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ABSTRACT

The purpose of this project is a system development approach to solving the
security problems of CCTV cameras. It is a camera trap to take pictures when there are
intruders. Or is it a camera trap to take pictures of animals and management of CCTV
images stored in the memory SD Card, which is currently in the surveillance camera image
detection market is slow. And still obsolete and use just common, so the idea of

developing an infrared motion camera system was created.
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sU 2.1 seAUsznauneluve Esp32-CAM

Esp32 Wudevesledlulasroulvsaaesiisessunmsdouss WiFi way Bluetooth 4.2 BLE Tush
NAAlALUTEM Espressif anUszimadu vasamurdniagy ESP32-CAM iluvesawamniild
ESP32 s1aUsendaniaundetaauvasavuindniuauin u‘flui%q%’uﬁmmsé’m%’umﬂ%’mu loT
nsadeRuuuLLarlazaNg DIYUaSatiaan WiFi ugys uuudaiuuay BLE wasusmioudae
Fig LX6 32 UnUszansamgs 2 71 Idaadnenssuvie 7 Fumoufumesuuivifuwoioond

Wuwesgumniuazdy 9 wavyenisUsuanuandnain 80MHz i 240MHz



[

Tnenqled ESP32 daalagazidan fail

- FiigldanUnenssu Tensilica LX6 WU 2 wnuaues dysauniing 240MHz

- fusuludy 512K8

- sesfumadendesenniusngian 16MB

- wwieudy WiFi 1msg1u 802.11 b/eg/n sasiunisldamsisluluun Station softAP uax
Wi-Fi direct

- Hugyslud sessunisldaululvug 2.0 uaglvain 4.0 BLE

- Towsesulndnlunsyvinau 2.6V 9 3V

- yhedldenmgil -40°C fa 1250C

Y

S v

2.1.1 Sensor fiagluia Esp32-CAM Hdiil

< s 1 [
bYULY B ILLLAN

\Wuwesdua (Capacitive touch) 5095U 10 %09

S995UMSLIBUABARENDA 32.768kHz dmsultnudiulaastunalngniy

2.1.2 A lg9umig 9 va9 ESP32 $995Un15L0aumaUdaRA1e o Al

- 11 GPIO 79U 32 999

- 5993U UART 4712U 3 994

- 9995V SPI 91uU 3 499

- 5993V 12C U 2 F99

- 9995V ADC 91U 12 ¥99

- 5993U DAC 91U 2 109

- 9995V 125 97U 2 Y99

- 893U PWM / Timer 9n84

- s995UNSIBNsBNY SD-Card
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- 9995UMSITE WIFi wuu WEP wag WPA/WPA2 PSK/Enterprise

- $19991U19%a AES / SHA2 / Elliptical Curve Cryptography / RSA-4096 Tugin

Tufudszansamnislom #a ESP32 annsavinenl#d Tnsfu - da doyaldananiageaed
150Mbps Wi aldeusienuy 11n HT40 ldAmisagean 72Mbps 1 eldeuseuuy 11n HT20 ¢
AuISIgeand 5aMbps Wetlausiauuy 11g wagldauisigiand 11Mops iedeusiouuy
11bidleldnsideusioruluslnaoa UDP avannsadu - ddoyaldfianiud 135Mbpslulyan
Sleep Mnsgualuiaies 2.5UA

2.1.4 N5 Esp32-CAM Aiu OVA2640

sUT 2.2 Esp32-CAM u Tugandas OVA2460

199970 Camera OV2640 fe Tuigandas CMOS Camera danunsamenmléiaan 2 Megapixel
T¥nnsiausiauuy Serial Camera Control BUS (SCCB) 14 ESP32 $aufundas 0V2640 Litels

Al¥uaunsaasne Application MigIunIsaIEnIn waz Useulananmlagzainiindedu



2.2 PIR Motion Sensor

5Ufl 2.3 AM312 PIR Motion Sensor
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2.3 FT232RL FTDI USB

Uil 2.5 nMsiruvas FT232RL FTDI USB

FT232RL Wuledilasuamuionuaziu i dusulas USB-to-Serial wiu 14ivasa
Arduino Tun1s8Ulnan Arduino Sketch w3olddeanstoyauvy Serial/USB vieideuseiula
RS485 (fnldsauiuled RS485 Transceiver) Wudu

usuatlodussniiie uenmiornnsliubugunsnl USB-to-Serial ué &
asoleulusunsuldiiieldnuduan GPIO Port (8-bit) us FT232RL fidesin nanfe 1
aunsald MPSSE (Multi-Protocol Synchronous Serial Engine) wievilidu SPI Master w3e

12C Master usiglusu FT232H vise FT2232H 9z3assuguuuunisldang MPS



FT232R Block Diagram

vcc —+

—————————————— SLEEP#

48MHz ——]

Baud Rate
Generator

3.3 VoIt
vsouT <— LDO »| FIFORX L
Regulator l Buffer
Y Y
uUsB >
-a—p-| Transceiver - > - o | UART Controller
ussoP with g Serl;l Inlterface = usBe = o = with
Integrated | ngine Programmable
USBOM Series - (SIE) P Protocol Engine - FIFO Controller B Signal Inversion
“—" Resistors | == o -
ang sk [~
up A A ;
Internal
P EEPROM
UsSB DPLL 3V30UT
FIFO TX Buffer [ l
0Sco
(optional) Internal
Mz | e [ oMz RESEL 1 Ak
ocsi Oscillator
(optional) To USB Transeiver Cell <#—
TEST -
GND »

sUf 2.6 FT232R Block Diagram

2.4 Transistor NPN 2N3904

sUl 2.7 m3ieuwes Transistor NPN 2N3904

DBUSO
DBUS1
DBUS2
DBUS3
DBUS4
DBUSS
DBUSSE
DBUS7

CBUSO
CBUS1
CBUS2
CBUS3
CBUS4
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5U7 2.8 n1swdsussinTransistor

lassasiawuu NPN dunaiidydnuainsiudawmesignasiziean

Y

!
1AT9a319UU PNP daineindey

nwanIUTAmesTIgNATIENATN

a 6 1 % gj & @ 4 aa 6
NIUTAwasHY IR lgUNIrLAEINYT AB WIABalanwas(C), 1dRnmas(E), VWUAB) warnis

Ul ses9nlnlins1udawasvinnu Beninnisiudked(Bias)
2.4.3 N1SNI9UVBINSIUBALNDSVUN NPN

n15daunsssulndldunsudawmasyiia NPN Ao arsaielinauliel E wiewisudu 9
91el9i9n B wazareluanlyian C Waisunulwaufiaelven B dnelwulinwazlinau wanns
Wigudng Forward Yuazifieusenine B Auwl E windu  vinlven B daduans P lasunselu

Forward fiaiduluuanidefisuiue E wiiuuansdisgy

) N | P M _FL ;J

Input R Cutput  Input B I R Output
|

O
R R
—'|_|__' ‘_|_

JUN 2.9 MevinuvamIudainasviia NPN

—1[F _I||_|_ °
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2.4.4 ANSNN9IUYVDINTIUTaNDSVLN PNP

Astaulsaulndltuns1udamesuils PNP Inanisanglnuinlvvn E Watieu dulw
aunaelien B wazaelnaudnun C Weaeunulwuiniaelyen B vinldwn B 399 lwauway

Truan virlsien B Faluans N 195U Forward Bias Aailuauidiowieuiue E wihilu uansdagy

SUN 2.10 N15YINUYRMIUTALARTVN PNP

2.4.5 N51UTEna35 2N3904

COLLECTOR
3
TO-92
2
BASE
1 1
2 3 EMITTER
2N3904 Pinout

gﬂﬁ 2.11 N1SN19IUVBINITIUTEARDIVUA NPN 2N3904
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NIUTames 2N3904 Wunswdamesuuululnaisau - au - au (NPN) Faunngainaii
Huinagldiuiasneiufudavtiueaarlddmsudygraidestunsanunisidenunisiaeu
Anusuna nyudawesuunadniilunsudamesdues 2N3906 Fulunsudameswuy

navau (PNP) Tnans@anszualihiugiuvuaanludmsudamas 2N3904 aza1unsandn

v '
v a

Ullanutinisenindlaesgulaziasay dduazad

s

nszualihidvualva@ulansudanes
avaulumdnvewmsudameas 2N3904 Juagiunisniinunaieasivannseluaniiiieuwil

