DESCRIPTICN,

0);:

if (ftHandle == INVALID HANDLE VALUE] {
// FT_W32_CreateDevice failed}
else |
// FT W32 CreateFile CK, so do some work, and eventually ...

FT W32 CloseHandle (ftHandle]) ;
}
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83

FT_W32_ReadFile

Read data from the device.

BOOL FT_W32_ReadFile (FT_HANDLE ftHandle, LPVOID IpBuffer, DIWORD dwBytesToRead,
LPDWORD IpdwBytesReturned, LPOVERLAPPED JpOverlapped)

Parameters

ftHandle Handle of the device.

IpBuffer Pointer to a buffer that receives the data from the device.

dwBytesToRead Number of bytes to read from the device.

IpdwBytesReturned Pointer to a variable that receives the number of bytes read
from the device.

IpOverlapped Pointer to an overlapped structure. Ignored in Linux.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
This function supports both non-overlapped and overapped I/O, except under Windows CE and
Linux where only non-overlapped 10 is supported.

Non-overlapped I/O

The parameter, /jpOverlapped, must be NULL for non-overlapped 1/O.
This function always returns the number of bytes read in lpdwBytesReturned.

This function does not return until dwBytesToRead have been read into the buffer. The number of
bytes in the receive queue can be determined by calling FT_GetStatus/34 or
FT_GetQueueStatus[sh, and passed as dwByfesToRead so that the function reads the device and
returns immediately.

When a read timeout has been setup in a previous call to FT_W32 SetCommTimeouts|io, this
function returns when the timer expires or dwBytesToRead have been read, whichever occurs first.
If a timeout occurred, any available data is read into IpBuffer and the function returns a non-zero
value.

An application should use the function return value and lpdwBytesReturned when processing the
buffer. Ifthe return value is non-zero and [pdwBytesReturned is equal to dwBytesToRead then the
function has completed normally. If the return value is non-zero and lpdwBytesReturned is less
then dwBytesToRead then a timeout has occurred, and the read request has been partially
completed. Note that if a timeout occurred and no data was read, the return value is still non-zero.

A return value of FT_IO_ERROR suggests an error in the parameters of the function, or a fatal
error like USB disconnect has occurred.
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Overlapped /O

When the device has been opened for overlapped I/O, an application can issue a request and
perform some additional work while the request is pending. This contrasts with the case of non-
overlapped 1/0 in which the application issues a request and receives control again only after the
request has been completed.

The parameter, [pOverlapped, must point to an initialized OVERLAPPED structure.

If there is enough data in the receive queue to satisfy the request, the request completes
immediately and the return code is non-zero. The number of bytes read is retumed in
IpdwBytesReturned.

If there is not enough data in the receive queue to satisfy the request, the request completes
immediately, and the return code is zero, signifying an error. An application should call

FT W32 GetLastError(s# to get the cause of the error. If the error code is
ERROR_IO_PENDING, the overlapped operation is still in progress, and the application can
perform other processing. Eventually, the application checks the result of the overlapped request
by calling FT_W32_GetOverlappedResult/&.

If successful, the number of bytes read is returned in IpdwBytesReturned.

Example

This example shows how to read 256 bytes from the device using non-overlapped I/0.

FT HANDLE ftHandle; // setup by FT W32 CreateFile for neon-overlapped i/o
char Buf[25¢&];

LWORD dwToRead = 256;

DWORD dwRead;

if (FT_W32 ReadFile(ftHandle, Buf, dwTcRead, &dwRead, &osWrite))
if (dwToRead == dwRead) {

// FT W32 ReadFile CK}
-~ ]

21

!
]
// FT W32 ReadFile timeout}

i

=lse]
i

// FT W32 ReadFile failed}

This example shows how to read 256 bytes from the device using overlapped I/O.

FT HANDLE ftHandle; // setup by FT W32 CreateFile for overlapped i/o
char Buf[256];

DWORD dwTcRead = 256;

DWORD dwRead;

OVERLAFPED osRead = { 0 };

if (!'FT W32 ReadFile(ftHandle, Buf, dwTcRead, &dwRead, &osWrite)) {
if (FT_W32 GetLastError (ftHandle} == ERRCR IC PENDING) {
// write i1s delayed so do some other stuff until ...
if (!FT W32 GetCverlappedResult (ftHandle, &osRead, &dwRead, FALSE)]){
// error}
else |
if (dwToRead == dwRead) {
// FT W32 ReadFile CK}
ol gad
// FT W32 ReadFile timeout}
1

1
i;

IO

1

o

se {
// FT_W3Z ReadFile CK
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5.4

FT_W32_WriteFile
\Write data to the device.

BOOL FT_W32_WriteFile (FT_HANDLE ftHandle, LPVOID [pBuffer, DIWORD dwBytes ToWrite,
LPDWORD IpdwBytesWritten, LPOVERLAPPED |pOverlapped)

Parameters

ftHandle Handle of the device.

IpBuffer Pointer to the buffer that contains the data to write to the
device.

dwBytes ToWrite Number of bytes to be written to the device.

IpdwBytesWritten Pointer to a variable that receives the number of bytes written
to the device.

IpOverlapped Pointer to an overlapped structure. Ignored in Linux.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
This function supports both non-overlapped and overlapped I/O, except under Windows CE and
Linux where only non-overlapped 10 is supported.

Non-overlapped 1/O
The parameter, [pOverlapped, must be NULL for non-overlapped I/O.

This function always returns the number of bytes written in lpdwBytesWritten.
This function does not return until dwBytes ToWrite have been written to the device.

When a write timeout has been setup in a previous call to FT_\W32 SetCommTimeouts|ioh, this
function returns when the timer expires or dwBytesToWrite have been written, whichever occurs
first. If a timeout occurred, ipdwBytesWrritten contains the number of bytes actually written, and the
function retums a non-zero value.

An application should always use the function return value and [pdwBytesWritten. If the return
value is non-zero and IpdwBytesWritten is equal to dwBytes ToWrite then the function has
completed normally. If the return value is non-zero and IpdwBytesWritten is less then
dwBytesToWrite then a timeout has occurred, and the write request has been partially completed.
Note that if a timeout occurred and no data was written, the return value is still non-zero.

Overlapped /O

When the device has been opened for overlapped I/O, an application can issue a request and
perform some additional work while the request is pending. This contrasts with the case of non-
overlapped 1/0 in which the application issues a request and receives control again only after the
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request has been completed.
The parameter, [pOverlapped, must point to an initialized OVERLAPPED structure.

This function completes immediately, and the return code is zero, signifying an error. An
application should call FT_W32_ GetLastError/e# to get the cause of the error. If the error code is
ERROR_IO_PENDING, the overlapped operation is still in progress, and the application can
perform other processing. Eventually, the application checks the result of the overlapped request
by calling FT_W32_ GetOverlappedResult[ss1.

If successful, the number of bytes written is returned in lpdwBytesWritten.

Example

This example shows how to write 128 bytes to the device using non-overlapped I/O.

FT_HANDLE ftHandle; // setup by FT_W3Z CreateFile for overlapped i/o
char Buf[128]; // contains data to write to the device
DWORD dwToWrite = 128;

DWORD dwliritten;

if (FT W32 WriteFile(ftHandle, Buf, dwTcWrite, &dwWritten, &osWrite))
if (dwToWrite == dwWritten){

// FT W32 WriteFile CK}
-~ ]

21

/ FT_ W32 WriteFile timeout}

4
els
/

// FT W32 WriteFile failed}

This example shows how to write 128 bytes to the device using overlapped I/O.

FT HANDLE ftHandle; // setup by FT W32 CreateFile for overlapped i/o
char Buf[128]; // contains data to write to the device

DWORD dwToWrite = 128;

DWORD dwiWritten;

OVERLAFFED osWrite = { 0 };

if ('FT W32 WriteFile(ftHandle, Buf, dwTcWrite, &dwWritten, &osWrite)) {
if (FT_W32 GetLastError (ftHandle) == ERRCR_IC PENDING) {
// write 1s delayed so do some other stuff until ...
if (!FT W32 GetOverlappedResult (ftHandle, sosWrite, adwWritten, FALSE)){
/ error}
e {
if {(dwToWrite == dwWritten) |
// FT W32 WriteFile CK}
el Eay

// FT W32 WriteFile timeout}

m o~

&1

[

g

I
i
// FT W32 WriteFIle OK

@ —

}
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5.5

FT_W32_GetLastError

Gets the last error that occurred on the device.

DWORDFT_W32_GetLastError (FT_HANDLE fiHandle)

Parameters
ftHandle Handle of the device.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks

This function is normally used with overlapped I/O and so is not supported in Windows CE. For
a description of its use, see FT_W32 ReadFile(#3 and FT_W32 WriteFile[851.

In Linux this function returns a DWORD that directly maps to the FT Errors (for example the
FT_INVALID_HANDLE error number).
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5.6 FT_W32_GetOverlappedResult

Gets the result of an overlapped operation.

BOOL FT_W32_GetOverlappedResult (FT_HANDLE ftHandle, LPOVERLAPPED
IpOveriapped, LPDWORD IpdwBytesTransferred,

BOOL bWait)
Parameters
ftHandle Handle of the device.
IpOverlapped Pointer to an overlapped structure.
IdwBytes Transferred Pointer to a variable that receives the number of bytes
transferred during the overlapped operation.
bWait Set to TRUE if the function does not return until the operation

has been completed.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
This function is used with overlapped I/O and so is not supported in Windows CE or Linux. For
a description of its use, see FT_W32 ReadFile (831 and FT_\W32_ WriteFile (851,
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5.7

FT_W32_ClearCommBreak

Puts the communications line in the non-BREAK state.

BOOL FT_W32_ClearCommBreak (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example

This example shows how put the line in the non-BREAK state.
FT_HARNDLE ftHandle; // setup by FT_W3Z CreateFile

if (!FT W32 ClearCommBreak (ftHandle]] {
// FT W32 ClearCommBreak failed}]
else]

// FT_ W32 ClearCommBreak CK}
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FT_W32_ClearCommError

Gets information about a communications error and get current status of the device.

BOOL FT_W32_ClearCommError (FT_HANDLE ftHandle, LPDWORD IpdwErrors,
LPFTCOMSTAT IpftComstaf)

Parameters

ftHandle Handle of the device.

IpdwErrors Variable that contains the error mask.
IpftComstat Pointer to FTCOMSTAT structure.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example
This example shows how to use this function.

static COMSTAT oldCS = {(0};
static DWORD dwOldErrors = 0;

FT HANDLE ftHandle; // setup by FT W32 CreateFile
CCOMSTAT new(CSs;

DWORD dwErrors;

BOOL bChanged = FALSE;

if (!FT W32 ClearCommError {(ftHandle, adwErrors, (FTCOMSTAT *]&anewCs])
i // FT_W32 ClearCommError failed

if (dwErrors != dwOldErrors) {
bChanged = TRUE;
dwErrorsld = dwErrors;

}

if (memecnp (&0ldCS, &newCs, sizeof (FTCOMSTAT))) |
bChanged = TRUE;
0ldCS = newCs;

}

1f (bChanged) {
if (dwErrors & CE BRERK)
; // BREAE condition detected
if (dwErrors & CE_FRAME)
; // Framing error detected
if (dwErrors & CE RXGVER]
; // Receive buffer has overflowed
if (dwErrors & CE_TXFULL)
/) Transmit buffer full
if {(dwErrors & CE_OVERRUN]
; // Character buffer overrun
if {dwErrors & CE_R¥PARITY)
: // Parity error detected
if (newCs.fCtsHold)
// Transmitter waiting for CT3
if {(newCs.fDsrHold)
; // Transmitter is walting for DSR
if (newCs.fRladHold)
// Transmitter is waiting for RLSD
if (newCs.fXoffHold)
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¢ // Transmitter is waiting because XOFF was received
if (newCs.fXoffSent)

- i

r L

if (newCs.fEof)

// End of file character has been received

if (newCs.fTxim)

// Tx immediate character queused for transmission

// newCS.cbhbInQue contains number of bytes in receive queus
// newCs.chOutQue contains number of bytes in transmit gqueue
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5.9

FT_W32_EscapeCommFunction

Perform an extended function.

BOOL FT_W32_EscapeCommFunction (FT_HANDLE ftHandle, DWORD dwfFunc)

Parameters
ftHandle Handle of the device.
dwFunc The extended function to perform can be one of the following
CLRDTR s Clear the DTR signal
CLRRTS Clear the RTS signal
SETDTR Set the DTR signal
SETRTS Set the RTS signal
SETBREAK Set the BREAK condition
CLRBREAK Clear the BREAK condition

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example
This example shows how to use this function.

FT_HRNDLE ftHandle; // setup by FT_W3Z CreateFile

FT W32 EscapeCommFunct ion (ftHandle, CLEDTS) ;
FT W32 EscapeCommFunction (ftHandle,SETRTS) ;
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5.10

FT_W32_GetCommModemStatus

This function gets the current modem control value.

BOOL FT_W32_GetCommModemStatus (FT_HANDLE ftHandle, LPDWORD IpdwStat)

Parameters
ftHandle

IpdwStat

MS_CTS_ON
MS_DSR_ON

MS_RING_ON
MS_RLSD_ON

Return Value

Handle of the device.

Pointer to a variable to contain modem control value. The
modem control value can be a combination of the following:
Clear to Send (CTS) is on

Data Set Ready (DSR) is on
Ring Indicator (RI) is on
Receive Line Signal Detect (RLSD) is on

If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example

This example shows how to use this function.

FT HANDLE ftHandle; // setup by FT W32 CreateFile

DWORD dwStatus;

if (FT W32 GetCommModemStatus (ftHandle, &dwStatus)) {

/7 FT W32 GetCommModemStatus ok

if (dwStatus & MS_CTS CN)
; // CT8 is on

if (dwStatus & MS DSR CON])
; // DSR 1s on

if (gdwStatus & MS_RI CN)
; // RI 15 on

if (dwStatus & MS RLED ON])
i ) BLSDiiE ion

}
slge

// FT W32 GetCommModemStatus failed
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5.1

FT_W32_GetCommState

This function gets the current device state.

BOOL FT_W32_GetCommsState (FT_HANDLE ftHandle, LPFTDCB IpftDch)

Parameters
ftHandle Handle of the device.
IpftDcb Pointer to an FTDCB structure.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
The current state of the device is returned in a device control block.

Example
This example shows how to use this function.

FT_HARNDLE ftHandle; // setup by FT_W32Z CreateFile
FTDCB ftDCB;

if (FT W32 GetCommState (ftHandle,&ftDCE) )
7 // FT_W32 GetCommState ok, device state is in ftDCEB
eloe

; // FT_W32 GetCommState failed
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512 FT_W32_GetCommTimeouts

This function gets the current read and write request timeout parameters for the specified device.

BOOL FT_W32_GetCommTimeouts (FT_HANDLE ftHandle, LPFTTIMEOUTS IpftTimeouts)

Parameters

ftHandle Handle of the device.

IpftTimeouts Pointer to an FTTIMEOUTS structure to store timeout
information.

Return Value

If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
For an explanation of how timeouts are used, see FT_W32_SetCommTimeouts.

Example
This example shows how to retrieve the current timeout values.

FT HRNDLE ftHandle; // setup by FT W3Z_CreateFile
FTTIMECUTS ftT3;

if (FT W32 GetCommTimecuts (ftHandle,&ftTS))
;i // FT_W3Z GetCommTimeouts OK
else

; // FT_W32 GetCommTimeouts failed
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513 FT_W32_PurgeComm

This function purges the device.

BOOL FT_W32_PurgeComm (FT_HANDLE ftHandle, DWORD dwflags)

Parameters

ftHandle Handle of the device.

dwFlags Specifies the action to take. The action can be a combination

of the following:

PURGE_TXABORT Terminate outstanding overlapped writes
PURGE_RXABORT Terminate outstanding overlapped reads
PURGE_TXCLEAR Clear the transmit buffer
PURGE_RXCLEAR Clear the receive buffer

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example
This example shows how to purge the receive and transmit queues.

FT HANDLE ftHandle; // setup by FT W32 CreateFile

if (FT W32 PurgeComm(ftHandle, PURGE TXCLEAR|PURGE RXCLEAR])
; // FT_W32 PurgeComm CK

else

3 // FT_W32 PurgeComm failed
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5.14

FT_W32_SetCommBreak

Puts the communications line in the BREAK state.

BOOL FT_W32_SetCommBreak (FT_HANDLE ftHandle)

Parameters
ftHandle Handle of the device.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example

This example shows how put the line in the BREAK state.