DTUANDNUFIUABYNS P IFL AL

'
= L2

wilalumsfiwesangqremsudames 2N3904 1HunFanduludeiudmsednsvens
Uagtudadudnsidnvesiazaunszualnihsonszualvihitugiu dmsunislésunszua 100
nswasudas 0.001 wond (A) lugtutagludwalyinisivfeuwdas 0.1 A vusiavay duans
T manudames 2N3904 awnsanataduaseweiaidadliogils msiudsuulaniniios
Tunszuagiuilugnisiddeuntas Seeasslunisazantagiudsamnsoudadunssiulnivie
A % v o a = -
NSURBULURINEINY MgnIseenkuuTunsuveInIudamesiuluuissWwoudadululalunis

asaeudainduazevadaamasdmsunisidanunainvale

2.5 AR IUNIU

UM 2.12 Aadumu

ssnuvulniin (Resistor) Wugunsalindntuindatanizaramianldlunissiunig
Inavenszualnidadugunsalniildunigalu 29asdidnnsetinddniSendus 91 915 “R” &
Auaudilunisannszuanazusenulini Tavanansainldldlans usedulniinszuanse uag

ussaulinszuaadudydnvalussanudiuniu
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2.5.1 MU U99AUAIUNIU (Resistance)

ANANUATUNTUYDIAIATUN Y gﬂﬁwwumlﬁﬁwﬁaﬂL§aﬂLﬁu Touy (OHM) WEUWNUAIY
a Y] a a v a ¢ = P |
A3 oanunegnwInintusia fes Q (o w1 w3e leviu) JeldainaAuinsgiu Tnenisien
wsarulndn 1 1ad dafuauduniu 1 1oy wazvinlidnsewalualunaas 1 wouuus
UT2NDUAIY NUIAIAMUATUNIUANG 9 3l
1000 QQaviu) windu 1 KQ (Alaleaviu)
1000 KQ (Alalasiy) windu 1 MQ (unnglaviy)

FdunIUL UanAIAINENLTa luNIsNUAS ey Tad (Watt)

2.5.2 FUAYDINIAINAIUNIY
L9 NANTANDIFIANUAUNIUIAALAD 15 TWaNazwUIdIANUFTUN Ul 2 Snvae A

1.1 wlannuwlinvesTanilivinfannuaun

1.2 wUIUUEANIS I UYe 8RN AIUNY
L1wdsnuviinvasdaninldinaannuaiuniu

AANUATUN UL UL Tan TNty deg 2 vila Ao Jaguseianlane (Metallic) waz
TanUssimelave (No Metallic) Tan Ussunnlave lgvisnanusiunuiaianasldduain
& A . ) A Y % a <o v
1dn 9 wIsuaualn (Ribbon) WLUUAWIUNLTULAUTBIAIAILAIUNIY LazAUAIBIEDU19
Y8IUARINHABVIDONUNLTNY LaiAFaufgauIuBniivis aunsal fenudiuniu Al
aaulmAnAIAMUA U ILTELNINE T UNIN1$I1A5] ames (Wire Wound Resistors) 67
ANUATUMIURUUTRZTlAIANA U UTIYeULAZAIANRA ALRA DU Yol Tiga uiazidudn

AU UNIUTvAY wavdnsinuiasndih (3nd) lags
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[

anUssiavielavy Fildviiaudunul 18ud neanfueu (Carbon) ui¥e wannsluis
(Graphite) 78 adatuuiuduuis uarldauruiuiedostuaudu udroveenulduan
Auautmeireswamivou woeensilldideanudumiugeann 9 d3enusatanldvi
Buirmnuduniuiifengs 9 16 uiszdoundnasiannudiumulssand asdan

ARALATOUVBIAMUAUNIUNIN WazdnTnumastniilaliganndn
1.2 wusmuvia n1slguesianudIunI
fannusunulunislgureeassidnnseindg nevavuvaduvianie q a9

sgazideanznantwmell Inglideddiaudiiuniuiu eviuanianussunn lave vise

alave

waluladfildlunisvinlaseeny
2.6 1WJsunsyu ARDUINO IDE

ARDUINO

5Uf 2.13 TUsunsu Arduino IDE

Arduino®Integrated Development Environment (IDE) 43 8% L3 8131 Arduino®Environment
. < dl ~ V1 J = (3 § o [ s 1
Environment 1Julusunsuisanuwuudivelnditesnanisilisugendwisdmsuunannosulomu
goiail unannosuArduino®dunnannesudidnnselindveniisuiisonuuuniiioanniny
FudouveanszuiuniseeniuvgUnsadidnnsednd nmsldawiily toun usudinaluladnis
USudssthumeufiumesiauwldliuazieundindudiannsedndiiuanlml FwszAvgArduino®

aulnglasunistaunlaglgArduino® IDE
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IDE sinldlnglusunsumeditoisanssuunisdelusunsy anaud@nlves IDE saud
nMsiruarsngaIussvinealudinisiulensalaznssiusiuwuusiyd wiinazsduldle
Tumaneaiafiazdourenduaslaeldlusunsuudlodonnuednade winssuiunistudenimin
dlodeulanlu IDE mwnsi@eulusunsusiuiuund IDEs vesnuenasiiniswam IDE dmsu
fnnuszasdsiiluvatsegna IDE Yagussasdialumandannsaldsuntvnadeulusunsud

seasulavanvany

Arduino® IDE fan1muandeuiloygynlilusunsuwasldlusunsuieinawsduauay duamuise
Ansulnavate 9 ldlulassmisseelilusunsuwesideulusunsuidudaumnniuvselugans
W adAN15lATINITVRININLYT IDE §357u5Msvad e shvniug ez desialaunsalug

Ua3AArduino®393z 1% bootloader Arduino®wilatdeuluswnsulvdasiunuiganinuin

v
= wa a a ! (=3

Wil AETAMALURANLL AN LUTHATULLBSUNAUAUUINAIDUINO® IDE HUYIAANUALIN AL

q

=

Wity IDE 8u q At diumsgiuneauaninlunaieussnissanbanisdmun
eI aTine wiulaesnluifdasdislinusunsuwesanunsadatsdndinanizana
vosgetalanldireifiovszidfiutonnuuansdefanaianionisdeansiulusunsuiesdun
aadnuvaziivameludu 1 18un femnuuanstelanannlnuazndendadusslovidmiuns
Ahadunazudlatefiananlunisdeulfnuaznstuldndahliivsun suesanunsansivasy

lanrUNdITBsTsalanNgadlnen1stau pars delulasunanseuu

2.7 Wsunsu Fritzing

5UT 2.14 TUsunsal Fritzing
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Fritzing \JulUswnsu open-source d1suaanuuuasininlusunsunils Aganulu
Favesilnassunainuaneiildanuiteg wu awnsnilavesgunsaldidnnsedndsingq ey
Lazlaliouass anusaesnuuunieanily wisndudiuvesgunsalBiannselindldios wiailu IDE
Yungeue amTaldsulanuaysnluanasuuuain Arduino latmilounulusunsu Arduino IDE
< g 13 | Y 1 1 ¥ aill o . . [
sy wavsieiliaesdunanvaieuddienanisldauilies vililusunsy Fritzing wungdunis

Sudunsielasiimugluiunsdeulusunsuniuaululasreulvsaaes

2.7.1 YaAuvaslusunsy

- $raosnsidensiogunsaifuamnsilaaTiouads

- anusaLEuL UL ivifala

- ANNINPBNLUUAIYNATUULNY PCB 191

- fifleritu code view dwsuidgulsunsumuasuesa Arduino lalush

- lasumutiengs wagd community vinlvidiunas library vasgunsaimeladentduinune



uni 3

Asn1santuaululaseu

3.1 n15lUsunsy ESP-32 Camera Video Streaming Online

sUTl 3.1 msl¥ndas ESP-32 CAM 1Wundansasin

ESP32-CAM iulugandossuiaidnunn fumioududn £sp32-s Tulusian Arduino
ESP32 1 1519y laldany ESP32-cAM thunvinidundessasin flanunsagnmiuy real-time sy

=

Insdnvillefions onantnivusiesiawuude

3.1.1 nslusunsuiUanisldenu ESP32-CAM

ESP32-Cam lugafivAwiildninuanunsaves ESP32 lun1sdeansiudyyins wireless
WJudsudgeya (Station-mode) wag@avanedaymin (Access point-mode) T ludatien
mevdsinsiaugulmindnisfadindeadilumeldUsslosian cpu M5 arduino wane

wih lunsfudeyaannndes ov2640 Nilanuazideaiou 2 Auiiniea
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Ul 3.2 nmaidausiaszning ESP32-CAM ffu FTDI TunasTusunsuialdanu ESP32-CAM

#1 ESP32-cam juillulugailafl micro USB Milunsldewivanlusunsy daudedld USB to
TTL dwsutaelunisdnlan

3Bn1sdegunsal Tdeu Arduino ESP32-CAM %11n8243935U0

Arduino ESP32-CAM -> FT232RL USB

3.3V -> Vcc

GND -> GND

UoT -> Rx

UoR -> Tx

Arduino ESP32-CAM > Arduino ESP32-CAM (s2916381uta )

00 -> GND (1ilfiossie lormumdulmua flash dmsuswivanlsunsy)