FT HRNDLE ftHandle; // setup by FT_W32Z CreateFile

if (!FT W32 SetCommBreak(ftHandle]]
; // FT_W32 SetCommBreak failed
eloe

7 // FT W32 SetCommBreak CK
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515 FT_W32_SetCommMask

This function specifies events that the device has to monitor.

BOOL FT_W32_SetCommMask (FT_HANDLE ftHandle, DIWORD dwMask)

Parameters
ftHandle Handle of the device.
dwMask Mask containing aevents that the device has to monitor. This
can be a combination of the following:
EV_BREAK BREAK condition detected
EV_CTS Change in Clear to Send (CTS)
EV_DSR Change in Data Set Ready (DSR)
EV_ERR Error in line status
EV_RING Ring Indicator (RI) detected
EV_RLSD Change in Receive Line Signal Detect (RLSD)
EV_RXCHAR Character received
EV_RXFLAG Event character received
EV_TXEMPTY Transmitter empty

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
This function specifies the events that the device should monitor. An application can call the
function FT_W32_WaitCommEvent to wait for an event to occur.

Example
This example shows how to monitor changes in the modem status lines DSR and CTS.

FT HANDLE ftHandle; // setup by FT W32 CreateFile
DWORD dwlask = EV_CTS | EV_DSR;:

ommMAsk {ftHandle, dwMask) }

1f CPETWIZ. St
_SetCommMask failed

; // FT W32
alse

; // FT W32 SetCommMask CK
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516 FT_W32_SetCommsState

This function sets the state of the device according to the contents of a device control block (DCB).

BOOL FT_W32_SetCommsState (FT_HANDLE ftHandle, LPFTDCB IpftDch)

Parameters
ftHandle Handle of the device.
IpftDcb Pointer to an FTDCB structure.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Example
This example shows how to use this function to change the baud rate.

FT HRNDLE ftHandle; // setup by FT_W3Z CreateFile
FTDCB ftDCB;

if (FT W32 GetCommState (ftHandle, &ftDCE))
// FT W32 GetCommState ok, device state is in ftDCB
ftDCE.BaudRate = 921600;
if (FT W32 SetCommState (ftHandle, &ftDCE))
; // FT W32 SetCommState ok
else ==
r

; // FT W32 SetCommState failed

else
i // FT W32 GetCommState failed
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5.17

FT_W32_SetCommTimeouts

This function sets the timeout parameters for 1/O requests.

BOOL FT_W32_SetCommTimeouts (FT_HANDLE ftHandle, LPFTTIMEOUTS /pft Timeouts)

Parameters
ftHandle Handle of the device.
IpftTimeouts Pointer to an FTTIMEQUTS structure to store timeout

information.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
Timeouts are calculated using the information in the FTTIMEQUTS structure.

For read requests, the number of bytes to be read is multiplied by the total timeout multiplier, and
added to the total timeout constant. So, if TS is an FTTIMEOQUTS structure and the number of
bytes to read is dwToRead, the read timeout, rdTO, is calculated as follows.

rdTO = (dwToRead * TS.ReadTotalTimeoutMultiplier) + TS.ReadTotalTimeoutConstant

For write requests, the number of bytes to be written is multiplied by the total timeout multiplier, and
added to the total timeout constant. So, if TS is an FTTIMEQUTS structure and the number of
bytes to write is dwToWrite, the write timeout, wrTO, is calculated as follows.

wrTO = (dwToWrite * TS.WriteTotalTimeoutMultiplier) + TS.WriteTotalTimeoutConstant

Linux ignores the ReadIntervalTimeout, ReadTotalTimeoutMultiplier and
WriteTotalTimeoutMultiplier currently.

Example
This example shows how to setup a read timeout of 100 milliseconds and a write timeout of 200
milliseconds.

FT_HRNDLE ftHandle; // setup by FT_W32 CreateFile
FITIMEQUTS ftTS;

ftTS.ReadIntervalTimecut = 0;

ftTS.ReadTotalTimeoutMultiplier = 0;
ftTS.ReadTotalTimeoutConstant = 100;
ftTS.WriteTotalTimeoutMultiplier = 0;
ftTS.WriteTotalTimeoutConstant = 200;

if (FT W32 SetCommTimeouts (ftHandle, &ftTS))
i // FT W32 SetCommTimeouts CK
else

; // FT_W32 SetCommTimeouts failed
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518 FT_W32_SetupComm

This function sets the read and write buffers.

BOOL FT_W32_SetupComm (FT_HANDLE ftHandle, DIWORD dwReadBufferSize, DWORD

dwWWriteBufferSize)
Parameters
ftHandle Handle of the device.
dwReadBufferSize Length, in bytes, of the read buffer.
dwWiteBufferSize Length, in bytes, of the write buffer.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
This function has no effect. It is the responsibility of the driver to allocate sufficient storage for I/O
requests.
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5.19

FT_W32_WaitCommEvent

This function waits for an event to occur.

BOOL FT_W32_WaitCommEvent (FT_HANDLE ffHandle, LPDWORD IpdwEvent,
LPOVERLAPPED IpOverlapped)

Parameters

ftHandle Handle of the device.

IpdwEvent Pointer to a location that receives a mask that contains the
events that occurred.

IpOverlapped Pointer to an overlapped structure.

Return Value
If the function is successful, the return value is nonzero.
If the function is unsuccessful, the return value is zero.

Remarks
This function supports both non-overlapped and overlapped 1/O, except under Windows CE and
Linux where only non-overlapped IO is supported.

Non-overlapped I/O

The parameter, JpOverfapped, must be NULL for non-overlapped I/O.

This function does not return until an event that has been specified in a call to
FT W32 SetCommMask % has occurred. The events that occurred and resulted in this function
returning are stored in /pdwEvent.

Overlapped I/O
When the device has been opened for overlapped I/O, an application can issue a request and

perform some additional work while the request is pending. This contrasts with the case of non-
overlapped 1/0 in which the application issues a request and receives control again only after the
request has been completed.

The parameter, [pOverlapped, must point to an initialized OVERLAPPED structure.

This function does not return until an event that has been specified in a call to
FT W32 SetCommMask/% has occurred.

If an event has already occurred, the request completes immediately, and the return code is non-
zero. The events that occurred are stored in [pdwEvent.

If an event has not yet occurred, the request completes immediately, and the retum code is zero,
signifying an error. An application should call FT_W32 GetlLastError/é to get the cause of the
error. If the error code is ERROR_IO_PENDING, the overlapped operation is still in progress, and
the application can perform other processing. Eventually, the application checks the result of the
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overlapped request by calling FT_W32 GetOverlappedResult[s. The events that occurred and
resulted in this function returning are stored in IpdwEvent.

Example

This example shows how to write 128 bytes to the device using non-overlapped I/O.

FT HANDLE ftHandle; // setup by FT W32 CreateFile for non-overlapped i/o
DWORD dwEvents;

if (FT W32 WaitCommEvent {(ftHandle, &dwEvents, NULL])

7 // FT W32 WaitCommEvents CK

alse
;

// FT W32 WaltCommEvents failed

This example shows how to write 128 bytes to the device using overlapped 1/O.

FT HANDLE ftHandle; // setup by FT W32 CreateFile for overlapped i/o
DWORD dwEwvents;

LWORD dwRes;

COVERLAFPED osWalt = { 0 };

if {(!FT W32 WaitCommEvent (ftHandle, &dwEwvents, &osWait)) {
if (FT_W32 GetLastError(ftHandle == ERRCR _IC PENDING) {
// wait 1s delayed so do some other stuff until ...
if (IFT W32 GetOverlappedResult (ftHandle, &osWalt, &dwRes, FALSE))

',

- S~ i @
glge
7 // FT_W32 WaltCommEvent OK

// Events that occurred are stored in dwEvents
1
J:

al

ze {
// FT W32 WaltCommEvent CK
// Events that cccurred are stored in dwEvents

}
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6 Appendix

This section contains type definitions|105 of the functional parameters and retum codes used in the
D2XX programming interface. It also contains a copy of the current FTD2XX.H file[11.
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6.1

Type Definitions

Excerpts from the header file FTD2XX.H 111 are included in this appendix to explain any
references in the descriptions of the functions in this document.

For Visual C++ applications, these values are pre-declared in the header file (FTD2XX.H/[111),
which is included in the driver release. For other languages, these definitions will have to be
converted to use equivalent types, and may have to be defined in an include file or within the body
of the code. For non-Visual C++ applications, check the application code examples on the

FTDI website as a translation of these may already exist.

UCHAR Unsigned char (1 byte)

PUCHAR Pointer to unsigned char (4 bytes)
PCHAR Pointer to char (4 bytes)

DWORD Unsigned long (4 bytes)
LPDWORD Pointer to unsigned long (4 bytes)
FT_HANDLE DWORD

FT_STATUS (DWORD)
FT_OK=0
FT_INVALID_HANDLE = 1
FT_DEVICE_NOT_FOUND = 2
FT_DEVICE_NOT_OPENED = 3
FT_IO_ERROR = 4
FT_INSUFFICIENT_RESOURCES = 5
FT_INVALID_PARAMETER = 6
FT_INVALID_BAUD_RATE = 7
FT_DEVICE_NOT_OPENED_FOR_ERASE = 8
FT_DEVICE_NOT_OPENED_FOR_WRITE = 9
FT_FAILED_TO_WRITE_DEVICE = 10
FT_EEPROM_READ_FAILED = 11
FT_EEPROM_WRITE_FAILED = 12
FT_EEPROM_ERASE_FAILED = 13
FT_EEPROM_NOT_PRESENT = 14
FT_EEPROM_NOT_PROGRAMMED = 15
FT_INVALID_ARGS = 16
FT_NOT_SUPPORTED = 17
FT_OTHER_ERROR = 18

Flags (see FT_OpenEx/121)
FT_OPEN_BY_SERIAL_NUMBER = 1
FT_OPEN_BY_DESCRIPTION = 2
FT_OPEN_BY_LOCATION = 4

Flags (see FT_ListDevices| &1)
FT_LIST_NUMBER_ONLY = 0x80000000
FT_LIST_BY_INDEX = 0x40000000
FT_LIST_ALL = 0x20000000

FT_DEVICE (DWORD)
FT_DEVICE_232BM =0
FT_DEVICE_232AM = 1
FT_DEVICE_100AX = 2
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FT_DEVICE_UNKNOWN = 3
FT_DEVICE_2232C = 4
FT_DEVICE_232R=5

Word Length (see FT SetDataCharacteristicsEﬁ)
FT_BITS 8=8
FT_BITS 7=7

Stop Bits (see FT SetDataCharacteristicsEf‘l)
FT_STOP_BITS_1=0
FT_STOP_BITS 2=2

Parity (see FT SetDataCharacteristicsEf‘l)
FT_PARITY_NONE =0
FT_PARITY_ODD =1
FT_PARITY_EVEN =2
FT_PARITY_MARK =3
FT_PARITY_SPACE =4

Flow Control (see FT SetFIowControI@‘l)
FT_FLOW_NONE = 0x0000
FT_FLOW_RTS_CTS = 0x0100
FT_FLOW_DTR_DSR = 0x0200
FT_FLOW_XON_XOFF = 0x0400

Purge RX and TX Buffers (see FT_Purge/21)
FT_PURGE_RX = 1
FT_PURGE_TX =2

Notification Events (see FT SetEventNotification@)
FT_EVENT_RXCHAR =1
FT_EVENT_MODEM_STATUS =2

Modem Status (see FT_GetModemStatus|27)
CTS =0x10
DSR = 0x20
RI = 0x40
DCD = 0x80

FT232R CBUS EEPROM OPTIONS - Ignored for FT245R (see FT_EE_Program|3] and
FT_EE_Read &)

CBUS_TXDEN = 0x00

CBUS_PWRON = 0x01

CBUS_RXLED = 0x02

CBUS_TXLED = 0x03

CBUS_TXRXLED = 0x04

CBUS_SLEEP = 0x05

CBUS_CLK48 = 0x06

CBUS_CLK24 = 0x07
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CBUS_CLK12 = 0x08
CBUS_CLKG6 = 0x09
CBUS_IOMODE = 0x0A
CBUS_BITBANG_WR = 0x0B
CBUS_BITBANG_RD = 0x0C

FT_DEVICE_LIST_INFO_NODE (see FT GetDevicelnfoList/41)
typedef struct _ft_device_list_info_node {

DWORD Flags;

DWORD Type;

DWORD ID;

DWORD Locld;

char SerialNumber[16];

char Description[64];

FT_HANDLE ftHandle;
} FT_DEVICE_LIST_INFO_NODE;

FT_PROGRAM_DATA (EEPROM Programming Interface)
typedef struct ft_program_data {

WORD Vendorld; // 0x0403

WORD Productid; /I 0x6001

char *Manufacturer; /[ "FTDI"

char *Manufacturerld; /FT"

char *Description; // "USB HS Serial Converter"

char *SerialNumber; /f "FT0O00001" if fixed, or NULL
WORD MaxPower; I/ 0 < MaxPower <= 500

WORD PnP; // 0 = disabled, 1 = enabled

WORD SelfPowered; // 0 = bus powered, 1 = self powered
WORD RemoteWakeup; // 0 = not capable, 1 = capable

I
I/ Rev4 extensions
/I

UCHAR Rev4; /f true if Rev4 chip, false otherwise
UCHAR lIsoln; // true if in endpoint is isochronous
UCHAR IsoOut; // true if out endpoint is isochronous
UCHAR PullDownEnable; // true if pull down enabled

UCHAR SerNumEnable; /f true if serial number to be used
UCHAR USBVersionEnable; // true if chip uses USBVersion
WORD USBVersion; // BCD (0x0200 => USB2)

} FT_PROGRAM_DATA, *PFT_PROGRAM_DATA;

FT_PROGRAM_DATA (EEPROM Programming Interface - compatible with DLL version
2.1.4.1 or later)
typedef struct ft_program_data {

DWORD Signature1,; {/f Header - must be 0x00000000

DWORD Signature2; /I Header - must be Oxffffffff

DWORD Version; // Header - FT_PROGRAM_DATA version
/ 0 = original
/ 1 =FT2232C extensions

WORD Vendorld; // 0x0403

WORD Productid; /1 0x6001

char *Manufacturer; /I "FTDI"

char *Manufacturerld; IFT"

char *Description; // "USB HS Serial Converter"
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char *SerialNumber;
WORD MaxPower;
WORD PnP;

WORD SelfPowered;
WORD RemoteWakeup;
I

I/l Rev4 extensions

I

UCHAR Rev4;

UCHAR lIsoln;

UCHAR IsoOut;

UCHAR PullDownEnable;
UCHAR SerNumEnable;
UCHAR USBVersionEnable;
WORD USBVersion;

i

/I FT2232C extensions

/l

UCHAR Rev5;

UCHAR IsolnA;

UCHAR IsolnB;

UCHAR IsoQutA;
UCHAR IsoQutB;
UCHAR PullDownEnable5;
UCHAR SerNumEnable5;
UCHAR USBVersionEnable5;
WORD USBVersion5;
UCHAR AlsHighCurrent;
UCHAR BlsHighCurrent;
UCHAR IFAlsFifo;
UCHAR IFAlsFifoTar,;
UCHAR IFAlsFastSer;
UCHAR AlsVCP;

UCHAR IFBIsFifo;
UCHAR IFBIsFifoTar,;
UCHAR IFBIsFastSer;
UCHAR BIsVCP;

/I "FT000001" if fixed, or NULL

1/ 0 < MaxPower <= 500

// 0 = disabled, 1 = enabled

// 0 = bus powered, 1 = self powered
// 0 = not capable, 1 = capable

// non-zero if Rev4 chip, zero otherwise
// non-zero if in endpoint is isochronous
// non-zero if out endpoint is isochronous
// non-zero if pull down enabled
// non-zero if serial number to be used
// non-zero if chip uses USBVersion
/1 BCD (0x0200 => USB2)

// non-zero if Rev5 chip, zero otherwise

// non-zero if in endpoint is isochronous

// non-zero if in endpoint is isochronous

// non-zero if out endpoint is isochronous

// non-zero if out endpoint is isochronous

// non-zero if pull down enabled

// non-zero if serial number to be used

// non-zero if chip uses USBVersion

// BCD (0x0200 => USB2)
// non-zero if interface is high current
// non-zero if interface is high current

/[ non-zero if interface is 245 FIFO

/I non-zero if interface is 245 FIFO CPU target

/ non-zero if interface is Fast serial

// non-zero if interface is to use VCP drivers

/[ non-zero if interface is 245 FIFO

/I non-zero if interface is 245 FIFO CPU target

// non-zero if interface is Fast serial

// non-zero if interface is to use VCP drivers

} FT_PROGRAM_DATA, *PFT_PROGRAM_DATA,;

FT_PROGRAM_DATA (EEPROM Programming Interface - compatible with DLL version

3.1.6.1 or later)

typedef struct ft_program_data {
DWORD Signature1;
DWORD Signature2;
DWORD Version;

WORD Vendorld;
WORD Productld;
char *Manufacturer;
char *Manufacturerld;
char *Description;
char *SerialNumber;
WORD MaxPower,;
WORD PnP;

WORD SelfPowered;

// Header - must be 0x00000000

/l Header - must be Oxffffffff

/l Header - FT_PROGRAM_DATA version
Vi 0 = original

I 1 =FT2232C extensions

1 2 =FT232R extensions

/1 0x0403

/1 0x6001

[ "FTDI"

{F T

/1 "USB HS Serial Converter"

/1 "FT0O00001" if fixed, or NULL

/1 0 < MaxPower <= 500

/1 0 = disabled, 1 = enabled

/1 0 = bus powered, 1 = self powered
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WORD RemoteWakeup;
/I

I/ Revd extensions

/I

UCHAR Rev4;

UCHAR lIsoln;

UCHAR IsoOut;

UCHAR PullDownEnable;
UCHAR SerNumEnable;

UCHAR USBVersionEnable;

WORD USBVersion;

/I

I FT2232C extensions

I

UCHAR Rev5;

UCHAR lIsolnA;

UCHAR IsolnB;

UCHAR IsoQutA;
UCHAR IsoQutB;
UCHAR PullDownEnable5;
UCHAR SerNumEnable5;

UCHAR USBVersionEnable5;

WORD USBVersion5;
UCHAR AlsHighCurrent;
UCHAR BlsHighCurrent;
UCHAR IFAlsFifo;
UCHAR IFAlsFifoTar,;
UCHAR IFAlsFastSer;
UCHAR AlsVCP;
UCHAR IFBIsFifo;
UCHAR IFBIsFifoTar,;
UCHAR IFBIsFastSer;
UCHAR BIsVCP;

/Il

/I FT232R extensions

/!

UCHAR UseExtOsc;
UCHAR HighDrivelOs;
UCHAR EndpointSize;
UCHAR PullDownEnableR;
UCHAR SerNumEnableR,;
UCHAR InvertTXD;
UCHAR InvertRXD;
UCHAR InvertRTS;
UCHAR InvertCTS;
UCHAR InvertDTR;
UCHAR InvertDSR;
UCHAR InvertDCD;
UCHAR InvertRI;
UCHAR Cbus0;

UCHAR Cbus1;

UCHAR Cbus2;

UCHAR Cbus3;

UCHAR Cbus4;

UCHAR RIsVCP;

// 0 = not capable, 1 = capable

// non-zero if Rev4 chip, zero otherwise
// non-zero if in endpoint is isochronous
// non-zero if out endpoint is isochronous
// non-zero if pull down enabled
// non-zero if serial number to be used
// non-zero if chip uses USBVersion
/1 BCD (0x0200 => USB2)

// non-zero if Rev5 chip, zero otherwise

/I non-zero if in endpoint is isochronous

// non-zero if in endpoint is isochronous

/ non-zero if out endpoint is isochronous

// non-zero if out endpoint is isochronous

/ non-zero if pull down enabled

// non-zero if serial number to be used

/ non-zero if chip uses USBVersion

// BCD (0x0200 => USB2)
// non-zero if interface is high current
// non-zero if interface is high current

/[ non-zero if interface is 245 FIFO

/I non-zero if interface is 245 FIFO CPU target

/ non-zero if interface is Fast serial

// non-zero if interface is to use VCP drivers

/[ non-zero if interface is 245 FIFO

/I non-zero if interface is 245 FIFO CPU target

/ non-zero if interface is Fast serial

// non-zero if interface is to use VCP drivers

I/ Use External Oscillator
/I High Drive 1/Os
/ Endpoint size
// non-zero if pull down enabled
// non-zero if serial number to be used
/[ non-zero if invert TXD
/[ non-zero if invert RXD
/[ non-zero if invert RTS
/l non-zero if invert CTS
/ non-zero if invert DTR
/[ non-zero if invert DSR
/l non-zero if invert DCD
/[ non-zero if invert RI
/I Cbus Mux control - Ignored for FT245R
/I Cbus Mux control - Ignored for FT245R
/I Cbus Mux control - Ignored for FT245R
/I Cbus Mux control - Ignored for FT245R
/I Cbus Mux control - Ignored for FT245R
// non-zero if using VCP drivers

} FT_PROGRAM_DATA, *PFT_PROGRAM_DATA,;
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FTCOMSTAT (FT-Win32 Programming Interface)

typedef struct _FTCOMSTAT {
DWORD fCtsHold : 1;
DWORD fDsrHold : 1;
DWORD fRisdHold : 1;
DWORD fXoffHold : 1;
DWORD fXoffSent : 1;
DWORD fEof : 1;
DWORD fTxim : 1;
DWORD fReserved : 25;
DWORD cblInQue;
DWORD cbOutQue;

} FTCOMSTAT, *LPFTCOMSTAT,

FTDCB (FT-Win32 Programming Interface)
typedef struct _FTDCB {
DWORD DCBlength;
DWORD BaudRate;
DWORD fBinary: 1;
DWORD fParity: 1;
DWORD fOutxCtsFlow:1;
DWORD fOutxDsrFlow:1;
DWORD fDtrControl:2;
DWORD fDsrSensitivity:1;
DWORD fTXContinueOnXoff: 1;
DWORD fOutX: 1;
DWORD fInX: 1;
DWORD fErrorChar: 1;
DWORD fNull: 1;
DWORD fRtsControl:2;
DWORD fAbortOnError:1;
DWORD fDummy2:17,;
WORD wReserved:;
WORD XonLim;
WORD XoffLim;
BYTE ByteSize;
BYTE Parity;
BYTE StopBits;
char XonChar;
char XoffChar;
char ErrorChar;
char EofChar;
char EvtChar;
WORD wReserved1;
} FTDCB, *LPFTDCB;

/ sizeof(FTDCB)
// Baudrate at which running
// Binary Mode (skip EOF check)
/l Enable parity checking
/I CTS handshaking on output
// DSR handshaking on output
// DTR Flow control
/I DSR Sensitivity
/I Continue TX when Xoff sent
// Enable output X-ON/X-OFF
// Enable input X-ON/X-OFF
// Enable Err Replacement
// Enable Null stripping
/I Rts Flow control
// Abort all reads and writes on Error
// Reserved
// Not currently used
/f Transmit X-ON threshold
/l Transmit X-OFF threshold
// Number of bits/byte, 7-8

// 0-4=None,Odd,Even,Mark,Space

/02=1,2
/f Tx and Rx X-ON character
/l Tx and Rx X-OFF character

/I Error replacement char

/l End of Input character
// Received Event character
I Fill

FTTIMEOUTS (FT-Win32 Programming Interface)

typedef struct _FTTIMEOUTS {
DWORD ReadIntervalTimeout;
DWORD ReadTotalTimeoutMultiplier;
DWORD ReadTotalTimeoutConstant;
DWORD WriteTotalTimeoutMultiplier;
DWORD WriteTotalTimeoutConstant;
} FTTIMEOUTS, *LPFTTIMEOUTS;

/f Maximum time between read chars
/l Multiplier of characters

/f Constant in milliseconds

/I Multiplier of characters

/f Constant in milliseconds

© Future Technology Devices International Ltd. 2006



111

D2XX Programmer's Guide

6.2

FTD2XX.H
[+
Copyright (c) 2001-2005 Future Technology Devices International Ltd.
Module Name:
ftd2xx.h
Abstract:

Native USB device driver for FTDI FT8U232/245
FTD2XX library definitions

Environment:
kernel & user mode
Revision History:

13/03/01 awm Created.

13/01/03 awm Added device information support.
19/03/03 awm Added FT_W32_Cancello.

12/06/03 awm Added FT_StopinTask and FT_RestartinTask.
18/09/03 awm Added FT_SetResetPipeRetryCount.

10/10/03 awm Added FT_ResetPort.

23/01/04 awm Added support for open-by-location.

16/03/04 awm Added support for FT2232C.

23/09/04 awm Added support for FT232R.

20/10/04 awm Added FT_CyclePort.

18/01/05 awm Added FT_DEVICE_LIST_INFO_NODE type.
11/02/05 awm Added Locld to FT_DEVICE_LIST_INFO_NODE.
25/08/05 awm Added FT_SetDeadmanTimeout.

02/12/05 awm Removed obsolete references.

05/12/05 awm Added FT_GetVersion, FT_GetVersionEx.

i

#ifndef FTD2XX_H
#define FTD2XX_H

// The following ifdef block is the standard way of creating macros

/ which make exporting from a DLL simpler. All files within this DLL

/l are compiled with the FTD2XX_EXPORTS symbol defined on the command line.
// This symbol should not be defined on any project that uses this DLL.

// This way any other project whose source files include this file see

/I FTD2XX_API functions as being imported from a DLL, whereas this DLL

I/ sees symbols defined with this macro as being exported.

#ifdef FTD2XX_EXPORTS
#define FTD2XX_API __declspec(dllexport)
#else

#define FTD2XX_API __declspec(dllimport)
#endif
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typedef PVOID FT_HANDLE;
typedef ULONGFT_STATUS;

1

/{ Device status

1

enum {
FT_OK,
FT_INVALID_HANDLE,
FT_DEVICE_NOT_FOUND,
FT_DEVICE_NOT_OPENED,
FT_IO_ERROR,
FT_INSUFFICIENT_RESOURCES,
FT_INVALID_PARAMETER,
FT_INVALID_BAUD_RATE,

FT_DEVICE_NOT_OPENED_FOR_ERASE,
FT_DEVICE_NOT_OPENED_FOR_WRITE,
FT_FAILED_TO_WRITE_DEVICE,
FT_EEPROM_READ_FAILED,
FT_EEPROM_WRITE_FAILED,
FT_EEPROM_ERASE_FAILED,
FT_EEPROM_NOT_PRESENT,
FT_EEPROM_NOT_PROGRAMMED,
FT_INVALID_ARGS,
FT_NOT_SUPPORTED,
FT_OTHER_ERROR

#define FT_SUCCESS(status) ((status) == FT_OK)

Vi
/I FT_OpenEx Flags
Vi

#define FT_OPEN_BY_SERIAL_NUMBER 1
#define FT_OPEN_BY_DESCRIPTION 2
#define FT_OPEN_BY_LOCATION 4

Vi
/I FT_ListDevices Flags (used in conjunction with FT_OpenEx Flags
Vi

#define FT_LIST_NUMBER_ONLY 0x80000000
#define FT_LIST_BY_INDEX 0x40000000
#define FT_LIST_ALL 0x20000000

#define FT_LIST_MASK (FT_LIST_NUMBER_ONLY|FT_LIST_BY_INDEX|FT_LIST_ALL)

"
// Baud Rates
"

#define FT_BAUD_300 300
#define FT_BAUD_600 600
#define FT_BAUD_1200 1200
#define FT_BAUD_2400 2400
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#define FT_BAUD_4800
#define FT_BAUD_9600
#define FT_BAUD_14400
#define FT_BAUD_19200
#define FT_BAUD_38400
#define FT_BAUD_57600
#define FT_BAUD_115200
#define FT_BAUD_230400
#define FT_BAUD_460800
#define FT_BAUD_921600

"
/' Word Lengths
"

#define FT_BITS_8
#define FT_BITS_7
#define FT_BITS_6
#define FT_BITS_5

Vi
/I Stop Bits
Vi

#define FT_STOP_BITS_1
#define FT_STOP_BITS_1_5
#define FT_STOP_BITS_2

Vi
/I Parity
Vi

#define FT_PARITY_NONE
#define FT_PARITY_ODD
#define FT_PARITY_EVEN
#define FT_PARITY_MARK
#define FT_PARITY_SPACE

"
/l Flow Control
/"

#define FT_FLOW_NONE

#define FT_FLOW_RTS_CTS
#define FT_FLOW_DTR_DSR
#define FT_FLOW_XON_XOFF  0x0400

/
/ Purge rx and tx buffers
/
#define FT_PURGE_RX
#define FT_PURGE_TX

"
/l Events
/"

1
2

4800
9600
14400
19200
38400
57600
115200
230400
460800
921600

(UCHAR) 8
(UCHAR) 7
(UCHAR) 6
(UCHAR) 5

(UCHAR) 0

(UCHAR) 1

(UCHAR) 2

(UCHAR) 0
(UCHAR) 1
(UCHAR) 2
(UCHAR) 3
(UCHAR) 4

0x0200

typedef void (*PFT_EVENT_HANDLER)(DWORD,DWORD):
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#define FT_EVENT_RXCHAR 1
#define FT_EVENT_MODEM_STATUS 2

I
/f Timeouts
/I

#define FT_DEFAULT_RX_TIMEOUT 300

#define FT_DEFAULT_TX_TIMEOUT 300

i
// Device types
i

typedef ULONG FT_DEVICE;

enum {
FT_DEVICE_BM,
FT_DEVICE_AM,
FT_DEVICE_100AX,
FT_DEVICE_UNKNOWN,
FT_DEVICE_2232C,
FT_DEVICE_232R

#ifdef __cplusplus
extern "C" {
#endif

FTD2XX_API

FT_STATUS WINAPI FT_Open(
int deviceNumber,
FT_HANDLE *pHandle

)i

FTD2XX_API

FT_STATUS WINAPI FT_OpenEx(
PVOID pArg1,
DWORD Flags,
FT_HANDLE *pHandle

);

FTD2XX_API
FT_STATUS WINAPI FT_ListDevices(
PVOID pArg1,
PVOID pArg2,
DWORD Flags
i

FTD2XX_API
FT_STATUS WINAPI FT_Close(
FT_HANDLE ftHandle

);
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FTD2XX_API

FT_STATUS WINAPI FT_Read(
FT_HANDLE ftHandle,
LPVOID IpBuffer,
DWORD nBufferSize,
LPDWORD IpBytesReturned

L]

FTD2XX_API

FT_STATUS WINAPI FT_Write(
FT_HANDLE ftHandle,
LPVOID IpBuffer,
DWORD nBufferSize,
LPDWORD IpBytesWritten

%

FTD2XX_API

FT_STATUS WINAPI FT_loCtl(
FT_HANDLE ftHandle,
DWORD dwloControlCode,
LPVOID IpInBuf,
DWORD niInBufSize,
LPVOID IpOQutBuf,
DWORD nOQOutBufSize,
LPDWORD IpBytesReturned,
LPOVERLAPPED IpOverlapped

);

FTD2XX_API
FT_STATUS WINAPI FT_SetBaudRate(
FT_HANDLE ftHandle,
ULONG BaudRate

%

FTD2XX_API
FT_STATUS WINAPI FT_SetDivisor(
FT_HANDLE ftHandle,
USHORT Divisor

i

FTD2XX_API
FT_STATUS WINAPI FT_SetDataCharacteristics(
FT_HANDLE ftHandle,
UCHAR WordLength,
UCHAR StopBits,
UCHAR Parity

i

FTD2XX_API
FT_STATUS WINAPI FT_SetFlowControl(
FT_HANDLE ftHandle,
USHORT FlowControl,
UCHAR XonChar,
UCHAR XoffChar

);

FTD2XX_API
FT_STATUS WINAPI FT_ResetDevice(
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FT_HANDLE ftHandle
);

FTD2XX_API
FT_STATUS WINAPI FT_SetDtr(
FT_HANDLE ftHandle

);

FTD2XX_API
FT_STATUS WINAPI FT_CIrDtr(
FT_HANDLE ftHandle

X;

FTD2XX_API
FT_STATUS WINAPI FT_SetRts(
FT_HANDLE ftHandle

);

FTD2XX_API
FT_STATUS WINAPI FT_CIrRts(
FT_HANDLE ftHandle

iF

FTD2XX_API
FT_STATUS WINAPI FT_GetModemStatus(
FT_HANDLE ftHandle,
ULONG *pModemStatus

);

FTD2XX_API
FT_STATUS WINAPI FT_SetChars(
FT_HANDLE ftHandle,
UCHAR EventChar,
UCHAR EventCharEnabled,
UCHAR ErrorChar,
UCHAR ErrorCharEnabled

%

FTD2XX_API
FT_STATUS WINAPI FT_Purge(
FT_HANDLE ftHandle,
ULONG Mask

i

FTD2XX_API
FT_STATUS WINAPI FT_SetTimeouts(
FT_HANDLE ftHandle,
ULONG ReadTimeout,
ULONG WriteTimeout

);

FTD2XX_API
FT_STATUS WINAPI FT_GetQueueStatus(
FT_HANDLE ftHandle,
DWORD *dwRxBytes

%;
FTD2XX_API
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FT_STATUS WINAPI FT_SetEventNotification(

FT_HANDLE ftHandle,
DWORD Mask,
PVOID Param

%

FTD2XX_API
FT_STATUS WINAPI FT_GetStatus(
FT_HANDLE ftHandle,
DWORD *dwRxBytes,
DWORD *dwTxBytes,
DWORD *dwEventDWord

X

FTD2XX_API
FT_STATUS WINAPI FT_SetBreakOn(
FT_HANDLE ftHandle

5

FTD2XX_API
FT_STATUS WINAPI FT_SetBreakOff(
FT_HANDLE ftHandle

%

FTD2XX_API

FT_STATUS WINAPI FT_SetWaitMask(
FT_HANDLE ftHandle,
DWORD Mask

FTD2XX_API

FT_STATUS WINAPI FT_WaitOnMask(
FT_HANDLE ftHandle,
DWORD *Mask

);

FTD2XX_API

FT_STATUS WINAPI FT_GetEventStatus(
FT_HANDLE ftHandle,
DWORD *dwEventDWord

);

FTD2XX_API
FT_STATUS WINAPI FT_ReadEE(
FT_HANDLE ftHandle,
DWORD dwWordOffset,
LPWORD IpwValue

)

FTD2XX_API
FT_STATUS WINAPI FT_WriteEE(
FT_HANDLE ftHandle,
DWORD dwWordOffset,
WORD wValue

);

FTD2XX_API
FT_STATUS WINAPI FT_EraseEE(
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FT_HANDLE ftHandle
);

"

// structure to hold program data for FT_Program function

i
typedef struct ft_program_data {

DWORD Signature1;
DWORD Signature2;
DWORD Version;

WORD Vendorld;

WORD Productld;

char *Manufacturer;

char *Manufacturerld;
char *Description;

char *SerialNumber;
WORD MaxPower,;
WORD PnP;

WORD SelfPowered;
WORD RemoteWakeup;
/l

/I Rev4 extensions

/!