#§991NAD ESP32-CAM (Wandaffu FT232RL USB uaiavinislusunsusiy Arduino IDE
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5UT 3.3 ansTusunsu ESP32-CAM ffu FTDI Tunnsi@aldanu ESP32-CAM Video Streaming

3.2 N151%97U ESP32-Camera 1undas293stansiadualnuinaaulug

5V
Power
Source

U7 3.4 msldaundas ESP32-CAM Wundasaslnasiaduanunioulng
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Tunsldau ESP32-CAM Wundasinaranindnlud®@ ¢e PIR Motion ausauszens

s ad

Jundesinaranmfledfunyn seilundesdinarenmdnd dvesenvanedeldun Trail Cam,

Scout Cam, Camera Trap lnggldaulaggaulilndusiumndnibiudiig vsewnaniuazhu

Tandnslduszandladd@admununiusnaufdduwesssunisnasulmlandssazaiunmies

Tnodnlusi@ InsaziAulwdsunmlif s Card

3.2.1 JUABUNS9 Esp32-cam Wundaen9asUnns1aduseddunsiisa

Step

Begin

End

Take a
Detected Picture

Deep Sleep Save Picture
Mode

5UN 3.5 LAAIAIAUN1TYIN91UYDL ESP32-CAM NARIRna18A e nlusia
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3.2.2 gunaalild

1. ESP32-CAM ESP32 Development Board with Camera Module
. CP2102 USB 2.0 to UART TTL 5PIN Connector Module

. Jumper (M2M) 10cm Male to Male

. Micro SD Card Class 10 16GB + Card Adapter

. HCR501 PIR Motion Sensor Module

. 2N3904 NPN General Purpose Transistor

. 3%amas 10K Ohm

. 33am935 1K Ohm

O o0 N O U B~ VLN

. Jumper (F2M) 20cm Female to Male

3.2.3 JuMBUNISIUSHNTY ESP32-Cam 1UuNaa92935Unans293un15Aaaulng

sUfl 3.6 N15 Format SD Card #ilfiduuvaaiudoyalwdnmitléann ESP32-CAM

JuUnBUR 1 NYNFIINAITNAABINARBUNTIIIIU ESP32-CAM LU Video Streaming
Jaldisunesuun SD Card Wieldiduwnaniudayalndnmiiaigldainnisasiadunisvinguy

SIUAUTEIING ESP32-CAM AU PIR Motion Sensor
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FTDI Basic

PTR RXI TXO VCC CTS GND

ESP32-CAM CircuitDigest

Ul 3.7 nsi¥ausio ESP32-CAM fiu FTDI titednivanldntilainisuanama

Funaudl 2 ndsaneduus SD Card 111 SD Card fiosuunudalalusa ESP32-Cam 7
W ouse FTDI 1 olUsunsalsr ESP32-Cam 1914520/ U SD Card wagvinanud eusesu PIR

Motion Sensor

5UTl 3.8 n1slUsunsu ESP32-CAM fu FTDI tiveswinanldnll ESP32-CAM ¥inarusauiu

PIR Motion Sensor waaAulngnwl4f sp Card



Yunauil 3 141 ESP32-CAM 71lUSUNTULE 1RDMasaNsamien1sinnuiiauysal

s

JUT 3.9 n1ssavseslddmiuilundasnsaslansiadumsiaaaulnainiddunsise

Yupauin 4 Jouuswiudunalviiuiasiierinnu

3UM 3.10 uansAusanunIelinueas

24
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3.3 N1599NLLUU

3.3.1 N1599nWUU Arduino TulUsunsy Fritzing
N1398NWUULYBNAB Arduino ESP32-CAM fugunsailiisasnaedisastnngiaduaiy

4' Y v aa
Lﬂa@uvlclﬁ'lﬂ'lﬂsﬁﬁ@uw3qlﬁﬂ

-----------------------------------

............................................
............................................
............................................
............................................
............................................

............................................
..................................................
.............................................
...............................................
............................................

-----------------------------------
.....................................

fritzing

g‘dﬁ 3.11 99NUUUR9ITNAB9995UALY Arduino Esp32-Cam Waunanu PIR MotionSensor

TUsunsy Fritzing
3.3.2 N1599NLUU Schematic ¥842935n8892995Un

AN59BNKUU Schematic ¥993935N14991995UARSI99UANUARDUINIA8SId B UNS WA N

14 Arduino Esp32-Cam ieusiafiugunsalsneiailuisasndessasin

GPIO 13
ESP32

GND  VCC

JUN 3.12 uane Schematic ¥893933n8092935UANTITUAIATIUIMIRILTIFBUNTIIA
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3.3.3 N15682995NA092995UANTIAIUAMULARBUINIAYSIFDUNTILIA

JUT 3.13 m3sieaasTddmsuilundasisaslansnadumsaioulninniddunsin

ns\deusiegunsaliieg asuuvesailerinismaasdltann ndessasdansraduai
wasulmeesEdunssn TnensiourenisinuwessasBuionisreurasingloun 5v
TUfi9 VCC 5V w84 Esp32-Cam wagsiada Esp32-Cam 9107983 GPIO13 daduwn 1/0 undi R
10k Wi ununszLaliAowd Transitor wazaalufian Collector was Transistor 2N3904
WunsruBamesuwuululnaisau - av - aulngerdenszualaiiininaieuen ﬁgﬂﬁhamﬁ 1
VCC 994 Esp32-Cam lmvausaiudinnszualwiinelulivdsuntas uassnunssudalilug
AaTilUT Wwuees PIR s Base Weonlaoamiuniuawin 1k out 989 PIR Sensor was

971 VCC 984 PIR Sensor dafulniaes
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3.4 A151USHASUNAD92995UANTIAIUANULAF UL

3.4.1 N15IUSHNSUNAB9995UANSIUANNAFU I Tulnunaaulall

#include "esp camera.h"

#include <WiFi.h>

#include "esp _timer.h"

#include "img_converters.h"

#include "Arduino.h"

#include "fb_gfx.h"

#include "soc/soc.h" //disable brownout problems

#include "soc/rtc _cntl reg.h"™ //disable brownout problems
#include "esp http_server.h"

//Replace with your network credentials
const char* ssid = "REPLACE_WITH YOUR_SSID";
const char* password = "REPLACE_WITH_ YOUR_PASSWORD";

#define PART_BOUNDARY "123456789000000000000987654321"

// This project was tested with the AI Thinker Model,
M5STACK PSRAM Model and M5STACK WITHOUT PSRAM
#tdefine CAMERA _MODEL_AI THINKER

//#define CAMERA_MODEL_M5STACK_ PSRAM

//#define CAMERA_MODEL_MS5STACK WITHOUT_PSRAM

// Not tested with this model
//#define CAMERA _MODEL_WROVER_KIT

#if defined(CAMERA MODEL WROVER_KIT)
#define PWDN_GPIO NUM -1
#define RESET GPIO NUM -1
#define XCLK_GPIO NUM 21
#define SIOD GPIO NUM 26
#define SIOC_GPIO NUM 27

#define Y9_GPIO_NUM 35
#define Y8_GPIO_NUM 34
#define Y7_GPIO_NUM 39

#define Y6_GPIO_NUM 36



#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine

#tdefine
#tdefine
#tdefine
#tdefine
#tdefine

#tdefine
#define
#tdefine
#tdefine
#define
#tdefine
#tdefine
#define
#tdefine
#tdefine
#define

#define
#tdefine
#tdefine
#tdefine
#tdefine

#define
#tdefine
#define
#tdefine
#tdefine
#define

Y5_GPIO_NUM
Y4_GPIO NUM
Y3_GPIO_NUM
Y2_GPIO NUM
VSYNC_GPIO NUM
HREF_GPIO NUM
PCLK_GPIO NUM

PWDN_GPIO NUM
RESET_GPIO_NUM
XCLK_GPIO NUM
SIOD_GPIO NUM
SIOC_GPIO NUM

Y9_GPIO NUM
Y8_GPIO NUM
Y7_GPIO_NUM
Y6_GPIO NUM
Y5_GPIO NUM
Y4 GPIO NUM
Y3 GPIO NUM
Y2_GPIO NUM
VSYNC_GPIO NUM
HREF_GPIO NUM
PCLK_GPIO NUM

PWDN_GPIO NUM
RESET GPIO_NUM
XCLK_GPIO_NUM
SIOD _GPIO NUM
SIOC_GPIO_NUM

Y9 _GPIO NUM
Y8_GPIO_NUM
Y7_GPIO NUM
Y6_GPIO_NUM
Y5_GPIO_NUM
Y4 _GPIO NUM

19
18

5

4
25
23
22

#elif defined(CAMERA_MODEL_M5STACK_PSRAM)

-1
15
27
25
23

19
36
18
39

5
34
35
32
22
26
21

#elif defined(CAMERA MODEL M5STACK _WITHOUT_PSRAM)

=1l
15
27
25
23

19
36
18
39

5
34

28



#define Y3_GPIO NUM 35
#define Y2_GPIO NUM 17
#define VSYNC_GPIO NUM 22
#define HREF_GPIO NUM 26
#define PCLK_GPIO NUM 21

#elif defined(CAMERA MODEL_AI_THINKER)

#define PWDN_GPIO NUM 32
#define RESET_GPIO_NUM -1
#define XCLK_GPIO NUM (%]
#define SIOD _GPIO_NUM 26
#define SIOC_GPIO_NUM 27
#define Y9 GPIO_ NUM 35
#define Y8 GPIO NUM 34
#define Y7_GPIO NUM 39
#define Y6_GPIO_NUM 36
#define Y5_GPIO_NUM 21
#define Y4 GPIO NUM 19
#define Y3 _GPIO NUM 18
#define Y2_GPIO_NUM 5
#define VSYNC_GPIO_NUM 25
#define HREF GPIO NUM 23
#define PCLK_GPIO NUM 22
f#telse
#error "Camera model not selected"
#tendif

static const char* STREAM CONTENT TYPE = "multipart/x-
mixed-replace;boundary=" PART_BOUNDARY;

static const char* _STREAM BOUNDARY = "\r\n--"
PART_BOUNDARY "\r\n";

static const char* _STREAM_PART = "Content-Type:
image/jpeg\r\nContent-Length: %u\r\n\r\n";

httpd handle t stream_httpd = NULL;
static esp_err_t stream_handler(httpd req t *req){

camera_fb_t * fb = NULL;
esp_err_t res = ESP_OK;

29



size_ t _jpg buf_len = 0;
uint8 t * jpg buf = NULL;
char * part_buf[64];

res = httpd resp set type(req, _STREAM CONTENT TYPE);
if(res != ESP_OK){
return res;

}

while(true){
fb = esp_camera_fb get();
if (!fb) {
Serial.println("Camera capture failed");
res = ESP_FAIL;
} else {
if(fb->width > 400){
if(fb->format != PIXFORMAT JPEG){
bool jpeg converted = frame2jpg(fb, 80,
& jpg_buf, & jpg buf len);
esp_camera_fb return(fb);
fb = NULL;
if(!jpeg converted){
Serial.println("JPEG compression failed");
res = ESP_FAIL,;
}
} else {
_Jjpg _buf_len = fb->len;
_jpg _buf = fb->buf;
¥
}
¥
if(res == ESP_OK){
size t hlen = snprintf((char *)part _buf, 64,
_STREAM_PART, jpg buf len);
res = httpd resp send chunk(req, (const char
*)part_buf, hlen);
¥
if(res == ESP_OK){
res = httpd _resp_send_chunk(req, (const char
*)_jpg_buf, _jpg_buf_len);

30



}
if(res == ESP_OK){
res = httpd _resp send chunk(req, _STREAM_ BOUNDARY,
strlen(_STREAM BOUNDARY));
¥
if(fb){
esp_camera_fb_return(fb);
fb = NULL;
_Jjpg_buf = NULL;
} else if(_jpg buf){
free(_jpg_buf);
_Jjpg_buf = NULL;
¥
if(res !'= ESP_0OK){
break;
¥
//Serial.printf("MIPG:
%uB\n", (uint32_t)(_jpg buf _len));
}

return res;

}

void startCameraServer(){
httpd_config t config = HTTPD_DEFAULT CONFIG();
config.server_port = 80;

httpd_uri_t index_uri = {

.uri "/

.method = HTTP_GET,
.handler = stream_handler,
.user_ctx = NULL

};

//Serial.printf("Starting web server on port: '%d'\n",
config.server port);
if (httpd_start(&stream_httpd, &config) == ESP_OK) {

}
}

httpd register uri handler(stream _httpd, &index uri);

31



void setup() {
WRITE_PERI_REG(RTC_CNTL_BROWN_OUT_REG, ©); //disable
brownout detector

Serial.begin(115200);
Serial.setDebugOutput(false);

camera_config t config;

config.ledc _channel = LEDC_CHANNEL ©;
config.ledc_timer = LEDC_TIMER_O;
config.pin_do@ = Y2 _GPIO_NUM;
config.pin_dl = Y3 GPIO_NUM;
config.pin_d2 = Y4 _GPIO_ NUM;
config.pin d3 = Y5 GPIO_NUM;
config.pin_d4 = Y6_GPIO_NUM;
config.pin_d5 = Y7_GPIO_NUM;
config.pin_d6 = Y8 GPIO NUM;
config.pin_d7 = Y9_GPIO_NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK GPIO NUM;
config.pin_vsync = VSYNC_GPIO_NUM;
config.pin_href = HREF_GPIO_ NUM;
config.pin_sscb _sda = SIOD _GPIO_NUM;
config.pin_sscb_scl = SIOC_GPIO_NUM;
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO NUM;
config.xclk freq hz = 20000000;
config.pixel format PIXFORMAT JPEG;

if(psramFound()){
config.frame_size FRAMESIZE UXGA;
config.jpeg quality = 10;
config.fb_count = 2;

} else {
config.frame_size = FRAMESIZE SVGA;
config.jpeg quality = 12;
config.fb _count = 1;

}

// Camera init



esp_err_t err = esp_camera_init(&config);
if (err != ESP OK) {

Serial.printf("Camera init failed with error Ox%x",

err);

}

return;
}
// Wi-Fi connection
WiFi.begin(ssid, password);
while (WiFi.status() != WL_CONNECTED) {
delay(500);
Serial.print(".");
}
Serial.println("");
Serial.println("WiFi connected");

Serial.print("Camera Stream Ready! Go to:

Serial.print(WiFi.localIP());

// Start streaming web server
startCameraServer();

void loop() {

}

delay(1);

http://");
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3.4.2 M5IUSHNSUNAB92995UANT29UANUAFU I lulunaanlal

#include
#include
#include
#include
#include
problems
#include
problems
#include
#include
flash me

"esp_camera.h"
"Arduino.h"
"FS.h"
"SD_MMC.h"
"soc/soc.h"

"soc/rtc_cntl_reg.h"

"driver/rtc_io.h"
<EEPROM. h>
mory

//
//
//

//

//

// define the number of bytes you

#tdefine

EEPROM_SIZE 1

RTC_DATA_ATTR int bootCount

0;

SD Card ESP32
SD Card ESP32
Disable brownour

Disable brownour

read and write from

want to access

// Pin definition for CAMERA MODEL AI THINKER

#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine

int pict

void set

PWDN_GPIO NUM
RESET_GPIO_NUM
XCLK_GPIO NUM
SIOD_GPIO NUM
SIOC_GPIO_NUM
Y9 GPIO NUM

Y8 _GPIO_NUM

Y7 GPIO_NUM
Y6_GPIO_NUM
Y5_GPIO NUM
Y4_GPIO_NUM
Y3_GPIO_NUM
Y2_GPIO NUM
VSYNC_GPIO_NUM
HREF_GPIO_NUM
PCLK_GPIO NUM

ureNumber = 0;

up() {
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WRITE_PERI_REG(RTC_CNTL_BROWN OUT REG, ©); //disable

brownout detector

Serial.begin(115200);
Serial.setDebugOutput(true);

camera_config t config;

config.ledc _channel = LEDC_CHANNEL ©;
config.ledc _timer = LEDC_TIMER_O;
config.pin_d@ = Y2_GPIO_NUM;
config.pin_dl1 = Y3 GPIO_NUM;
config.pin_d2 = Y4 _GPIO_NUM;
config.pin_d3 = Y5 _GPIO_ NUM;
config.pin d4 = Y6 _GPIO_NUM;
config.pin_d5 = Y7_GPIO_NUM;
config.pin_d6 = Y8 _GPIO_NUM;
config.pin_d7 = Y9 _GPIO NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK_GPIO_NUM;
config.pin_vsync = VSYNC_GPIO NUM;
config.pin_href = HREF_GPIO_NUM;
config.pin_sscb _sda = SIOD _GPIO_NUM;
config.pin_sscb _scl = SIOC _GPIO_NUM;
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO _NUM;
config.xclk freq hz = 20000000;
config.pixel format = PIXFORMAT_JPEG;

pinMode (4, INPUT);
digitalWrite(4, LOW);
rtc_gpio hold dis(GPIO_NUM 4);

if(psramFound()){
config.frame_size = FRAMESIZE UXGA; // FRAMESIZE +

QVGA | CIF|VGA | SVGA|XGA | SXGA | UXGA

config.jpeg quality = 10;
config.fb _count = 2;
} else {
config.frame_size = FRAMESIZE SVGA;
config.jpeg quality = 12;
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config.fb_count = 1;

}

// Init Camera
esp_err_t err = esp _camera_init(&config);
if (err != ESP_OK) {
Serial.printf("Camera init failed with error ox%x",
err);
return;

}

Serial.println("Starting SD Card");

delay(500);

if(!SD_MMC.begin()){
Serial.println("SD Card Mount Failed");
//return;