UCHAR Rev4;

UCHAR Isoln;

UCHAR IsoQut;

UCHAR PullDownEnable;
UCHAR SerNumEnable;
UCHAR USBVersionEnable;
WORD USBVersion;

/l

/I FT2232C extensions

/l

UCHAR Rev5;

UCHAR IsolnA;

UCHAR IsolnB;

UCHAR IsoQutA;
UCHAR IsoQutB;
UCHAR PullDownEnable5;
UCHAR SerNumEnable5;
UCHAR USBVersionEnable5;
WORD USBVersion5;
UCHAR AlsHighCurrent;
UCHAR BlsHighCurrent;
UCHAR IFAlsFifo;
UCHAR IFAlsFifoTar,;
UCHAR IFAlsFastSer;
UCHAR AlsVCP;

UCHAR IFBIsFifo;
UCHAR IFBIsFifoTar,;
UCHAR IFBIsFastSer;
UCHAR BIsVCP;

/l

// Header - must be 0x00000000

I/ Header - must be OXFFfff

// Header - FT_PROGRAM_DATA version
Vi 0 = original

Vi 1 = FT2232C extensions

Vi 2 = FT232R extensions

/1 0x0403

/1 0x6001

[ "FTDI"

{F T

/1 "USB HS Serial Converter"

/1 "FT0O00001" if fixed, or NULL

/1 0 < MaxPower <= 500

/1 0 = disabled, 1 = enabled

/1 0 = bus powered, 1 = self powered
// 0 = not capable, 1 = capable

// non-zero if Rev4 chip, zero otherwise
// non-zero if in endpoint is isochronous
// non-zero if out endpoint is isochronous
// non-zero if pull down enabled
// non-zero if serial number to be used
// non-zero if chip uses USBVersion
// BCD (0x0200 => USB2)

// non-zero if Rev5 chip, zero otherwise

// non-zero if in endpoint is isochronous

// non-zero if in endpoint is isochronous

// non-zero if out endpoint is isochronous

// non-zero if out endpoint is isochronous

// non-zero if pull down enabled

// non-zero if serial number to be used

// non-zero if chip uses USBVersion

// BCD (0x0200 => USB2)
// non-zero if interface is high current
// non-zero if interface is high current

/[ non-zero if interface is 245 FIFO

/I non-zero if interface is 245 FIFO CPU target

/ non-zero if interface is Fast serial

// non-zero if interface is to use VCP drivers

/[ non-zero if interface is 245 FIFO

/I non-zero if interface is 245 FIFO CPU target

/ non-zero if interface is Fast serial

// non-zero if interface is to use VCP drivers
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I FT232R extensions

/I

UCHAR UseExtOsc; // Use External Oscillator
UCHAR HighDrivelOs; / High Drive I/Os

UCHAR EndpointSize; /f Endpoint size

UCHAR PullDownEnableR; /l non-zero if pull down enabled
UCHAR SerNumEnableR; /f non-zero if serial number to be used
UCHAR InvertTXD; /l non-zero if invert TXD
UCHAR InvertRXD; /I non-zero if invert RXD
UCHAR InvertRTS; /l non-zero if invert RTS
UCHAR InvertCTS; /I non-zero if invert CTS
UCHAR InvertDTR; /l non-zero if invert DTR
UCHAR InvertDSR; /l non-zero if invert DSR
UCHAR InvertDCD; /l non-zero if invert DCD
UCHAR InvertRI; /f non-zero if invert RI
UCHAR Cbus0; // Cbus Mux control

UCHAR Cbus1; /l Cbus Mux control

UCHAR Cbus2; / Cbus Mux control

UCHAR Cbus3; /f Cbus Mux control

UCHAR Chbus4; /f Cbus Mux control

UCHAR RIsVCP; /l non-zero if using D2XX drivers

} FT_PROGRAM_DATA, *PFT_PROGRAM_DATA;

FTD2XX_API
FT_STATUS WINAPI FT_EE_Program(
FT_HANDLE ftHandle,
PFT_PROGRAM_DATA pData

%

FTD2XX_API
FT_STATUS WINAPI FT_EE_ProgramEx(
FT_HANDLE ftHandle,

PFT_PROGRAM_DATA pData,
char *Manufacturer,
char *Manufacturerld,
char *Description,
char *SerialNumber

i

FTD2XX_API
FT_STATUS WINAPI FT_EE_Read(
FT_HANDLE ftHandle,
PFT_PROGRAM_DATA pData

);

FTD2XX_API
FT_STATUS WINAPI FT_EE_ReadEx(
FT_HANDLE ftHandle,

PFT_PROGRAM_DATA pData,
char *Manufacturer,
char *Manufacturerld,
char *Description,
char *SerialNumber
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i

FTD2XX_API
FT_STATUS WINAPI FT_EE_UASize(
FT_HANDLE ftHandle,
LPDWORD IpdwSize

);

FTD2XX_API
FT_STATUS WINAPI FT_EE_UAWrite(
FT_HANDLE ftHandle,
PUCHAR pucData,
DWORD dwDatalen

)i

FTD2XX_API
FT_STATUS WINAPI FT_EE_UARead(
FT_HANDLE ftHandle,
PUCHAR pucData,
DWORD dwDatalen,
LPDWORD IpdwBytesRead

)

FTD2XX_API

FT_STATUS WINAPI FT_SetLatencyTimer(
FT_HANDLE ftHandle,
UCHAR ucLatency

5

FTD2XX_API

FT_STATUS WINAPI FT_GetLatencyTimer(
FT_HANDLE ftHandle,
PUCHAR puclLatency

);

FTD2XX_API
FT_STATUS WINAPI FT_SetBitMode(
FT_HANDLE ftHandle,
UCHAR ucMask,
UCHAR ucEnable
);

FTD2XX_API

FT_STATUS WINAPI FT_GetBitMode(
FT_HANDLE ftHandle,
PUCHAR pucMode

);
FTD2XX_API

FT_STA'FUS WINAPI FT_SetUSBParameters(

FT_HANDLE ftHandle,
ULONG ullnTransferSize,
ULONG ulOutTransferSize

>
FTD2XX_API

FT_STA'FUS WINAPI FT_SetDeadmanTimeout(

FT_HANDLE ftHandle,
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ULONG ulDeadmanTimeout
1

FTD2XX_API
FT_STATUS WINAPI FT_GetDevicelnfo(
FT_HANDLE ftHandle,
FT_DEVICE *IpftDevice,
LPDWORD IpdwID,
PCHAR SerialNumber,
PCHAR Description,
LPVOID Dummy

%

FTD2XX_API
FT_STATUS WINAPI FT_StopInTask(
FT_HANDLE ftHandle

%

FTD2XX_API
FT_STATUS WINAPI FT_RestartinTask(
FT_HANDLE ftHandle

%

FTD2XX_API
FT_STATUS WINAPI FT_SetResetPipeRetryCount(
FT_HANDLE ftHandle,
DWORD dwCount
i

FTD2XX_API
FT_STATUS WINAPI FT_ResetPort(
FT_HANDLE ftHandle

);

FTD2XX_API
FT_STATUS WINAPI FT_CyclePort(
FT_HANDLE ftHandle

);

"

/I Win32-type functions

Vi

FTD2XX_API

FT_HANDLE WINAPI FT_W32_CreateFile(
LPCSTR IpszName,
DWORD dwAccess,
DWORD dwShareMode,
LPSECURITY_ATTRIBUTES IpSecurityAttributes,
DWORD dwCreate,
DWORD dwAttrsAndFlags,
HANDLE hTemplate
X

FTD2XX_API

BOOL WINAPI FT_W32_CloseHandle(
FT_HANDLE ftHandle
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i

FTD2XX_API

BOOL WINAPI FT_W32_ReadFile(
FT_HANDLE fiHandle,
LPVOID IpBuffer,
DWORD nBufferSize,
LPDWORD IpBytesReturned,

LPOVERLAPPED IpOverlapped

);

FTD2XX_API

BOOL WINAPI FT_W32_WriteFile(
FT_HANDLE ftHandle,
LPVOID IpBuffer,
DWORD nBufferSize,
LPDWORD IpBytesWritten,

LPOVERLAPPED IpOverlapped

¢

FTD2XX_API
DWORD WINAPI FT_W32_GetLastError(
FT_HANDLE ftHandle

s

FTD2XX_API
BOOL WINAPI FT_W32_GetOverlappedResult(
FT_HANDLE ftHandle,
LPOVERLAPPED IpOverlapped,
LPDWORD IpdwBytesTransferred,
BOOL bWait
);

FTD2XX_API
BOOL WINAPI FT_W32_Cancello(
FT_HANDLE ftHandle

);

I
/I Win32 COMM API type functions
i
typedef struct _FTCOMSTAT {
DWORD fCtsHold : 1;
DWORD fDsrHold : 1;
DWORD fRIsdHold : 1;
DWORD fXoffHold : 1;
DWORD fXoffSent : 1;
DWORD fEof : 1;
DWORD fTxim : 1;
DWORD fReserved : 25;
DWORD cbInQue;
DWORD cbOutQue;
} FTCOMSTAT, *LPFTCOMSTAT,;

typedef struct _FTDCB {
DWORD DCBlength;  /* sizeof(FTDCB) *
DWORD BaudRate; /* Baudrate at which running W
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DWORD fBinary: 1;  /* Binary Mode (skip EOF check) */
DWORD fParity: 1;  /* Enable parity checking ¥

DWORD fOutxCtsFlow:1; /* CTS handshaking on output ¥
DWORD fOutxDsrFlow:1; /* DSR handshaking on output */
DWORD fDtrControl:2; /* DTR Flow control */

DWORD fDsrSensitivity:1; /* DSR Sensitivity */

DWORD fTXContinueOnXoff: 1; /* Continue TX when Xoff sent */
DWORD fOutX: 1; /* Enable output X-ON/X-OFF */
DWORD fInX: 1; /* Enable input X-ON/X-OFF L7
DWORD fErrorChar: 1; /* Enable Emr Replacement M

DWORD fNull: 1; /* Enable Null stripping ¥

DWORD fRtsControl:2; /* Rts Flow control *

DWORD fAbortOnError:1; /* Abort all reads and writes on Error */
DWORD fDummy2:17; /* Reserved s

WORD wReserved; /* Not currently used */

WORD XonLim; /* Transmit X-ON threshold ki |

WORD XoffLim; /* Transmit X-OFF threshold *f
BYTE ByteSize; /* Number of bits/byte, 4-8 i
BYTE Parity; /* 0-4=None,Odd,Even,Mark,Space */
BYTE StopBits; F012=1,152 *

char XonChar; /* Tx and Rx X-ON character Y
char XoffChar; /* Tx and Rx X-OFF character ¥

char ErrorChar; /* Error replacement char *
char EofChar; /* End of Input character )
char EvtChar; /* Received Event character )
WORD wReserved1;  /* Fill for now. )

}FTDCB, *LPFTDCB;

typedef struct _FTTIMEOUTS {
DWORD ReadIntervalTimeout; /* Maximum time between read chars. */
DWORD ReadTotalTimeoutMultiplier; /* Multiplier of characters. */
DWORD ReadTotalTimeoutConstant; /* Constant in milliseconds. "
DWORD WriteTotalTimeoutMultiplier; / Multiplier of characters. *
DWORD WriteTotalTimeoutConstant; /* Constant in milliseconds. b

} FTTIMEOUTS,*LPFTTIMEOUTS;

FTD2XX_API
BOOL WINAPI FT_W32_ClearCommBreak(
FT_HANDLE ftHandle

);

FTD2XX_API
BOOL WINAPI FT_W32_ClearCommError(
FT_HANDLE ftHandle,
LPDWORD IpdwErrors,
LPFTCOMSTAT IpftComstat

7

FTD2XX_API
BOOL WINAPI FT_W32_EscapeCommFunction(
FT_HANDLE ftHandle,
DWORD dwFunc

)i

FTD2XX_API
BOOL WINAPI FT_W32_GetCommModemStatus(
FT_HANDLE ftHandle,
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LPDWORD IpdwModemStatus
);

FTD2XX_API

BOOL WINAPI FT_W32_GetCommState(
FT_HANDLE ftHandle,
LPFTDCB IpftDcb

);

FTD2XX_API

BOOL WINAPI FT_W32_GetCommTimeouts(
FT_HANDLE ftHandle,
FTTIMEOQOUTS *pTimeouts

P

FTD2XX_API
BOOL WINAPI FT_W32_PurgeComm(
FT_HANDLE ftHandle,
DWORD dwMask

X;

FTD2XX_API
BOOL WINAPI FT_W32_SetCommBreak(
FT_HANDLE ftHandle

);

FTD2XX_API

BOOL WINAPI FT_W32_SetCommMask(
FT_HANDLE ftHandle,
ULONG ulEventMask

¢

FTD2XX_API

BOOL WINAPI FT_W32_SetCommState(
FT_HANDLE ftHandle,
LPFTDCB IpftDcb

i

FTD2XX_API

BOOL WINAPI FT_W32_SetCommTimeouts(
FT_HANDLE ftHandle,
FTTIMEQOUTS *pTimeouts

i

FTD2XX_API
BOOL WINAPI FT_W32_SetupComm(
FT_HANDLE ftHandle,
DWORD dwReadBufferSize,
DWORD dwWriteBufferSize

J;

FTD2XX_API
BOOL WINAPI FT_W32_WaitCommEvent(
FT_HANDLE ftHandle,
PULONG pulEvent,
LPOVERLAPPED IpOverlapped
);
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i
/I Device information
i

typedef struct _ft_device_list_info_node {

ULONG Flags;
ULONG Type;

ULONG ID;
DWORD Locld;
char SerialNumber[16];
char Description[64];
FT_HANDLE ftHandle;

} FT_DEVICE_LIST_INFO_NODE;

FTD2XX_API

FT_STATUS WINAPI FT_CreateDevicelnfoList(
LPDWORD IpdwNumDevs
);

FTD2XX_API

FT_STATUS WINAPI FT_GetDevicelnfoList(
FT_DEVICE_LIST_INFO_NODE *pDest,
LPDWORD IpdwNumDevs

);

FTD2XX_API
FT_STATUS WINAPI FT_GetDevicelnfoDetail(
DWORD dwlindex,
LPDWORD IpdwFlags,
LPDWORD IpdwType,
LPDWORD IpdwID,
LPDWORD IpdwLocld,
LPVOID IpSerialNumber,
LPVOID IpDescription,
FT_HANDLE *pftHandle

);

I
/1 Version information
i

FTD2XX_API
FT_STATUS WINAPI FT_GetDriverVersion(
FT_HANDLE ftHandle,
LPDWORD IpdwVersion

):

FTD2XX_API

FT_STATUS WINAPI FT_GetLibraryVersion(
LPDWORD IpdwVersion
i

#ifdef __cplusplus
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}
#endif

#endif /* FTD2XX_H */

© Future Technology Devices International Ltd. 2006



127 D2XX Programmer's Guide

Index
-B -

Baud Rate 19, 20
Bit Mode 74,75

- C =

Close 14,81

-D -

D2XX Programmer's Guide

o .