}

uint8 t cardType = SD_MMC.cardType();

if(cardType == CARD_NONE){
Serial.println("No SD Card attached");
return;

}
camera_fb _t * fb = NULL;

// Take Picture with Camera

fb = esp_camera fb_get();

if(!fb) {
Serial.println("Camera capture failed");
return;

}

// initialize EEPROM with predefined size

EEPROM.begin(EEPROM_SIZE);

pictureNumber = EEPROM.read(0) + 1;

// Path where new picture will be saved in SD Card
String path = "/picture" + String(pictureNumber)

+".7pg";
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fs::FS &fs = SD _MMC;
Serial.printf("Picture file name: %s\n", path.c_str());

File file = fs.open(path.c_str(), FILE_WRITE);
if(!file){
Serial.println("Failed to open file in writing mode");
}
else {
file.write(fb->buf, fb->len); // payload (image),
payload length
Serial.printf("Saved file to path: %s\n",
path.c_str());
EEPROM.write(@, pictureNumber);
EEPROM.commit();
}
file.close();
esp_camera_fb _return(fb);

delay(1000);

// Turns off the ESP32-CAM white on-board LED (flash)
connected to GPIO 4

pinMode(4, OUTPUT);

digitalWrite(4, LOW);

rtc_gpio hold en(GPIO NUM 4);

esp_sleep _enable ext® wakeup(GPIO NUM 13, 9);

Serial.println("Going to sleep now");
delay(1000);

esp_deep_sleep start();

Serial.println("This will never be printed");

}

void loop() {

}
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INTRODUCTION

ESP32-CAM is a low-cost ESP32-based development board with onboard camera,
small in size. It is an ideal solution for 0T application, prototypes constructions and
DIY projects.

The board integrates WiFi, traditional Bluetooth and low power BLE , with 2
highperformance 32-bit LX6 CPUs. It adopts 7-stage pipeline architecture,
on-chip sensor, Hall sensor, temperature sensor and so on, and its main
frequency adjustment ranges from 80MHz to 240MHz.

Fully compliant with WiFi 802.11b/g/n/e/i and Bluetooth 4.2 standards, it can
be used as a master mode to build an independent network controller, or as
a slave to other host

MCUs to add networking capabilities to existing devices

ESP32-CAM can be widely used in various loT applications. It is suitable for
home smart devices, industrial wireless control, wireless monitoring, QR
wireless identification, wireless positioning system signals and other 10T
applications. It is an ideal solution for loT applications.

-~ GPIO4
- {GPIO2
~“GPIO14
- GPIO15

-~ GPIO13

GPIo12/

L
L
L]
®
*
®
®
®

Schematic Diagram
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Dimension Diagram
Notes:

1.Please be sure that the power supply for the module should be at least 5V
2A, otherwise maybe there would be water ripple appearing on the image.

2.ESP32 GPIO32 pin is used to control the power of the camera, so when
the camera is in working, pull GP1IO32 pin low.

3.Since 10 pin is connected to camera XCLK, it should be left floating in
using, and do not connect it to high/low level.

4.The product has been equipped with default firmware before leaving the
factory, and we do not provide additional ones for you to download. So,
please be cautious when you choose to burn other firmwares.

FEATURES

« Up to 160MHz clock speed, Summary computing power up to 600
DMIPS

Built-in 520 KB SRAM, external 4AMPSRAM
Supports UART/SPI/12C/PWM/ADC/DAC
Support OV2640 and OV7670 cameras, Built-in Flash lamp.
Support image WiFI upload
Support TF card
- Supports multiple sleep modes.
- Embedded Lwip and FreeRTOS

Copyright © Future Technology Devices International Limited
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Supports STA/AP/STA+AP operation mode
Support Smart Config/AirKiss technology
Support for serial port local and remote firmware upgrades (FOTA)

SPECIFICATION
. SPI Flash: default 32Mbit

. RAM: built-in 520 KB+external 4AMPSRAM

. Dimension: 27*40.5*4.5 (+0.2) mm/1.06*1.59%0.18”
. Bluetooth: Bluetooth 4.2 BR/EDR and BLE standards
. Wi-Fi: 802.11b/g/n/eli

. Support Interface: UART, SPI, 12C, PWM

. Support TF card: maximum support 4G

. 10 port: 9

. Serial Port Baud-rate: Default 115200 bps

. Image Output Format: JPEG( OV2640 support only ), BMP, GRAYSCALE
. Spectrum Range: 2412 ~2484MHz
. Antenna: onboard PCB antenna, gain 2dBi

. Transmit Power: 802.11b: 17+2 dBm (@11Mbps);
802.11g: 14+2 dBm
(@54Mbps); 802.11n: 13+2
dBm (@MCS7)

. Receiving Sensitivity: CCK, 1 Mbps : -90dBm;
CCK, 11 Mbps: -85dBm;
6 Mbps (1/2 BPSK): -88dBm;
54 Mbps (3/4 64-QAM): -70dBm;
MCS7 (65 Mbps, 72.2 Mbps): -67dBm

. Power consumption: Turn off the flash: 180mA@5V
Turn on the flash and adjust the brightness to the
maximum:
310mA@5V

Copyright © Future Technology Devices International Limited
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Deep-sleep: the lowest power consumption can reach
6MA@5V

Moderm-sleep: up to 20mA@5V

Light-sleep: up to 6.7mA@5V

Security: WPA/WPA2/WPA2-Enterprise/WPS
Power supply range: 5V

Operating temperature: -20 °C ~ 85 °C

Sorage environment: -40 °C ~90 °C, < 90%RH

Weight: 10g

SHIPPING LIST
0 ESP32-CAM Development Board x1

ESP32-CAM

(EEEE T em
0 1 2 3
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SENSOR MANUAL

Pyroelectric Infrared Radial

Sensor
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TYPE: AM312
NANYANG SENBA OPTICAL AND ELECTRONIC CO., LTD.

Page 1 of 6 www.nysenba.com

Digital Intelligent Passive Infrared Sensor AM312

AM312 is a new digital intelligent PIR sensor. This Smatrt digital detector
offers a complete motion detector solution,with all electronic circuitry built
into the detector housing. Only a power supply and power-switching
components need to be added to make the entire motion switch.

B Features and Benefits

B Digital signal processing (DSP)
Copyright © Future Technology Devices International Limited
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B Two-way differential high impedance sensor input and temperature

compensation
B Built-in filter, screen the interference by other frequency
B Schmidt REL output

W Applications
USB Alarms, PIR motion detection, Intruder detection, Occupancy

detection,
Motion sensor lights, Network camera, Car-security system etc.

Bl Dimension

9y
o ’l\\ X \"\ '-‘:r:-
S ST R K
I/*//"\ﬂfﬁ[\/ s .\/\ 3
R NNE N 7
A PHKAY
[ SR INEAYTY T
WG
\ Y4 /) v
,\/"':_\\__ ._-/’/\}ét{(
\‘\X'—‘ PN
.;)\ .
.’\‘_

12,541 —-{-——o«— 42202

[
—F
:—%———

M Technical Data
1. Maximum Ratings
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L Min. Max. .
har risti mbol ni Remark
Characteristics | Symbo Value value Unit emarks
Supply Voltage VDD -0.3 3.6 \%
Working .
Temperature TST -20 85 c
Current into any pin Into -100 100 mA
Storage Temperature TST -40 125 ©

2.Working Conditions (T=25°C, Vdd=3V, Except other requirements)

Characteristics | Symbol | Min. | Type | Max. | Unit Remarks
Supply Voltage VDD 2.7 3 3.3 \%
Working Current IDD 12 15 20 MA

Sensitivity ]

Vsens 120 pVv Non-adjustable

Threshold Value
Output REL
Output Low Current IOL 10 mA VOL<1V
Output High Current IOH -10 mA VOH>(VDD-1V)
REL Low Level Output .
Blockade Time TOL 2.3 s Non-adjustable
REL High Level Output
Delay Time & 2.3 S
Oscillator & Filter
Low pass filter cut-off
frequency 7 Hz
High pass filter cut-off
frequency 0.44 Hz
Oscillator frequency on Chip | FCLK 64 kHz

Copyright © Future Technology Devices International Limited
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Interior Block Diagram J— o
M Typical Application
; [ [
E’ - i vour |3 R S
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Notes : This is only reference circuit for PIR Sensor AM312.
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B Spectral Response of Window Materials
100

o

a0
a0 Silicon Fliter Fati \-/ /\ I\\/
0 > f \
Z N g
E 60 N o
& 50 = T =
5w J |
g 4 RN
20 I \
10 l 5. sym Long-Pass Filter

=

B 7 8 9 10 1112131415 20
iave Length [um]

[
2]
w
=
w

Notice:
The typical average transmissivity curve of 5.5um pass IR filter is figured,
which is vacuumed on silicon filter.
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B View of Field

00

X-Y sectional view

Y detecting zone

BEDwDDE
ﬂ mmmeuTNogﬂeﬁmﬁa—Esectional view represent the detecting area,
00 pexs Emdﬂjm:tm with temperature difference can be
e = .
Detecteig-ﬂ im > \Eetg ag f@v;ﬂ
BE Ly 8 B
BpnomS
tem o 2 Beop pm m BN EE

. Dir/«leCtiOMrO]ISr\ fonlr USmeOI ~ —~~ 1 r?J, u 1 6 9/ A Uu & 97 . < < Qs
ePay attention to the mounting direction of the sensor’s element and the size of element
ichnography. Combining with focus of Fresnel lens can achieve a optimal optics design.
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e The ex-factory parameter of sensor is gained by testing in the condition of standard
Black Body and the relevant circuit after one minute steadying-time.

eThe detecting distance of sensor is a multidimensional function, consisting of ambient
temperature, temperature of moving target , target distance of Fresnel Lens’, ambient
humidity , amplifier gain and comparison voltage.

eThe welding shall be made at 4mm above as per the recommendation for lead wire of
sensor seat, and the welding should be completed in the shortest possible time.

eDo not touch the window by hand and the hard things directly.
eStrong shake and static should be avoided.
¢100pcs per small package ,3000pcs per large package.

Future Technology Devices
International Ltd
FT232R USB UART IC

Copyright © Future Technology Devices International Limited
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Datasheet

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 1/O
configuration.

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.

128 byte receive buffer and 256 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.

O Fully integrated USB .

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
highpower 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 1/0 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.

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 electro
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 suitabilit)40°C to
particular purpose is either made or implied. Future Technology Devices International Ltd will not accept any claim for damages howsoever arising as a result ¢ °

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 85 C
the failure of the product might reasonably be expected to result in personal injury. This document provides preliminary information that may be subject to chan d d
notice. No freedom to use patents or other intellectual property rights is implied by the publication of this document. Future Technology Devices International L extende

2 Seaward Place, Centurion Business Park, Glasgow Operating
G41 1HH United Kingdom. Scotland Registered Company Number: SC136640

Unique USB FTDIChip-ID™ feature.
Configurable CBUS 1/O pins.
Transmit and receive LED drive signals.

UART interface support for 7 or 8 data bits, 1 _ o
or 2 stop bits and odd / even / mark / space /no 1 Typical Applications

parity . USB to RS232/RS422/RS485 Converters
Upgrading Legacy Peripherals to USB

temperature range.

Available in compact Pb-free 28 Pin SSOP and
QFN-32 packages (both RoHS compliant).

FIFO receives and transmits buffers for high
data throughput.

Copyright © Future Technology Devices International Limited 15
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Cellular and Cordless Phone USB data transfer «

cables and interfaces

Interfacing MCU/PLD/FPGA based designs to |

USB

USB Audio and Low Bandwidth Video data.

transfer
PDA to USB data transfer
USB Smart Card Readers

USB Instrumentation
USB Industrial Control

1.1 Driver Support

Royalty free VIRTUAL COM PORT
(VCP) DRIVERS for...

Windows 10 32,64-bit
Windows 8/8.1 32,64-hit
Windows 7 32,64-bit

Windows Vista and Vista 64-bit
Windows XP and XP 64-bit

Windows 98, 98SE, ME, 2000, Server 2003,
XP, Server 2008 and server 2012 R2

Windows XP Embedded
Windows CE 4.2, 5.0 and 6.0
Mac OS 8/9, 0S-X

USB MP3 Player Interface

USB FLASH Card Reader and Writers
Set Top Box PC - USB interface

USB Digital Camera Interface

USB Hardware Modems

USB Wireless Modems

USB Bar Code Readers

USB Software and Hardware Encryption
Dongles

Linux 2.4 and greater
Royalty free D2XX Direct Drivers
(USB Drivers + DLL S/W Interface)
Windows 10 32,64-bit
Windows 8/8.1 32,64-bit
Windows 7 32,64-bit
Windows Vista and Vista 64-bit
Windows XP and XP 64-hit

Windows 98, 98SE, ME, 2000, Server 2003,
XP, Server 2008 and server 2012 R2

Windows XP Embedded
Windows CE 4.2, 5.0 and 6.0
Linux 2.4 and greater
Android(J2xx)

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 http://www.ftdichip.com/Documents/InstallGuides.htm

1.2 Part Numbers

Part Number Package
FT232RQ-XXXX 32 Pin QFN
FT232RL-xXxx 28 Pin SSOP
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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) 40680004 (Rev B) and 40770018 (Rev C).

CERTIFIED

Copyright © Future Technology Devices International Limited 17
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2 FT232R Block Diagram

vcc —* - SLEEP#
N Baud Rate
48MHz Generator
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VIUT RE;EE,D, > FIFO RX 4
L | «—» DBUSO
l—p DBUS1
|-«—p» DBUS2
4 \ l—» DBUS3
usB > l«—» DBUS4
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USBDP -s—p] Transceiver > ) > > > !
i Serial Interface lt—>
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ang ;5K l«—>» CBUSO
up ! A A | «—» CBUS1
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Internal CcBUS3
- EEPROM l«—» CBUS4
USB DPLL av30UT
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0SCco
(optional) Internal
2.0 1 Reset
ocsl Dﬂmth » :‘ltlng:r R N Generator
IScillator p
(optional) To USB Transeiver Cell <—
TEST -
GND >

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
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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#

Pin Name | Type Description
No.

USB Data Signal Plus, incorporating internal series resistor and

15 USBDP 1/10 1.5kQ pull up resistor to 3.3V.

16 UsBDM| 1/0 USB Data Signal Minus, incorporating internal series resistor.

Table 3.1 USB Interface Group

Pin Name | Type Description
No.

+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

4 VCCIO [ PWR | 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,

1 GND PWR | Device ground supply pins

+3.3V output from integrated LDO regulator. This pin should be
decoupled to ground using a 100nF capacitor. The main use of this
17 3V30UT| Output | pin is to provide the internal +3.3V supply to the USB transceiver
cell and the internal 1.5kQ pull up resistor on USBDP. Up to SOmA
can be drawn from

Pin Name | Type Description
No.

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
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Pin Name| Type Description
No.
8, 24 NC NC No internal connection
Active low reset pin. This can be used by an external device to reset
19 RESET#| Input [the FT232R. If not required can be left unconnected, or pulled up to
VCC.
0 | TEST | | e
97 0SCl Input Lr;[;lrﬁallih;lelj;ti(grsfi(lslzgolr\lgte;Ié)OptionaI — Can be left unconnected for
Output from 12MHZ Oscillator Cell. Optional — Can be left
28 OSCO | Output | unconnected for normal operation if internal Oscillator is used. (see
Note 2)
Table 3.3 Miscellaneous Signal Group
Pin Name| Type Description
No.
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
12 CBUS4 1/0 configured in the device internal EEPROM. Factory default
configuration is SLEEP#. See CBUS Signal Options, Table 3.9.
Configurable CBUS 1/O Pin. Function of this pin is configured in the
13 CBUS2 /10 device internal EEPROM. Factory default configuration is TXDEN.
See CBUS Signal Options, Table 3.9.
Configurable CBUS 1/O Pin. Function of this pin is configured in the
14 CBUS3 /0 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.
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Configurable CBUS 1/0O Pin. Function of this pin is configured in the
device internal EEPROM. Factory default configuration is RXLED#.
See

CBUS Signal Options, Table 3.9.

22 CBUS1 I/0

Configurable CBUS 1/O Pin. Function of this pin is configured in the
23 CBUSO 1/0 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. Fordetails on how to use an external crystal, ceramic resonator, or oscillator with the FT232R,
please refer Section 7.6

3. When used in Input Mode, the input pins are pulled to VCCIO via internal 200kQ resistors.
These pins can be programmed to gently pull low during USB suspend (PWREN# = “1”) by
setting an option in the internal EEPROM.

3.3 QFN-32 Package

32 25

1 O 24 1 30
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YYXX-A 13 1 useom 32
RTS#
XXXXXXX 14 | useop g
FT232RQ S i
8 17 12 31
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GND 20 [ ] s NC A 7 CRESS
G G G G E 1"
vce 1e DO ] & DsR# N N N N S CBUS3
RESET# 18 DCD# D D D D T
- i~ cBus4 |2
GND 17 1 o crst 24| 4| 17| 20| 26
ANNNNANNN
16 1514 13 12 11 10 9
@D CC Z2Z2 6 0 O
g w o 0 0 W O W
888 593
S = g W N g
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Figure 3.2 QFN-32 Package Pin Out and schematic symbol

3.4 QFN-32 Package Signal Description

Pin Name| Type Description
No.

USB Data Signal Plus, incorporating internal series resistor and 1.5kQ

14 USBDP | 1/O pull up resistor to +3.3V.

15 USBDM| 1/0 | USB Data Signal Minus, incorporating internal series resistor.

Table 3.5 USB Interface Group

Pin Name | Type Description
No.