EEPROM 59, 60, 61, 62, 64, 65, 67,68, 69, 70

Events 35
. -

FT_Close 14
FT_CIlDtr 24
FT_CIfRts 26

FT_CreateDevicelnfoList

FT_CyclePort 47

FT_EE_Program 65

FT_EE_ProgramEx
FT_EE_Read 62
FT_EE_ReadEx 64

FT_EE_UARead 68

FT_EE_UASize 70

FT_EE_UAWrite 69

FT_EraseEE 61
FT_GetBitMode 74

FT_GetDevicelnfo 41
FT_GetDevicelnfoDetail

FT_GetDevicelnfoList
FT_GetDriverVersion
FT_GetLatencyTimer
FT_GetLibraryVersion
FT_GetModemStatus

67

51
49
53
72
54
27

4

48

FT_GetQueueStatus 31
FT_GetStatus 34
FT_GetVIDPID 7

FT_loCtl 38

FT_ListDevices 8

FT_Open 11

FT_OpenEx 12

FT_Purge 29

FT_Read 15

FT_ReadEE 59

FT_Reload 57

FT_Rescan 56
FT_ResetDevice 18
FT_ResetPort 46
FT_RestartinTask 45
FT_SetBaudRate 19
FT_SetBitMode 75
FT_SetBreakOff 33
FT_SetBreakOn 32
FT_SetChars 28
FT_SetDataCharacteristics 21
FT_SetDeadmanTimeout 55
FT_SetDivisor 20

FT_SetDtr 23
FT_SetEventNotification 35
FT_SetFlowControl 22
FT_SetLatencyTimer 73
FT_SetResetPipeRetryCount 43
FT_SetRts 25
FT_SetTimeouts 30
FT_SetUSBParameters 77
FT_SetVIDPID 6
FT_SetWaitMask 39
FT_StopinTask 44
FT_W32_ClearCommBreak 89
FT_W32_ClearCommError 90
FT_W32_CloseHandle 81
FT_W32_CreateFile 79
FT_W32_EscapeCommFunction 92
FT_W32_GetCommModemStatus 93
FT_W32_GetCommState 94
FT_W32_GetCommTimeouts 95
FT_W32_GetlLastError 87
FT_W32_GetOverlappedResult 88
FT_W32_PurgeComm 96
FT_W32_ReadFile 82

© Future Technology Devices International Ltd. 2006



Index

128

FT_W32_SetCommBreak 97
FT_W32_SetCommMask 98
FT_W32_SetCommState 99
FT_W32_SetCommTimeouts 100
FT_W32_SetupComm 101
FT_W32_WaitCommEvent 102
FT_W32_WriteFile 85
FT_WaitOnMask 40

FT_Write 17
FT_WriteEE 60
FTD2XX.H 111

-H -
Handshaking 22

-1 -

Introduction 4

=t =

Latency 72,73

-M -

Modem Signals 23, 24, 25, 26
-0 -

Open 11,12,79

-R -

Read 15,59, 62, 64, 68, 82
BT

Type Definitions 105

-U -

Unplug-Replug 47, 56, 57

W -

Welcome 4

Write

17,60, 65, 67, 69, 85

© Future Technology Devices International Ltd. 2006



Document No.: FT_000053

FT232R USB UART IC Datasheet Version 2.02
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Future Technology Devices

International Ltd

FT232R USB UART IC

The FT232R is a USB to serial UART
interface with the following advanced
features:

Single chip USB to asynchronous serial data
transfer interface.

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

Fully integrated 1024 bit EEPROM storing
device descriptors and CBUS I/O configuration.

Fully integrated USB termination resistors.

Fully integrated clock generation with no
external crystal required plus optional clock
output selection enabling a glue-less interface
to external MCU or FPGA.

Data transfer rates from 300 baud to 3 Mbaud
(RS422, RS485, RS232 ) at TTL levels.

256 byte receive buffer and 128 byte transmit
buffer utilising buffer smoothing technology to
allow for high data throughput,

FTDI’s royalty-free Virtual Com Port (VCP) and
Direct  (D2XX) drivers eliminate the
requirement for USB driver development in
most cases.

Unique USB FTDIChip-ID™ feature.
Configurable CBUS 1/0 pins.
Transmit and receive LED drive signals.

UART interface support for 7 or 8 data bits, 1
or 2 stop bits and odd / even / mark / space /
no parity

FIFO receive and transmit buffers for high data
throughput.

Synchronous and asynchronous bit bang
interface options with RD# and WR# strobes.

Device supplied pre-programmed with unique
USB serial number.

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

Integrated +3.3V level converter for USB 1/0,

Integrated level converter on UART and CBUS
for interfacing to between +1.8V and +5V
logic.

True 5V/3.3V/2.8V/1.8V CMOS drive output
and TTL input.

Configurable I/O pin output drive strength.
Integrated power-on-reset circuit.

Fully integrated AVCC supply filtering - no
external filtering required.

UART signal inversion option.

+3.3V (using external oscillator) to +5.25V
(internal oscillator) Single Supply Operation.

Low operating and USB suspend current.
Low USB bandwidth consumption.
UHCI/OHCI/EHCI host controller compatible.
USB 2.0 Full Speed compatible.

-40°C to 85°C extended operating temperature
range.

Available in compact Pb-free 28 Pin SSOP and
QFN-32 packages (both RoHS compliant).

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 Company Number: SC136640
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1 Typical Applications

e USB to RS232/RS422/RS485 Converters e USB Industrial Control

¢ Upgrading Legacy Peripherals to USB ¢ USB MP3 Player Interface

¢ Cellular and Cordless Phone USB data transfer ¢ USB FLASH Card Reader and Writers
cablesiand Interages e Set Top Box PC - USB interface

. Ln;grfacing MCU/PLD/FPGA based designs to « USB Digital Camera Interface

¢ USB Audio and Low Bandwidth Video data * USB Hardware Modems

transfer ¢ USB Wireless Modems
s« PDA to USB data transfer ¢ USB Bar Code Readers
e USB Smart Card Readers ¢ USB Software and Hardware Encryption
e USB Instrumentation Dongles
1.1 Driver Support
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 « Windows 98, 98SE, ME, 2000, Server 2003, XP
and Server 2008 and Server 2008
¢ Windows XP and XP 64-bit e Windows XP and XP 64-bit
¢ Windows Vista and Vista 64-bit « Windows Vista and Vista 64-bit
« Windows XP Embedded ¢ Windows XP Embedded
¢ Windows CE 4.2, 5.0 and 6.0 ¢ Windows CE 4.2, 5.0 and 6.0
¢ Mac 0S 8/9, 0S-X ¢ Linux 2.4 and greater

e Linux 2.4 and greater

The drivers listed above are all available to download for free from FTDI website (www.ftdichip.com).
Various 3rd party drivers are also available for other operating systems - see FTDI website
(www.ftdichip.com) for details.

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

1.2 Part Numbers

Part Number Package
FT232RQ-xxxx 32 Pin QFN
FT232RL-xxxx 28 Pin SSOP

Note: Packing codes for xxxx is:

- Reel: Taped and Reel, (SSOP is 2,000pcs per reel, QFN is 6,000pcs per reel).
- Tube: Tube packing, 47pcs per tube (SSOP only)

- Tray: Tray packing, 490pcs per tray (QFN only)

For example: FT232RQ-Reel is 6,000pcs taped and reel packing

1.3 USB Compliant

The FT232R is fully compliant with the USB 2.0 specification and has been given the USB-IF Test-ID (TID)
40000133.
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2 FT232R Block Diagram
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Figure 2.1 FT232R Block Diagram
For a description of each function please refer to Section 4.
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3 Device Pin Out and Signal Description

3.1 28-LD SSOP Package

™o
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Figure 3.1 SSOP Package Pin Out and Schematic Symbol

3.2 SSOP Package Pin Out Description

Note: The convention used throughout this document for active low signals is the signal name followed by

a#
Pin No. | Name Type Description
USB Data Signal Plus, incorporating internal series resistor and 1.5kQ pull up
15 USREP ye resistor to 3.3V,
16 USBDM I/O USB Data Signal Minus, incorporating internal series resistor.

Table 3.1 USB Interface Group

Pin No. Name

Type

Description

4 VCCIO

PWR

+1.8V to +5.25V supply to the UART Interface and CBUS group pins (1...3, 5, 6,
9...14, 22, 23). In USB bus powered designs connect this pin to 3V30UT pin to
drive out at +3.3V levels, or connect to VCC to drive out at 5V CMOS level. This
pin can also be supplied with an external +1.8V to +2.8V supply in order to drive
outputs at lower levels. It should be noted that in this case this supply should
originate from the same source as the supply to VCC. This means that in bus
powered designs a regulator which is supplied by the +5V on the USB bus should
be used.

7,18,

21 GND

PWR

Device ground supply pins
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Pin No. | Name Type Description

+3.3V output from integrated LDO regulator. This pin should be decoupled to
ground using a 100nF capacitor. The main use of this pin is to provide the internal

17 3V30UT | Output | +3.3V supply to the USB transceiver cell and the internal 1.5kQ pull up resistor on
USBDP. Up to 50mA can be drawn from this pin to power external logic if
required. This pin can also be used to supply the VCCIO pin.

20 VCC PWR +3.3V to +5.25V supply to the device core. (see Note 1)

25 AGND PWR Device analogue ground supply for internal clock multiplier

Table 3.2 Power and Ground Group

Pin No. Name Type Description
8, 24 NC NC No internal connection
Active low reset pin. This can be used by an external device to reset the
a8 RESEIS IpaE FT232R. If not required can be left unconnected, or pulled up to VCC.
Puts the device into IC test mode. Must be tied to GND for normal
26 TEaT Input operation, otherwise the device will appear to fail.
Input 12MHz Oscillator Cell. Optional - Can be left unconnected for
27 OSCL | Input | 5rmal operation. (see Note 2)
Output from 12MHZ Oscillator Cell. Optional - Can be left unconnected
28 9509 OutpLt for normal operation if internal Oscillator is used. (see Note 2)
Table 3.3 Miscellaneous Signal Group
Pin No. | Name Type Description
1 TXD Output | Transmit Asynchronous Data Output.
2 DTR# Output | Data Terminal Ready Control Output / Handshake Signal.
3 RTS# Output | Request to Send Control Output / Handshake Signal.
5 RXD Input Receiving Asynchronous Data Input.
Ring Indicator Control Input. When remote wake up is enabled in the
6 RI# Input | internal EEPROM taking RI# low (20ms active low pulse) can be used to
resume the PC USB host controller from suspend.
9 DSR# Input Data Set Ready Control Input / Handshake Signal.
10 DCD# Input Data Carrier Detect Control Input.
11 CTS# Input | Clear To Send Control Input / Handshake Signal.
Configurable CBUS output only Pin. Function of this pin is configured in
12 CBUS4 I/O the device internal EEPROM. Factory default configuration is SLEEP#. See
CBUS Signal Options, Table 3.9.
Configurable CBUS I/0 Pin. Function of this pin is configured in the
13 CBUS2 I/O device internal EEPROM. Factory default configuration is TXDEN. See

CBUS Signal Options, Table 3.9.
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Pin No. | Name Type Description

Configurable CBUS I/0 Pin. Function of this pin is configured in the
device internal EEPROM. Factory default configuration is PWREN#. See
CBUS Signal Options, Table 3.9. PWREN# should be used with a 10kQ
resistor pull up.

14 CBUS3 /O

Configurable CBUS I/0O Pin. Function of this pin is configured in the
22 CBUS1 I/O device internal EEPROM. Factory default configuration is RXLED#. See
CBUS Signal Options, Table 3.9.

Configurable CBUS I/0O Pin. Function of this pin is configured in the
23 CBUSO I/O device internal EEPROM. Factory default configuration is TXLED#. See
CBUS Signal Options, Table 3.9.

Table 3.4 UART Interface and CUSB Group (see note 3)

Notes:

1. The minimum operating voltage VCC must be +4.0V (could use VBUS=+5V) when
using the internal clock generator. Operation at +3.3V is possible using an external
crystal oscillator.

2. Contact FTDI Technical Support for details on how to use an external crystal, ceramic
resonator, or oscillator with the FT232R.

3. When used in Input Mode, the input pins are pulled to VCCIO via internal 200k
resistors. These pins can be programmed to gently pull low during USB suspend
(PWREN# = “1") by setting an option in the internal EEPROM.
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3.3 QFN-32 Package
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Figure 3.2 QFN-32 Package Pin Out and schematic symbol
3.4 QFN-32 Package Signal Description
Pin No. | Name Type Description
14 USBDP 1/0 USB Data Signal Plus, incorporating internal series resistor and 1.5kQ pull up resistor
to +3.3V.
15 USBDM I/0 USB Data Signal Minus, incorporating internal series resistor.

Table 3.5 USB Interface Group

Pin No.

Type

Description

VCCIO

PWR

+1.8V to +5.25V supply for the UART Interface and CBUS group pins (2, 3,
6,7,8,9,10 11, 21, 22, 30,31,32). In USB bus powered designs connect this pin to
3V30UT to drive out at +3.3V levels, or connect to VCC to drive out at +5vV CMOS
level. This pin can also be supplied with an external +1.8V to +2.8V supply in order
to drive out at lower levels. It should be noted that in this case this supply should
originate from the same source as the supply to VCC. This means that in bus
powered designs a regulator which is supplied by the +5V on the USB bus should be
used.

GND

PWR

Device ground supply pins.
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Pin No. Name Type Description

20
+3.3V output from integrated LDO regulator. This pin should be decoupled to
ground using a 100nF capacitor. The purpose of this output is to provide the

16 3V30UT | Output | internal +3.3V supply to the USB transceiver cell and the internal 1.5kQ pull up
resistor on USBDP. Up to 50mA can be drawn from this pin to power external logic if
required. This pin can also be used to supply the VCCIO pin.

19 VCC PWR | +3.3V to +5.25V supply to the device core. (See Note 1).

24 AGND PWR Device analogue ground supply for internal clock multiplier.

Table 3.6 Power and Ground Group

Pin No. Name Type Description
5:12;
1323, NC NC No internal connection. Do not connect.
25,29
Active low reset. Can be used by an external device to reset the FT232R. If
18 RESET# | Input not required can be left unconnected, or pulled up to VCC.
Puts the device into IC test mode. Must be tied to GND for normal
26 TEST | Input | seration, otherwise the device will appear to fail.
Input 12MHz Oscillator Cell. Optional - Can be left unconnected for normal
27 0sc Input operation. (See Note 2).
28 0sco | output Output from 12MHZ Oscillator Cell. Optional - Can be left unconnected for

normal operation if internal Oscillator is used. (See Note 2).

Table 3.7 Miscellaneous Signal Group

:ic': Name | Type Description
30 TXD | Output | Transmit Asynchronous Data Output,
31 DTR# | Output | Data Terminal Ready Control Output / Handshake Signal.
32 RTS# | Output | Request to Send Control Output / Handshake Signal.
2 RXD Input | Receiving Asynchronous Data Input.
Ring Indicator Control Input. When remote wake up is enabled in the internal
3 RI# Input | EEPROM taking RI# low (20ms active low pulse) can be used to resume the
PC USB host controller from suspend.
6 DSR# | Input | Data Set Ready Control Input / Handshake Signal.
7 DCD# | Input | Data Carrier Detect Control Input.
8 CTS# | Input | Clear To Send Control Input / Handshake Signal.
9 CBUS4 I/0 Configurable CBUS output only Pin. Function of this pin is configured in the

device internal EEPROM. Factory default configuration is SLEEP#. See CBUS
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&7 FTD' Document No.: FT_000053
i FT232R USB UART IC Datasheet Version 2.02
Chlp Clearance No.: FTDI# 38

\
r““““..

-3
S_—

::: Name | Type Description

Signal Options, Table 3.9.

Configurable CBUS I/0 Pin. Function of this pin is configured in the device
10 CBUS2 I/0 internal EEPROM. Factory default configuration is TXDEN. See CBUS Signal
Options, Table 3.9.