+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 3VY30UT to drive out at +3.3V levels, or connect
to VCC to drive out at +5V CMOS level. This pin can also be

1 VCCIO | PWR [ 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.

4’2%)7’ GND PWR [ Device ground supply pins.
16 3V30UT| Output | +3.3V output from integrated LDO regulator. This pin should be
decoupled
Pin Name | Type Description
No.

to ground using a 100nF capacitor. The purpose of this output is to
provide the 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
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Pin Name| Type Description
No.
5,12,
13, 23, NC NC | No internal connection. Do not connect.
25, 29

Active low reset. Can be used by an external device to reset the

18 RESET# Input 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 TEST | Input operation, otherwise the device will appear to fail.

Input 12MHz Oscillator Cell. Optional — Can be left unconnected for

20| OSCL 1 Input | mal operation, (See Note 2).

Output from 12MHZ Oscillator Cell. Optional — Can be left
28 OSCO | Output | unconnected for normal operation if internal Oscillator is used. (See
Note 2).

Table 3.7 Miscellaneous Signal Group

Pin Name| Type Description
No.

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
3 RI# Input | internal EEPROM taking RI# low (20ms active low pulse) can be used

to resume the PC USB host controller from suspend.

DSR# | Input | Data Set Ready Control Input / Handshake Signal.

DCD# | Input | Data Carrier Detect Control Input.

CTS# | Input | Clear To Send Control Input / Handshake Signal.

Configurable CBUS output only Pin. Function of this pin is configured
9 CBUS4 | 1/0 [ inthe device internal EEPROM. Factory default configuration is
SLEEP#. See CBUS Signal Options, Table 3.9.

Configurable CBUS 1/O Pin. Function of this pin is configured in the
10 CBUS2| 1/0 | device internal EEPROM. Factory default configuration is TXDEN. See
CBUS Signal Options, Table 3.9.

Configurable CBUS 1/O 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.

11 CBUS3| 1/0
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Configurable CBUS 1/O Pin. Function of this pin is configured in the
21 CBUS1| 1/0 | device internal EEPROM. Factory default configuration is RXLED#.
See CBUS Signal Options, Table 3.9.

Configurable CBUS 1/0O Pin. Function of this pin is configured in the
22 CBUSO| 1/0 | device 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. For details on how to use an external crystal, ceramic resonator, or oscillator with the FT232R,
please refer to Section 7.6.

3. When used in Input Mode, the input pins are pulled to VCCIO via internal 200kQ resistors.
These pins can be programmed to gently pull low during USB suspend (PWREN# = “1”") by
setting an option in the internal EEPROM.

3.5 CBUS Signal Options

The following options can be configured on the CBUS 1/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 FT_PROG, which can be downloaded from the FTDI Utilities
(www.ftdichip.com). The default configuration is described in Section 8.

C.BUS Available On CBUS VL
Signal . Description
. Pin
Option
CBUSOQ, CBUSL1, CBUS2, :
TXDEN CBUS3, CBUSA Enable transmit data for RS485
Output is low after the device has been
configured by USB, then high during USB
CBUSO, CBUSL. CBUS2, suspending mode. This outpu_t can be used to _
PWREN# CBUS3. CBUSA control power to external logic P-Channel logic
' level MOSFET switch. Enable the interface pull-
down option when using the PWREN# in this
way.*
Transmit data LED drive: Data from USB Host
TXLED# CBUSO, CBUSL1, CBUS2, | to FT232R. Pulses low when transmitting data via
CBUS3, CBUS4 USB.
See Section 7.5 for more details.
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CBUSO, CBUSL, CBUS2, Receive data LED drive: Data fro_m FT232R _to
RXLED# CBUS3. CBUSA USB Host. Pulses low when receiving data via
’ USB. See Section 7.5 for more details.
LED drive — pulses low when transmitting or
CBUSO, CBUSL1, CBUS2, - . :
TX&RXLED# CBUS3, CBUS4 rece!vmg data via USB. See Section 7.5 for more
details.
Goes low during USB suspend mode. Typically
SLEEP# CBUSO, CBUS1, CBUS2, | used to power down an external TTL to RS232
CBUS3, CBUS4 level converter IC in USB to RS232 converter
designs.
CBUSO, CBUS1, CBUS2
1 ’ ) 0, **
CLK48 CBUS3, CBUSA4 48MHz +0.7% Clock output.
CBUSO, CBUSL1, CBUS2, o
CLK24 CBUS3, CBUSA 24 MHz Clock output.
CBUSO, CBUS1, CBUS2, o
CLK12 CBUS3, CBUS4 12 MHz Clock output.
CBUSO, CBUS1, CBUS2
] H ' 0 **
CLK®6 CBUS3, CBUS4 6 MHz £0.7% 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 CBUSO, CBUS1,
CBitBanal/O CBUSO, CBUS1, CBUS2, | CBUS2 and CBUS3 in the internal EEPROM. A
g CBUS3 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
BitBangWRn CBUSO, CBUS1 WR?# strobe output.
. CBUSO, CBUS1, CBUS2, | Synchronous and asynchronous bit bang mode
BitBangRDn CBUS3 RD# strobe output,

Table 3.9 CBUS Configuration Control

* PWREN# must be used with a 10kQ resistor pull up.

**When in USB suspend mode the outputs clocks are also suspended.
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
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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 filtering, 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 /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 / CLKG6 - 48MHz, 24MHz, 12MHz, and 6MHz clock
output signal options.

8. BitBangWRn / BitBangRDn - Synchronous and asynchronous bit bang mode WR#
| RD# strobe outputs

No s wNe=

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 1/0 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 1/0 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/O bus. This option will be described more
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
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output stimulus as the data returned is synchronous to the output data. An application note,
ANZ232R-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.

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 FT_PROG, 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 50mA.

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
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signalling, whilst a differential input receiver and two single ended input receivers provide USB
data in, Single-Ended-0 (SEQ) 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 clock 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 RX Buffer (128 bytes). Data sent from the USB host controller to the UART via the
USB data OUT endpoint is stored in the FIFO RX (receive) buffer. Data is removed from the buffer
to the UART transmit register under control of the UART FIFO controller. (Rx relative to the USB
interface).

FIFO TX Buffer (256 bytes). Data from the UART receive register is stored in the TX
buffer. The USB host controller removes data from the FIFO TX Buffer by sending a USB request
for data from the device data IN endpoint. (Tx relative to the USB interface).

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.
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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.

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 ( = 2'4 ) 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. Whenn =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.

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 Units

Storage Temperature -65 to 150 °C
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Floor Life (Out of Bag) At Factory 168
Ambient (30°C /60% Relative (IPC/JEDEC J-STD-033A Hours
Humidity) MSL Level 3 Compliant)*
Ambient Temperature (Power Applied) -40 to 85 °C
MTTF FT232RL 11162037 hours
MTTF FT232RQ 4464815 hours
VCC Supply Voltage -0.5to0 +6.00 \Y/
DC Input Voltage — USBDP and -0.5t0 +3.8 \Y/
USBDM
DC Input Vol_tage —_ngh Impedance 0.5 t0+ (VCC +0.5)
Bidirectional
DC Input Voltage — All Other Inputs -0.5t0 + (VCC +0.5)
DC Output Current — Outputs 24 mA
DC Output Cu_rr_ent 7 Low Impedance 24 mA
Bidirectional
Power Dissipation (VCC =5.25V) 500 mw

hours.

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

5.2 DC Characteristics

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

Parameter| Description | Minimum| Typical| Maximum| Units| Conditions
VCC Operatin Using Internal
veer Supply F\)/oltagg " A v Osgcillator
VCC Operatin Using External
veer Supply I[\)/oltagg 33 5.25 v C?rystal
VCCIO
VCC2 Operating 1.8 5.25 \Y/
Supply Voltage
Iccl Operating 15 mA Normal
Supply Current Operation
Icc2 Operating 50 70 100 LA USB Suspend
Supply Current
3V3 3.3v regulator 3.0 3.3 3.6 \
output
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Table 5.2 Operating Voltage and Current

Parameter| Description | Minimum| Typical| Maximum| Units | Conditions

Voh Output Voltage 3.2 4.1 4.9 \Y/ I source =
High 2mA
Vol Output Voltage 0.3 0.4 0.6 \ I sink = 2mA
Low
: Input Switching o
Vin Threshold 1.0 1.2 15 \%
VHys Input Switching 20 25 30 mv xox
Hysteresis

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 2.2 2.7 3.2 \ I source =
High 1mA
Vol Output Voltage 0.3 0.4 0.5 \Y I sink = 2mA
Low
: Input Switching ox
Vin Threshold 1.0 1.2 15 V
VHys KRSy 20 25 30 mv o
Hysteresis