Configurable CBUS I/0 Pin. Function of this pin is configured in the device
11 CBUS3 I/0 internal EEPROM. Factory default configuration is PWREN #. See CBUS Signal
Options, Table 3.9. PWREN# should be used with a 10k resistor pull up.

Configurable CBUS I/0 Pin. Function of this pin is configured in the device
21 CBUS1 I/0 internal EEPROM. Factory default configuration is RXLED#. See CBUS Signal
Options, Table 3.9.

Configurable CBUS I/0 Pin. Function of this pin is configured in the device
22 CBUSO I/O0 internal EEPROM. Factory default configuration is TXLED#. See CBUS Signal
Options, Table 3.9.

Table 3.8 UART Interface and CBUS Group (see note 3)
Notes:

1. The minimum operating voltage VCC must be +4.0V (could use VBUS=+5V) when
using the internal clock generator. Operation at +3.3V is possible using an external
crystal oscillator.

2. Contact FTDI Technical Support for details on how to use an external crystal, ceramic
resonator, or oscillator with the FT232R.

3. When used in Input Mode, the input pins are pulled to VCCIO via internal 200k
resistors. These pins can be programmed to gently pull low during USB suspend (
PWREN# = “1") by setting an option in the internal EEPROM.

Copyright © 2009 Future Technology Devices International Limited 11
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3.5 CBUS Signal Options

The following options can be configured on the CBUS I/O pins. CBUS signal options are common to both
package versions of the FT232R. These options can be configured in the internal EEPROM using the
software utility MPROG, which can be downloaded from the FTDI Utilities (www.ftdichip.com) . The
default configuration is described in Section 8.

CBUS
Signal Available On CBUS Pin Description
Option
TXDEN CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | Enable transmit data for RS485
Output is low after the device has been configured
by USB, then high during USB suspend mode. This
output can be used to control power to external
PWREN# | CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | |,0i-b_Channel logic level MOSFET switch. Enable
the interface pull-down option when using the
PWREN# in this way.*
Transmit data LED drive - pulses low when
TXLED# CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | transmitting data via USB. See Section 7.5 for more
details.
Receive data LED drive - pulses low when receiving
REEED CBUS0,:CEUS1-CBLISE, CRUSS, CBUSE data via USB. See Section 7.5 for more details.
LED drive - pulses low when transmitting or
TX&RXLED# | CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | receiving data via USB. See Section 7.5 for more
details.
Goes low during USB suspend mode. Typically used
SLEEP# CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | to power down an external TTL to RS232 level
converter IC in USB to RS232 converter designs.
CLK48 CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | 48MHz Clock output.**
CLK24 CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | 24 MHz Clock output.**
CLK12 CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | 12 MHz Clock output.**
CLK6 CBUSO, CBUS1, CBUS2, CBUS3, CBUS4 | 6 MHz Clock output.**
CBUS bit bang mode option. Allows up to 4 of the
CBUS pins to be used as general purpose I/0.
Configured individually for CBUS0, CBUS1, CBUS2
CBitBangI/O CBUSO, CBUS1, CBUS2, CBUS3 and CBUS3 in the internal EEPROM. A separate
application note, AN232R-01, available from FTDI
website (www . ftdichip.com) describes in more detail
how to use CBUS bit bang mode.
. Synchronous and asynchronous bit bang mode WR#
BitBangWRn CBUSO0, CBUS1, CBUS2, CBUS3 strobe output.
BitBangRDN CBUSO, CBUS1, CBUS2, CBUS3 Synchronous and asynchronous bit bang mode RD#

strobe output.

Table 3.9 CBUS Configuration Control

* PWREN# should be used with a 10k resistor pull up.

**When in USB suspend mode the outputs clocks are also suspended.
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4 Function Description

The FT232R is a USB to serial UART interface device which simplifies USB to serial designs and reduces
external component count by fully integrating an external EEPROM, USB termination resistors and an
integrated clock circuit which requires no external crystal, into the device. It has been designed to
operate efficiently with a USB host controller by using as little as possible of the total USB bandwidth
available.

4.1 Key Features

Functional Integration. Fully integrated EEPROM, USB termination resistors, clock generation, AVCC
filkering, POR and LDO regulator.

Configurable CBUS I/0 Pin Options. The fully integrated EEPROM allows configuration of the Control
Bus (CBUS) functionality, signal inversion and drive strength selection. There are 5 configurable CBUS
I/0 pins. These configurable options are

TXDEN - transmit enable for RS485 designs.

PWREN# - Power control for high power, bus powered designs.

TXLED# - for pulsing an LED upon transmission of data.

RXLED# - for pulsing an LED upon receiving data.

TX&RXLED# - which will pulse an LED upon transmission OR reception of data.
SLEEP# - indicates that the device going into USB suspend mode.

CLK48 / CLK24 / CLK12 / CLK6 - 48MHz, 24MHz, 12MHz, and 6MHz clock output
signal options.

PR P LRI

The CBUS pins can also be individually configured as GPIO pins, similar to asynchronous bit bang mode.
It is possible to use this mode while the UART interface is being used, thus providing up to 4 general
purpose I/O pins which are available during normal operation. An application note, AN232R-01, available
from FTDI website (www.ftdichip.com) describes this feature.

The CBUS lines can be configured with any one of these output options by setting bits in the internal
EEPROM. The device is supplied with the most commonly used pin definitions pre-programmed - see
Section 8 for details.

Asynchronous Bit Bang Mode with RD# and WR# Strobes. The FT232R supports FTDI’s previous
chip generation bit-bang mode. In bit-bang mode, the eight UART lines can be switched from the regular
interface mode to an 8-bit general purpose I/O 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 timer (equivalent to the baud rate
pre-scaler). With the FT232R device this mode has been enhanced by outputting the internal RD# and
WR# strobes signals which can be used to allow external logic to be clocked by accesses to the bit-bang
I/0 bus. This option will be described mare fully in a separate application note available from FTDI
website (www.ftdichip.com),

Synchronous Bit Bang Mode. The FT232R supports synchronous bit bang mode. This mode differs from
asynchronous bit bang mode in that the interface pins are only read when the device is written to. This
makes it easier for the controlling program to measure the response to an output stimulus as the data
returned is synchronous to the output data. An application note, AN232R-01, available from FTDI website
(www.ftdichip.com) describes this feature.

FTDIChip-ID™. The FT232R also includes the new FTDIChip-ID™ security dongle feature. This
FTDIChip-ID™ feature allows a unique number to be burnt into each device during manufacture. This
number cannot be reprogrammed. This number is only readable over USB and forms a basis of a security
dongle which can be used to protect any customer application software being copied. This allows the
possibility of using the FT232R in a dongle for software licensing. Further to this, a renewable license
scheme can be implemented based on the FTDIChip-ID™ number when encrypted with other information.
This encrypted number can be stored in the user area of the FT232R internal EEPROM, and can be
decrypted, then compared with the protected FTDIChip-ID™ to verify that a license is valid. Web based
applications can be used to maintain product licensing this way. An application note, AN232R-02,
available from FTDI website (www.ftdichip.com) describes this feature.

The FT232R is capable of operating at a voltage supply between +3.3V and +5V with a nominal
operational mode current of 15mA and a nominal USB suspend mode current of 70pA. This allows greater
margin for peripheral designs to meet the USB suspend mode current limit of 2.5mA. An integrated level
converter within the UART interface allows the FT232R to interface to UART logic running at +1.8V, 2.5V,
+3.3V or +5V,
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4.2 Functional Block Descriptions

The following paragraphs detail each function within the FT232R. Please refer to the block diagram shown
in Figure 2.1.

Internal EEPROM. The internal EEPROM in the FT232R is used to store USB Vendor ID (VID), Product ID
(PID), device serial number, product description string and various other USB configuration descriptors.
The internal EEPROM is also used to configure the CBUS pin functions. The FT232R is supplied with the
internal EEPROM pre-programmed as described in Section 8. A user area of the internal EEPROM is
available to system designers to allow storing additional data. The internal EEPROM descriptors can be
programmed in circuit, over USB without any additional voltage requirement. It can be programmed
using the FTDI utility software called MPROG, which can be downloaded from FTDI Utilities on the FTDI
website (www.ftdichip.com).

+3.3V LDO Regulator. The +3.3V LDO regulator generates the +3.3V reference voltage for driving the
USB transceiver cell output buffers. It requires an external decoupling capacitor to be attached to the
3V30UT regulator output pin. It also provides +3.3V power to the 1.5k internal pull up resistor on
USBDP. The main function of the LDO is to power the USB Transceiver and the Reset Generator Cells
rather than to power external logic. However, it can be used to supply external circuitry requiring a
+3.3V nominal supply with a maximum current of 50maA.

USB Transceiver. The USB Transceiver Cell provides the USB 1.1 / USB 2.0 full-speed physical interface
to the USB cable. The output drivers provide +3.3V level slew rate control signalling, whilst a differential
input receiver and two single ended input receivers provide USB data in, Single-Ended-0 (SE0) and USB
reset detection conditions respectfully. This function also incorporates the internal USB series termination
resistors on the USB data lines and a 1.5kQ pull up resistor on USBDP.

USB DPLL. The USB DPLL cell locks on to the incoming NRZI USB data and generates recovered clock
and data signals for the Serial Interface Engine (SIE) block.

Internal 12MHz Oscillator - The Internal 12MHz Oscillator cell generates a 12MHz reference clock. This
provides an input to the x4 Clock Multiplier function. The 12MHz Oscillator is also used as the reference
clack for the SIE, USB Protocol Engine and UART FIFO controller blocks.

Clock Multiplier / Divider. The Clock Multiplier / Divider takes the 12MHz input from the Internal
Oscillator function and generates the 48MHz, 24MHz, 12MHz and 6MHz reference clock signals. The 48Mz
clock reference is used by the USB DPLL 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 with the USB 2.0 specification, it
performs bit stuffing/un-stuffing and CRC5/CRC16 generation. It also checks the CRC on the USB data
stream.

USB Protocol Engine. The USB Protocol Engine manages the data stream from the device USB control
endpoint. It handles the low level USB protocol requests generated by the USB host controller and the
commands for controlling the functional parameters of the UART in accordance with the USB 2.0
specification chapter 9.

FIFO TX Buffer (128 bytes). Data from the USB data OUT endpoint is stored in the FIFO TX buffer and
removed from the buffer to the UART transmit register under control of the UART FIFO controller.

FIFO RX Buffer (256 bytes). Data from the UART receive register is stored in the FIFO RX buffer prior
to being removed by the SIE on a USB data request from the device data IN endpoint.

UART FIFO Controller. The UART FIFO controller handles the transfer of data between the FIFO RX and
TX buffers and the UART transmit and receive registers.

UART Controller with Programmable Signal Inversion and High Drive. Together with the UART
FIFO Controller the UART Controller handles the transfer of data between the FIFO RX and FIFO TX
buffers and the UART transmit and receive registers. It performs asynchronous 7 or 8 bit parallel to serial
and serial to parallel conversion of the data on the RS232 (or RS422 or RS485) interface.

Control signals supported by UART mode include RTS, CTS, DSR, DTR, DCD and RI. The UART Controller
also provides a transmitter enable control signal pin option (TXDEN) to assist with interfacing to RS485
transceivers. RTS/CTS, DSR/DTR and XON / XOFF handshaking options are also supported. Handshaking
is handled in hardware to ensure fast response times. The UART interface also supports the RS232
BREAK setting and detection conditions.

Additionally, the UART signals can each be individually inverted and have a configurable high drive
strength capability. Both these features are configurable in the EEPROM.
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Baud Rate Generator - The Baud Rate Generator provides a 16x clock input to the UART Controller
from the 48MHz reference clock. It consists of a 14 bit pre-scaler and 3 register bits which provide fine
tuning of the baud rate (used to divide by a number plus a fraction or “sub-integer”). This determines the
baud rate of the UART, which is programmable from 183 baud to 3 Mbaud.

The FT232R supports all standard baud rates and non-standard baud rates from 183 Baud up to 3
Mbaud. Achievable non-standard baud rates are calculated as follows -

Baud Rate = 3000000 / (n + x)

where 'n’ can be any integer between 2 and 16,384 ( = 2+) and "x’ can be a sub-integer of the value 0,
0.125, 0.25, 0.375, 0.5, 0.625, 0.75, or 0.875. When n = 1, x = 0, i.e. baud rate divisors with values
between 1 and 2 are not possible.

This gives achievable baud rates in the range 183.1 baud to 3,000,000 baud. When a non-standard baud
rate is required simply pass the required baud rate value to the driver as normal, and the FTDI driver will
calculate the required divisor, and set the baud rate. See FTDI application note AN232B-05 on the FTDI
website (www.ftdichip.com) for more details.

RESET Generator - The integrated Reset Generator Cell provides a reliable power-on reset to the device
internal circuitry at power up. The RESET# input pin allows an external device to reset the FT232R.

RESET# can be tied to VCC or left unconnected if not being used.
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5 Devices Characteristics and Ratings

5.1 Absolute Maximum Ratings

The absolute maximum ratings for the FT232R devices are as follows. These are 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 Degrees C
Floor Life (Out of Bag) At Factory Ambient 168 Hours i
5 5 : = (IPC/JEDEC J-STD-033A MSL Level 3 ours
(30°C / 60% Relative Humidity) Compliant)*
Ambient Temperature (Power Applied) -40°C to 85°C Degrees C
MTTF FT232RL 11162037 hours
MTTF FT232RQ 4464815 hours
VCC Supply Voltage -0.5 to +6.00 \'
DC Input Voltage - USBDP and USBDM -0.5to +3.8 \'
DC Input Voltage - High Impedance -0.5 to + (VCC +0.5) Vv
Bidirectionals ' '
DC Input Voltage - All Other Inputs -0.5 to + (VCC +0.5) Y
DC Output Current - Outputs 24 mA
DC Output Current - Low Impedance
Bidirectionals 24 A
500 mwW

Power Dissipation (VCC = 5.25V)

Table 5.1 Absolute Maximum Ratings

* 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 +125°C and baked for up to 17 hours.
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5.2 DC Characteristics

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

Parameter Description Minimum Typical Maximum Units Conditions
VCC Operating Supply L Using Internal
Mecl Voltage 49 325 v Oscillator
VCC Operating Supply L Using External
VEEL Voltage 33 P ¥ Crystal
VCCIO Operating L
vCC2 Supply Voltage 1.8 5225 \"
Operating Supply . - ;
Iccl Giitrent 15 mA Normal Operation
Operating Supply
Icc2 CHERaRE 50 70 100 HA USB Suspend
3v3 3.3v regulator output 3.0 3.3 3.6 Vv

Table 5.2 Operating Voltage and Current

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 3.2 4.1 4.9 \" I source = 2mA
Vol Output Voltage Low 0.3 0.4 0.6 Vv I sink = 2ZmA

’ Input Switching
Vin Threshold 1.0 1.2 1.5 V it
Input Switching
VHys i 20 25 30 mV el

Table 5.3 UART and CBUS I/0 Pin Characteristics (VCCIO = +5.0V, Standard Drive Level)

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 2:2 27 3:2 Vv I source = 1mA
Vol Output Voltage Low 0.3 0.4 0.5 Vv Isink = 2mA

. Input Switching
Vin Threshold 1.0 1.2 1.5 \" =
Input Switching
VHys Hysteresis 20 25 30 mv ok

Table 5.4 UART and CBUS I/O Pin Characteristics (VCCIO = +3.3V, Standard Drive Level)
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Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 2.1 2.6 2.8 \" I source = 1mA
Vol Output Voltage Low 0.3 0.4 Q:5 \" I sink = 2ZmA

. Input Switching
Vin Threshold 1.0 1.2 1:5 Vv B
Input Switching
VHys Hysteresis 20 25 30 mv E

Table 5.5 UART and CBUS I/O Pin Characteristics (VCCIO = +2.8V, Standard Drive Level)

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 1.32 1.62 1.8 Vv I source = 0.2mA
Vol Output Voltage Low 0.06 0.1 0.18 Vv Isink = 0.5mA

; Input Switching
Vin Threshold 1.0 1.2 1.5 Vv i
Input Switching
VHys Hysteresis 20 25 30 mv ok

Table 5.6 UART and CBUS I/O Pin Characteristics (VCCIO = +1.8V, Standard Drive Level)

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output V0|tage High 3.2 4.1 4.9 vV I source = 6mA
vVin Input Switching 1.0 1.2 1.5 vV *k

Threshold
VHys Input Switching 20 o5 30 mv *%k
Hysteresis

Table 5.7 UART and CBUS I/0 Pin Characteristics (VCCIO = +5.0V, High Drive Level)

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 2.2 2.8 352 Vv I source = 3mA
Vol Output Voltage Low 0.3 0.4 0.6 Vv I sink = 8mA

: Input Switching %
Vin Threshold 1.0 1.2 1.5 Vv
Input Switching =
VHys Hysteresis 20 25 30 mVv

Table 5.8 UART and CBUS I/0 Pin Characteristics (VCCIO = +3.3V, High Drive Level)
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Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 2.1 2.6 2.8 \" I source = 3mA
Vol Output Voltage Low 0.3 0.4 0.6 \" I sink = 8mA

. Input Switching
Vin Threshold 1.0 1.2 1:5 Vv B
Input Switching i
VHys Hysteresis 20 25 30 mv

Table 5.9 UART and CBUS I/O Pin Characteristics (VCCIO = +2.8V, High Drive Level)

Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 1.35 1.67 1.8 Vv I source = 0.4mA
Vol Output Voltage Low 0.12 0.18 0.35 Vv Isink = 3mA

; Input Switching
Vin Threshold 1.0 1.2 1.5 Vv i
Input Switching i
VHys Hysteresis 20 25 30 mv

Table 5.10 UART and CBUS I/O Pin Characteristics (VCCIO = +1.8V, High Drive Level)

** Only input pins have an internal 200KQ pull-up resistor to VCCIO

Parameter Description Minimum Typical Maximum Units Conditions

. Input Switching
Vin Threshold 13 1.6 1:9 \"
Input Switching
VHys Hysteresis 50 55 60 mv
Table 5.11 RESET# and TEST Pin Characteristics
Copyright © 2009 Future Technology Devices International Limited 19
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Parameter Description Minimum Typical Maximum Units Conditions
. ; RI = 1.5kQ to
uvon | VO P'”S(f'faﬂ)c Putut | 5ig Be¥ v 3V30UT (D+) RI =
9 15KQ to GND (D-)
; ; RI = 1.5kQ to
uvol | VO P'”S(fgavﬁ')c Output 0 0.3 v 3V30UT (D+) RI =
15k to GND (D-)
Single Ended Rx
UvVse Threshold 0.8 2.0 \"
Differential Common
UCom Mode 0.8 2.5 \"
; Differential Input
vt Sensitivity Ge ¥
Driver Output
UbDrvZ Impedance 26 29 44 Ohms See Note 1
Table 5.12 USB I/0 Pin (USBDP, USBDM) Characteristics
5.3 EEPROM Reliability Characteristics
The internal 1024 Bit EEPROM has the following reliability characteristics:
Parameter Value Unit
Data Retention 15 Years
Read / Write Cycle 100,000 Cycles
Table 5.13 EEPROM Characteristics
5.4 Internal Clock Characteristics
The internal Clock Oscillator has the following characteristics:
Value
Parameter Unit
Minimum Typical Maximum
Frequency of Operation
(see Note 1) 11.98 12.00 12.02 MHz
Clock Period 83.19 83.33 83.47 ns
Duty Cycle 45 50 55 %
Table 5.14 Internal Clock Characteristics
Note 1: Equivalent to +/-1667ppm
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Parameter Description Minimum Typical Maximum Units Conditions
Voh Output Voltage High 2.1 2.8 3.2 \' I S%urce =
mA
Vol Output Voltage Low 0.3 0.4 0.6 \' I sink = 8mA
Vin Input Switching Threshold 1.0 1.2 1.5 \'

Table 5.15 OSCI, OSCO Pin Characteristics — see Note 1

Notel: When supplied, the FT232R is configured to use its internal clock oscillator. These characteristics

only apply when an external oscillator or crystal is used.
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6 USB Power Configurations

The following sections illustrate possible USB power configurations for the FT232R. The illustrations have
omitted pin numbers for ease of understanding since the pins differ between the FT232RL and FT232RQ
package options.

All USB power configurations illustrated apply to both package options for the FT232R device. Please refer
to Section 3 for the package option pin-out and signal descriptions.

6.1 USB Bus Powered Configuration
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n
p iDL R
i Veno

GND
Figure 6.1 Bus Powered Configuration

Figure 6.1 Illustrates the FT232R in a typical USB bus powered design configuration. A USB bus powered
device gets its power from the USB bus. Basic rules for USB bus power devices are as follows -

i) On plug-in to USB, the device should draw no more current than 100maA.

i) In USB Suspend mode the device should draw no more than 2.5mA.

iii) A bus powered high power USB device (one that draws more than 100mA) should
use one of the CBUS pins configured as PWREN# and use it to keep the current
below 100mA on plug-in and 2.5mA on USB suspend.

iv) A device that consumes more than 100mA cannot be plugged into a USB bus
powered hub.

V) No device can draw more than 500mA from the USB bus.

The power descriptors in the internal EEPROM of the FT232R should be programmed to match the current
drawn by the device.

A ferrite bead is connected in series with the USB power supply to reduce EMI noise from the FT232R and
associated circuitry being radiated down the USB cable to the USB host. The value of the Ferrite Bead
depends on the total current drawn by the application. A suitable range of Ferrite Beads is available from
Steward (www.steward.com), for example Steward Part # MIO805K400R-10.

Note: If using PWREN# (available using the CBUS) the pin should be pulled to VCCIO using a 10kQ
resistor.
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6.2 Self Powered Configuration
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Figure 6.2 Self Powered Configuration

Figure 6.2 illustrates the FT232R in a typical USB self powered configuration. A USB self powered device
gets its power from its own power supply, VCC, and does not draw current from the USB bus. The basic
rules for USB self powered devices are as follows -

i) A self powered device should not force current down the USB bus when the USB
host or hub controller is powered down.

i) A self powered device can use as much current as it needs during normal operation
and USB suspend as it has its own power supply.

iii) A self powered device can be used with any USB host, a bus powered USB hub or a
self powered USB hub.

The power descriptor in the internal EEPROM of the FT232R should be programmed to a value of zero
(self powered).

In order to comply with the first requirement above, the USB bus power (pin 1) is used to control the
RESET# pin of the FT232R device. When the USB host or hub is powered up an internal 1.5kQ resistor on
USBDP is pulled up to +3.3V (generated using the 4K7 and 10k resistor network), thus identifying the
device as a full speed device to the USB host or hub. When the USB host or hub is powered off, RESET#
will be low and the FT232R is held in reset. Since RESET# is low, the internal 1.5k resistor is not pulled
up to any power supply (hub or host is powered down), so no current flows down USBDP via the 1.5kQ
pull-up resistor. Failure to do this may cause some USB host or hub controllers to power up erratically.

Figure 6.2 illustrates a self powered design which has a +3.3V to +5V supply. Any design which
interfaces to +3.3 V or +1.8V logic would differ from Figure 6.2 by having a +3.3V or +1.8V supply to
VCCIO. In this case the VCC operates over the range +3.3V to +5V supply to VCC

Note:

1. When the FT232R is in reset, the UART interface I/O pins are tri-stated. Input pins have
internal 200k pull-up resistors to VCCIO, so they will gently pull high unless driven by
some external logic.

2. When using internal FT232R oscillator the VCC supply voltage range must be a
minimum of +4.0V.
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6.3 USB Bus Powered with Power Switching Configuration
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Figure 6.3 Bus Powered with Power Switching Configuration

A requirement of USB bus powered applications, is when in USB suspend mode, the application draws a
total current of less than 2.5mA. This requirement includes external logic. Some external logic has the
ability to power itself down into a low current state by monitoring the PWREN# signal. For external logic
that cannot power itself down in this way, the FT232R provides a simple but effective method of turning
off power during the USB suspend mode.

Figure 6.3 shows an example of using a discrete P-Channel MOSFET to control the power to external
logic. A suitable device to do this is an International Rectifier (www.irf.com) IRLML6402, or equivalent. It
is recommended that a “soft start” circuit consisting of a 1kQ series resistor and a 0.1pF capacitor is used
to limit the current surge when the MOSFET turns on. Without the soft start circuit it is possible that the
transient power surge, caused when the MOSFET switches on, will reset the FT232R or the USB host/hub
controller. The soft start circuit example shown in Figure 6.3 powers up with a slew rate of
approximaely12.5V/ms. Thus supply voltage to external logic transitions from GND to +5V in
approximately 400 microseconds.

As an alternative to the MOSFET, a dedicated power switch IC with inbuilt “soft-start” can be used. A
suitable power switch IC for such an application is the Micrel (www.micrel.com) MIC2025-2BM or
equivalent.

With power switching controlled designs the following should be noted:

i) The external logic to which the power is being switched should have its own reset circuitry to
automatically reset the logic when power is re-applied when moving out of suspend mode.

ii) Set the Pull-down on Suspend option in the internal FT232R EEPROM.

iii) One of the CBUS Pins should be configured as PWREN# in the internal FT232R EEPROM, and used
to switch the power supply to the external circuitry. This should be pulled high through a 10 kQ
resistor.

iv) For USB high-power bus powered applications (one that consumes greater than 100mA, and up
to 500mA of current from the USB bus), the power consumption of the application must be set in
the Max Power field in the internal FT232R EEPROM. A high-power bus powered application uses
the descriptor in the internal FT232R EEPROM to inform the system of its power requirements.

v) PWREN# gets its VCC from VCCIO. For designs using 3V3 logic, ensure VCCIO is not powered
down using the external logic. In this case use the +3V30UT.
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6.4 USB Bus Powered with Selectable External Logic Supply
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Figure 6.4 USB Bus Powered with +3.3V or +5V External Logic Power Supply

Figure 6.4 illustrates a USB bus power application with selectable external logic supply. The external logic
can be selected between +3.3V and +5V using the jumper switch. This jumper is used to allow the
FT232R to be interfaced with a +3.3V or +5V logic devices. The VCCIO pin is either supplied with +5V
from the USB bus (jumper pinsl and 2 connected), or from the +3.3V output from the FT232R 3V30UT
pin (jumper pins 2 and 3 connected). The supply to VCCIO is also used to supply external logic.

With bus powered applications, the following should be noted:

i) To comply with the 2.5mA current supply limit during USB suspend mode, PWREN#
or SLEEP# signals should be used to power down external logic in this mode. If this
is not possible, use the configuration shown in Section 6.3.

i) The maximum current sourced from the USB bus during normal operation should
not exceed 100mA, otherwise a bus powered design with power switching (Section
6.3) should be used.

Another possible configuration could use a discrete low dropout (LDO) regulator which is supplied by the
5V on the USB bus to supply between +1.8V and +2.8V to the VCCIO pin and to the external logic. In
this case VCC would be supplied with the +5V from the USB bus and the VCCIO would be supplied from
the output of the LDO regulator. This results in the FT232R I/0 pins driving out at between +1.8V and
+2.8V logic levels.

For a USB bus powered application, it is important to consider the following when selecting the regulator:

i) The regulator must be capable of sustaining its output voltage with an input voltage
of +4.35V. An Low Drop Out (LDO) regulator should be selected.
i) The quiescent current of the regulator must be low enough to meet the total current

requirement of <= 2.5mA during USB suspend mode.

A suitable series of LDO regulators that meets these requirements is the MicroChip/Telcom
(www.microchip.com) TC55 series of devices. These devices can supply up to 250mA current and have a
quiescent current of under 1pA.
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7 Application Examples

The following sections illustrate possible applications of the FT232R. The illustrations have omitted pin
numbers for ease of understanding since the pins differ between the FT232RL and FT232RQ package
options.

7.1 USB to RS232 Converter
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Figure 7.1 Application Example showing USB to RS232 Converter

An example of using the FT232R as a USB to RS232 converter is illustrated in Figure 7.1. In this
application, a TTL to RS232 Level Converter IC is used on the serial UART interface of the FT232R to
convert the TTL levels of the FT232R to RS232 levels. This level shift can be done using the popular “213”
series of TTL to RS232 level converters. These “213" devices typically have 4 transmitters and 5 receivers
in a 28-LD SSOP package and feature an in-built voltage converter to convert the +5V (nominal) VCC to
the +/- 9 volts required by RS232. A useful feature of these devices is the SHDN# pin which can be used
to power down the device to a low quiescent current during USB suspend mode.

A suitable level shifting device is the Sipex SP213EHCA which is capable of RS232 communication at up
to 500k baud. If a lower baud rate is acceptable, then several pin compatible alternatives are available
such as the Sipex SP213ECA, the Maxim MAX213CAI and the Analogue Devices ADM213E, which are all
suitable for communication at up to 115.2k baud. If a higher baud rate is required, the Maxim
MAX3245CAI device is capable of RS232 communication rates up to 1Mbaud. Note that the MAX3245 is
not pin compatible with the 213 series devices and that the SHDN pin on the MAX device is active high
and should be connect to PWREN# pin instead of SLEEP# pin.

In example shown, the CBUSO and CBUS1 have been configured as TXLED# and RXLED# and are being
used to drive two LEDs.
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7.2 USB to RS485 Coverter
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Figure 7.2 Application Example Showing USB to RS485 Converter

An example of using the FT232R as a USB to RS485 converter is shown in Figure 7.2. In this application,
a TTL to RS485 level converter IC is used on the serial UART interface of the FT232R to convert the TTL
levels of the FT232R to RS485 levels.

This example uses the Sipex SP481 device. Equivalent devices are available from Maxim and Analogue
Devices. The SP481 is a RS485 device in a compact 8 pin SOP package. It has separate enables on both
the transmitter and receiver. With RS485, the transmitter is only enabled when a character is being
transmitted from the UART. The TXDEN signal CBUS pin option on the FT232R is provided for exactly this
purpose and so the transmitter enable is wired to CBUS2 which has been configured as TXDEN. Similarly,
CBUS3 has been configured as PWREN#. This signal is used to control the SP481’s receiver enable. The
receiver enable is active low, so it is wired to the PWREN# pin to disable the receiver when in USB
suspend mode. CBUS2 = TXDEN and CBUS3 = PWREN# are the default device configurations of the
FT232R pins.

RS485 is a multi-drop network; so many devices can communicate with each other over a two wire cable
interface. The RS485 cable requires to be terminated at each end of the cable. A link (which provides the
1209 termination) allows the cable to be terminated if the SP481 is physically positioned at either end of
the cable.

In this example the data transmitted by the FT232R is also present on the receive path of the SP481.This
is a common feature of RS485 and requires the application software to remove the transmitted data from
the received data stream. With the FT232R it is possible to do this entirely in hardware by modifying the
example shown in Figure 7.2 by logically OR’ing the FT232R TXDEN and the SP481 receiver output and
connecting the output of the OR gate to the RXD of the FT232R.

Note that the TXDEN is activated 1 bit period before the start bit. TXDEN is deactivated at the same time
as the stop bit. This is not configurable.
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Figure 7.3 USB to RS422 Converter Configuration

An example of using the FT232R as a USB to RS422 converter is shown in Figure 7.3. In this application,
two TTL to RS422 Level Converter ICs are used on the serial UART interface of the FT232R to convert the
TTL levels of the FT232R to RS422 levels. There are many suitable level converter devices available. This
example uses Sipex SP491 devices which have enables on both the transmitter and receiver. Since the
SP491 transmitter enable is active high, it is connected to a CBUS pin in SLEEP# configuration. The
SP491 receiver enable is active low and is therefore connected to a CBUS pin PWREN# configuration. This
ensures that when both the SP491 transmitters and receivers are enabled then the device is active, and
when the device is in USB suspend mode, the SP491 transmitters and receivers are disabled. If a similar
application is used, but the design is USB BUS powered, it may be necessary to use a P-Channel logic
level MOSFET (controlled by PWREN#) in the VCC line of the SP491 devices to ensure that the USB
standby current of 2.5mA is met.

The SP491 is specified to transmit and receive data at a rate of up to 5 Mbaud. In this example the
maximum data rate is limited to 3 Mbaud by the FT232R.
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7.4 USB to MCU UART Interface
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Figure 7.4 USB to MCU UART Interface

An example of using the FT232R as a USB to Microcontroller (MCU) UART interface is shown in Figure
7.4. In this application the FT232R uses TXD and RXD for transmission and reception of data, and RTS# /
CTS# signals for hardware handshaking. Also in this example CBUSO has been configured as a 12MHz
output to clock the MCU.

Optionally, RI# could be connected to another I/O pin on the MCU and used to wake up the USB host
controller from suspend mode. If the MCU is handling power management functions, then a CBUS pin can
be configured as PWREN# and would also be connected to an I/O pin of the MCU.
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7.5 LED Interface

Any of the CBUS 1/0 pins can be configured to drive an LED. The FT232R has 3 configuration options for
driving LEDs from the CBUS. These are TXLED#, RXLED#, and TX&RXLED#. Refer to Section 3.5 for
configuration options.
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FT232R

CBUSI0...4] TALED?
CBUS[0..4] RXLED#

Figure 7.5 Dual LED Configuration

An example of using the FT232R to drive LEDs is shown in Figure 7.5. In this application one of the CBUS
pins is used to indicate transmission of data (TXLED#) and another is used to indicate receiving data
(RXLED#). When data is being transmitted or received the respective pins will drive from tri-state to low
in order to provide indication on the LEDs of data transfer. A digital one-shot is used so that even a small
percentage of data transfer is visible to the end user.