Table 5.4 UART and CBUS 1I/0 Pin Characteristics (VCCIO = +3.3V,
Standard Drive Level)

Parameter| Description | Minimum| Typical| Maximum| Units | Conditions
Voh Output Voltage 2.1 2.6 2.8 \ I source =
High 1mA
Vol Output Voltage 0.3 0.4 0.5 \Y/ I sink = 2mA
Low
: Input Switching ox
Vin Threshold 1.0 1.2 15 \%
VHys Input Switching |, 25 30 mv o
Hysteresis

Table 5.5 UART and CBUS I/0 Pin Characteristics (VCCIO = +2.8V,
Standard Drive Level)

Parameter| Description | Minimum| Typical| Maximum| Units| Conditions
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Voh Output Voltage 1.32 1.62 1.8 \Y | source =
High 0.2mA
Vol Output Voltage 0.06 0.1 0.18 \ | sink =
Low 0.5mA
Vin Input Switching 1.0 1.2 1.5 \ **
Threshold
VHys Input Switching 20 25 30 mV **
Hysteresis

Table 5.6 UART and CBUS I/0 Pin Characteristics (VCCIO = +1.8V,
Standard Drive Level)

Parameter| Description | Minimum| Typical| Maximum | Units | Conditions
Voh Output Voltage 3.2 4.1 4.9 \Y | source =
High 6mA
Vol Output Voltage 0.3 0.4 0.6 \ I sink = 6mA
Low
: Input Switching o
Vin Threshold 1.0 1.2 15 Vv
VHys PSSt 20 25 30 my xox
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 2.2 2.8 3.2 \ | source =
High 3mA
Vol Output Voltage 0.3 0.4 0.6 \Y/ I sink = 8mA
Low
: Input Switching ox
Vin Threshold 1.0 1.2 15 \%
VHys Input Switching |, 25 30 mv o
Hysteresis

Table 5.8 UART and CBUS I/0 Pin Characteristics (VCCIO = +3.3V,
High Drive Level)

Parameter| Description | Minimum| Typical| Maximum| Units | Conditions
Voh Output Voltage 2.1 2.6 2.8 \ I source =
High 3mA
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Vol Output Voltage 0.3 0.4 0.6 \ I sink = 8mA
Low
: Input Switching ox
Vin Threshold 1.0 1.2 1.5 \Y
VHys Input Switching 20 25 30 mvV o
Hysteresis

Table 5.9 UART and CBUS I/0 Pin Characteristics (VCCIO = +2.8V,
High Drive Level)

Parameter| Description | Minimum| Typical| Maximum | Units | Conditions
Voh Output Voltage 1.35 1.67 1.8 \Y | source =
High 0.4mA
Vol Output Voltage 0.12 0.18 0.35 \ I sink = 3mA
Low
: Input Switching o
Vin Threshold 1.0 12 15 V
VHys P L-IWEbifg 20 25 30 mv *ox
Hysteresis

Table 5.10 UART and CBUS I/0 Pin Characteristics (VCCIO =
+1.8V, High Drive Level)

** Only input pins have an internal 200K.Q pull-up resistor to VCCIO

Parameter| Description | Minimum| Typical| Maximum| Units | Conditions
. Input Switching
Vin Threshold 1.3 1.6 19 \Y/
VHys Input Switching 50 55 60 mvV
Hysteresis
Table 5.11 RESET# and TEST Pin Characteristics
Parameter| Description | Minimum| Typical| Maximum| Units | Conditions
RI=1.5kQ to
. . 3V30UT (D+)
UVoh '(g(atpt'ft's‘(ﬁfatr']‘): 2.8 36 v |RI=
putiig 15KQ to GND
(D-)
. . RI=1.5kQ to
UVol LQ FinsStatic 0 0.3 V| 3v30UT (D+)
Output (Low) Rl =
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15kQ to GND
(D-)
Single Ended
UVse Rx Threshold 0.8 2.0 v
Differential
UCom Common Mode 0.8 2.5 V
UVDif bt 0.2 Y,
Input Sensitivity
UDNZ Driver Output 26 29 44 Ohms | See Note 1
Impedance
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 | Units

Data Retention 10 Years
Write 10,000 Cycles
Read Unlimited | 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: Equivalent to +/-1667ppm
Parameter| Description | Minimum| Typical| Maximum| Units | Conditions

36
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Voh Output Voltage 2.1 2.8 3.2 \Y | source =
High 3mA

Vol Output Voltage 0.3 0.4 0.6 \/ I sink = 8mA
Low

. Input Switching
Vin Threshold 1.0 1.2 1.5 \Y

Table 5.15 OSCI, OSCO Pin Characteristics — see Note 1

Note: When supplied, the FT232R is configured to use its internal clock oscillator. These
characteristics only apply when an external oscillator or crystal is used.

5.5 Thermal Characteristics

The FT232RL package has the following thermal characteristics:

Parameter | Value Units Conditions
Theta JA (81a) 55.82 °C/IW Still air
Theta JC (6ic) | 24.04 °C/W

Table 5.16 FT232RL Thermal Characteristics

The FT232RQ package has the following thermal characteristics:

Parameter | Value | Units Conditions

Theta JA (©.1a) 31.49 °C/IW Still air, center pad soldered to PCB, 9 vias to another
plane

Theta JA (©.a) 62.31 °C/W Still air, center pad unsoldered

Theta JC (B.c) °C/W

Table 5.17 FT232RQ Thermal Characteristics

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.
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6.1 USB Bus Powered Configuration
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Figure 6.1 Bus Powered Configuration

Figure 6.1 Hlustrates 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 200mA.

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 # MI10805K400R-
10.

Note: If using PWREN# (available using the CBUS) the pin should be pulled to VCCIO using a
10kQ2 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 —

) A self-powered device should not force current down the USB bus when the USB host or

hub controller is powered down.

ii) 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

selfpowered USB hub.

The power descriptor in the internal EEPROM of the FT232R should be programmed to a value of

zero (self-powered).

n 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 1.5kQ 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.
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Figure 6.2 illustrates a self-powered design which has a +4V to +5.25V supply.

Note:

1. When the FT232R is in reset, the UART interface 1/O pins are tri-stated. Input pins have
internal 200kQ 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 +4.0V to
5.25V.

3. When using external oscillator the VCC supply voltage range must be +3.3V to 5.25V
Any design which interfaces to +3.3 V or +1.8V would be having a +3.3V or +1.8V supply
to VCCIO.

6.3 USB Bus Powered with Power Switching Configuration

P-Channel Power

MOSFET )
= Switched 5V Power
N " To External Logic
Yoayel . oyl
Soft Start
1 Circuit
1K
a2
| Ferrite Bead |5y vcc o et
e F vcc
E(I 2 RXD |—m—
USEDM
3 RTS# p————
USBDP
VCCIO DTR#
. FT232R
‘ 5 18 DSR#
— RESET#
DCD# f—
SHIELD > -1 S S——— 5V VCC
— oscl
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- 0SCO
5V VCC cBUS1 oo 10K
3V30UT CBUS2
100nF | 47uF |, n * caues | PWREN#
¢ c4g @ E
e N NN - .
EoonF D DD P
{7 GND
GND
V oo

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.
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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

0.1uF

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)
i)

iv)

v)

6.4

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.
Set the Pull-down on Suspend option in the internal FT232R EEPROM.

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.

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.

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.

USB Bus Powered with Selectable External Logic Supply
3.3Vor5v
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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 3V30OUT 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.

ii) 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 1/O pins
driving out at between +1.8V and +2.8V logic levels.

Copyright © Future Technology Devices International Limited 42



E7 FT232R USB UART IC Datasheet
FTDI Verasig: 2?:?6

\\ C h .
= Ip Document No.: FT_000053 Clearance No.: FTDI# 38

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. A Low Drop Out (LDO) regulator should be selected. ii) 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/Telecom
(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 USBto 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 MAX213CAl 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 MAX3245CAlI 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 Converter
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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 120Q 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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7.3 USB to RS422 Converter
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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 1/0 pin of the MCU.

7.5 LED Interface

Any of the CBUS 1/O 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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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 tristate 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
—
Lep |
AV
270R
FT232R
CBUSJO...4] TX&RXLED#

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.

7.6 Using the External Oscillator
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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, FT_PROG. The EEPROM
can only be reconfigured from a custom application. Please refer to the following applications
note on how to do this:

AN_100 _Using_The FT232_245R_With_External_Osc

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.

. Enabling this option will make the device pull
PuIIS(S)\évr;L/SeF;]lgs ) Disabled down on the UART interface lines when in USB
P suspend 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.
. Note: The device is a USB 2.0 Full Speed device
USB Version G (12Mb/s) as opposed to a USB 2.0 High Speed
device (480Mb/s).
Remote Wake Up Enabled Taking RI# low will wak_e up the l_JSB host
controller from suspend in approximately 20 ms.
. . Enables the high drive level on the UART and
High