VCCIO
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s 270R
| FT232R

CBUS[O...4] TAERXLED#

Figure 7.6 Single LED Configuration

Another example of using the FT232R to drive LEDs is shown in Figure 7.6. In this example one of the
CBUS pins is used to indicate when data is being transmitted or received by the device (TX&RXLED). In
this configuration the FT232R will drive only a single LED.
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7.6 Using the External Oscillator

The FT232R defaults to operating using its own internal oscillator. This requires that the device is
powered with VCC(min)=+4.0V. This supply voltage can be taken from the USB VBUS. Applications which
require using an external oscillator, VCC= +3.3V, must do so in the following order:

1. When device powered for the very first time, it must have VCC > +4.0V. This supply is available
from the USB VBUS supply = +5.0V.

2. The EEPROM must then be programmed to enable external oscillator. This EEPROM modification
cannot be done using the FTDI programming utility, MPROG. The EEPROM can only be re-configured
from a custom application. Please refer to the following applications note on how to do this:

http://www.ftdichip.com/Documents/AppNotes/AN 100 Using The FT232 245R With External
Osc(FT 000067).pdf

3. The FT232R can then be powered from VCC=+3.3V and an external oscillator. This can be done
using a link to switch the VCC supply.

The FT232R will fail to operate when the internal oscillator has been disabled, but no external oscillator
has been connected.
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8 Internal EEPROM Configuration

Following a power-on reset or a USB reset the FT232R will scan its internal EEPROM and read the USB
configuration descriptors stored there. The default factory programmed values of the internal EEPROM

are shown in Table 8.1.

Parameter Value Notes
USB Vendor ID (VID) 0403h FTDI default VID (hex)
USB Product UD (PID) 6001h FTDI default PID (hex)
Serial Number Enabled? Yes
A unique serial number is generated and
Serial Number See Note programmed into the EEPROM during device final
test.
A Enabling this option will make the device pull down
O > 1 USD Disabled on the UART interface lines when in USB suspend
5 mode (PWREN# is high).
Manufacturer Name FTDI

Product Description

FT232R USB UART

Max Bus Power Current

90mA

Power Source

Bus Powered

Device Type FT232R
Returns USB 2.0 device description to the host.

USB Version 0200 Note: The device is a USB 2.0 Full Speed device
(12Mb/s) as opposed to a USB 2.0 High Speed
device (480Mb/s).

Taking RI# low will wake up the USB host controller
Remote:Wake Lip Enablied from suspend in approximately 20 ms.
High Current 1/Os Disabled Enabl_es the high drive level on the UART and CBUS
I/0 pins.
Load VCP Driver Enabled Makes t‘he device load the VCP driver interface for
the device.
CBUSO TXLED # ggfault configuration of CBUSO - Transmit LED
rive.
CBUS1 RXLED# Default configuration of CBUS1 - Receive LED drive.
Default configuration of CBUS2 - Transmit data
CBUS2 TXDEN enable for RS485
Default configuration of CBUS3 - Power enable. Low
CBUS3 PWREN # after USB enumeration, high during USB suspend

mode.
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Parameter Value Notes
CBUS4 SLEEP# Ef;;g:fdc?nngic?elfration of CBUS4 - Low during USB
Invert TXD Disabled Signal on this pin becomes TXD# if enable.
Invert RXD Disabled Signal on this pin becomes RXD# if enable.
Invert RTS# Disabled Signal on this pin becomes RTS if enable.
Invert CTS# Disabled Signal on this pin becomes CTS if enable.
Invert DTR# Disabled Signal on this pin becomes DTR if enable.
Invert DSR# Disabled Signal on this pin becomes DSR if enable,
Invert DCD# Disabled Signal on this pin becomes DCD if enable.
Invert RI# Disabled Signal on this pin becomes RI if enable.

Table 8.1 Default Internal EEPROM Configuration

The internal EEPROM in the FT232R can be programmed over USB using the FTDI utility program MPROG.
MPROG can be downloaded from FTDI Utilities on the FTDI website (www.ftdichip.com). Version 2.8a or

later is required for the FT232R chip. Users who do not have their own USB Vendor ID but who would like
to use a unique Product ID in their design can apply to FTDI for a free block of unique PIDs. Contact FTDI

support for this service.
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9 Package Parameters

The FT232R is available in two different packages. The FT232RL is the SSOP-28 option and the FT232RQ
is the QFN-32 package option. The solder reflow profile for both packages is described in Section 9.5.

9.1 SSOP-28 Package Dimensions
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Figure 9.1 SSOP-28 Package Dimensions

The FT232RL is supplied in a RoHS compliant 28 pin SSOP package. The package is lead (Pb) free and
uses a ‘green’ compound. The package is fully compliant with European Union directive 2002/95/EC.

This package is nominally 5.30mm x 10.20mm body (7.80mm x 10.20mm including pins). The pins are
on a 0.65 mm pitch. The above mechanical drawing shows the SSOP-28 package.

All dimensions are in millimetres.

The date code format is YYXX where XX = 2 digit week number, YY = 2 digit year number. This is
followed by the revision number.

The code X2XOOOOXXXXXX is the manufacturing LOT code. This only applies to devices manufactured
after April 2009.
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9.2 QFN-32 Package Dimensions
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Note: The pin #1 ID is connected internally to the device’s central
heat sink area . It is recommended to ground the central heat sink
area of the device.

Dimensions in mm.
Figure 9.2 QFN-32 Package Dimensions

The FT232RQ is supplied in a RoHS compliant leadless QFN-32 package. The package is lead ( Pb ) free,
and uses a ‘green’ compound. The package is fully compliant with European Union directive 2002/95/EC.

This package is nominally 5.00mm x 5.00mm. The solder pads are on a 0.50mm pitch. The above
mechanical drawing shows the QFN-32 package. All dimensions are in millimetres.

The centre pad on the base of the FT232RQ is not internally connected, and can be left unconnected, or
connected to ground (recommended).

The date code format is YYXX where XX = 2 digit week number, YY = 2 digit year number,

The code XXXXXXX is the manufacturing LOT code. This only applies to devices manufactured after April
2009.
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9.3 QFN-32 Package Typical Pad Layout
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Figure 9.3 Typical Pad Layout for QFN-32 Package

9.4 QFN-32 Package Typical Solder Paste Diagram
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Figure 9.4 Typical Solder Paste Diagram for QFN-32 Package
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9.5 Solder Reflow Profile

The FT232R is supplied in Pb free 28 LD SSOP and QFN-32 packages. The recommended solder reflow
profile for both package options is shown in Figure 9.5.
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Figure 9.5 FT232R Solder Reflow Profile

The recommended values for the solder reflow profile are detailed in Table 9.1. Values are shown for both
a completely Pb free solder process (i.e. the FT232R is used with Pb free solder), and for a non-Pb free
solder process (i.e. the FT232R is used with non-Pb free solder).

Profile Feature Pb Free Solder Process Non-Pb Free Solder Process

Average Ramp Up Rate (Ts to T,)

3°C / second Max.

3°C / Second Max.

Preheat
- Temperature Min (Ts Min.)
- Temperature Max (Ts Max.)
- Time (ts Min to t; Max)

150°C
200°C
60 to 120 seconds

100°C
150°C
60 to 120 seconds

Time Maintained Above Critical Temperature
i
- Temperature (T.)
- Time (t.)

217%E
60 to 150 seconds

183°C
60 to 150 seconds

Peak Temperature (T,)

260°C

240°C

Time within 5°C of actual Peak Temperature

(t)

20 to 40 seconds

20 to 40 seconds

Ramp Down Rate

6°C / second Max.

6°C / second Max.

Time for T= 25°C to Peak Temperature, T,

8 minutes Max.

6 minutes Max.

Table 9.1 Reflow Profile Parameter Values
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FTDI CDM Drivers - Revision Comments May 18, 2006

FTDI's CDM drivers provide both D2XX and VCP functionality through a single driver on PCs running
the following Windows operating systems:
*  Windows 2000
Windows XP
Windows Server 2003

A 64-bit build is also available for the following Windows operating systems:
s Windows XP x64
Windows Server 2003 x64

The files included in a standard 32-bit CDM release are:
e Installation files

o
o
L]
o
o
L]
o
o]
L]
o
o]
o

FTDIBUS.INF
FTDIPORT.INF

Driver files

FTDIBUS.SYS
FTSER2ZK.SYS

Uninstaller

FTDIUNIN.EXE
FTDIUN2K.INI

D2XX Interface

FTD2XX.DLL
FTD2XX.LIB
FTD2XX.H

The files included in a standard 64-bit CDM release are:

o
o

o
o

o
o

o]

o 0 00

Installation files

FTDIBUS.INF
FTDIPORT.INF

Driver files

FTDIBUS.SYS
FTSER2K.SYS

Uninstaller

FTDIUNIN.EXE
FTDIUN2K.INI

D2XX Interface

FTD2XX.DLL (64-bit)
FTD2XX.DLL (32-bit)
FTD2XX.LIB (64-bit)
FTD2XX.LIB (32-bit)
FTD2XX.H

On making a new release the files will also be posted onto FTDI's web site
http://www ftdichip.com/FTDrivers.htm in ZIP file format.

Release versions

2.00.00 (May 18, 2006)
New driver architecture combining functionality of D2XX and VCP drivers.
WHQL candidate.

1.00.2176 (December 12, 2005)



Fixed installation problem.
WHQL candidate.

1.00.2172 (October 31, 2005)
Support for FT2232C devices.

1.00.2170 (October 27, 2005)
Fixed write request synchronization issue.

1.00.2169 (September 1, 2005)
Fixed flow control issues.
(Changed cancel processing to fix blue screen.

1.00.2168 (June 8, 2005)
Fixed lockup condition on port close.

1.00.2166 (May 23, 2005)
Fixed bug in software flow control.

1.00.2163 (February 7, 2005)
Support for buffered writes,
Fixed property page.

1.00.2162 (November 25, 2004)
Tested with HCT 12,0,

1.00.2160 (October 26, 2004)
Added option to prevent modem control signals following legacy port behaviour at startup.

1.00.2159 (October 15, 2004)
Fixed delay on discomect inder WinXP,

1.00.2157 (September 28, 2004)
Fixed bug that could cause computer to hang during closedown.

1.00.2156 (September 9, 2004)
Fixed bug in baud rate divisor calculation for AM devices.
Location Ids supported is no longer restricted to 10 or less.
Fixed bug that could cause computer to hang on surprise removal.
Fixed bug that caused device handle notification to fail.

1.00.2154 (April 20, 2004)
Fixed initialization problem on WinXP SP1,
Fixed IOCTL_SERIAL_GET_DTRRTS.

1.00.2151 (February 4, 2004)
Fixed problem with signalling events on disconnect with open port,

1.00.2150 (JTanuary 19, 2004)
Fixed problem with signalling line status errors.
Fixed problem with Location IDs and external hubs,

1.001.2148 (November 11, 2003}
More fixes for WHQL.
Fixed problem that prevented RXCHAR event being signalled when buffers were full.



1.00.2146 (October 28, 2003)
Various fixes for WHQL.
Added option for immediate processing of vendor commands,

1.00.2145 (October 20, 2003)
Fixed power-level problem with VCP serializer DLL interface.

1.00.2143 (September 24, 2003)
Fixed problem with RTS control toggle mode.
Fixed problem with device state after suspend/resume.

1.00.2140 (September 11, 2003)
Fixed problem with uninstall from DeviceManager.
Fixed problem with Sandstorm software.
Improved device request processing,
Fixed problem with modem control signal state on open.
Fixed cancel write request problem.
Added reset pipe retry count.
Added maximum devices option.
Added supported locations option.

1.0.2134 (June 16, 2003)
More changes for BusHound.

1.00.2133 (Tune 12, 2003)
Fixed BusHound compatibility problem.
Updated properties page with serial enumerator option.

1.00.2132 (June 09, 2003)
Bug fixes for substitution mode.
Fixed problem where laptops could not enter standby mode.
Fixed problem with Lexmark printer.
Added "Set RTS on Close” flag.
Updated properties page.

1.00.2126 (April 10, 2003)
Support substitution mode.
Restore device state on return from suspend or hibemate,
Fixed device naming problem.
Fixed bug in purge when receive buffer full.
Fixed bug in properties page.

1.00.2115 (February 25, 2003)
Beta release includes drivers that have passed Microsoft certification tests.

1.00.2115 (December 20, 2002)
Beta release.
Support force XON/XOFF option.
New properties page.

1.00.2114 (November 1, 2002}
Beta release.
Correctly identifies unserialized FT232BM and FT245BM devices.
Fixed remote wakeup.

1.00.2112 (October 25, 2002)



Beta release.
Support for FT232BM and FT245BM.
Uses location information (o enumerate non-serialized devices.

1.00.2104 (July 22, 2002)
Drivers digitally signed.

1.00.2101 (February 1, 2002)
Fixed problem that resulted in some devices not coming out of hibernate,
Fixed divide-by-zero problem zero baud rate.

1.00.2099 (January 7, 2002)
Fixed problem with aliased baud rates.

1.00.2098 (December 20, 2001)
Improved transmit throughput.
Support serial printers through Registry setting.
Support for non-standard baud rates.
Support Transmit Immediate.
Disable modem control signals on port close.
Fixed serial mouse disconnect problem in Standby mode.
Runs under driver verifier.

1.00.2088 (October 30, 20013
Fixed comect/disconnect problem in Windows XP.
Runs under driver verifier in Windows XP.

1.00.2086 (October 5, 2001)
Fixed write request timeout processing.
Fixed problem with restarting writes after port close.
Fixed no space in read buffer problem.

1.00.2084 (October 2, 2001)
Passes HCT tests {required for Windows XP Logo).
Uses common uninstaller FTDIUNIN, EXE.
Fixed minimum timeout problem.
Fixed write request blue screen.
Fixed write request timeout processing.
Fixed data loss at low baud rates.

1.00.2078 (July 27, 2001)
Fixed support for Logitech mice.
Enhanced write request processing.

1.00.2072 (May 2, 2001)
Runs under Windows XP.
Fixed receive buffer full problem.

1.00.2071 (Apr 26, 2001)
Enhanced BREAK condition processing.

1.00.2069 (Mar 28, 2001)
Fixed hyper-terminal re-boot problem seen when transmitting files at low baud rates.

1.00.2068 (Mar 23, 2001)
Drop modem status signals on disconnect



1.00.2067 (Feb 26, 2001)
Fixed disconnect with open port problems
Support multiple devices attached at the same time
Fixed hyper-terminal re-boot problem seen when typing characters in terminal screen
Enabled for surprise removal (removes unexpected removal dialogue box)

1.00.2060 (Jan 19, 2001)
Change to modem status register set up to improve port initialisation

1.00.2058 (Nov 7, 2000)
Fix to changing buffer size inder Windows 2000 for FT8U232AM and FT8U245AM

1.00.2057 (Oct 19, 2000)
Fix to enable speeds greater then 115k baud for FTSU232AM and FT8U245AM

1.00.2055 (Sept 7, 2000)
Support for common INF for Win98 and Win2k drivers
Update of INF to support FT8U232AM and FT8U245AM

1.00.2054 (Aug 10, 2000)
Increased time out delay to make enumerator performance more robust

1.00.2053 (Aung 9, 2000)
Fixed transmit toggle problem

1.00.2052 ¢July 24, 2000)
Driver stack made consistent to fix device power state failure
INF changes to add serial services

1.00.2051 {June 15, 200()
Fixed problem with 230k baud select, IN transfer restriction of 64 bytes removed
Fixed X-ON/X-OFF handshaking problem, added support for serial mouse

1.00.2049 (Mar 25, 2000}
Install / uninstall for new naming (ftser2k)

1.00.2046 (Mar 15, 2000)
New naming format: ftserial -> ftser2k

1.00.2044 (Mar 8, 2000)
Update to fix problem with Direct Cable Connect

1.00.2041 (Mar 3, 2000)
Fixed problem with baud rate selection

1.00.2040 (Mar 1, 2000)
Removed FTDI uninstaller

1.00.0  Beta (Feb 21, 2000)
Update to improve flow control

AlphalOQ (Feb 18, 20({}) - first release
Connects to ISP. Some flow control problems.






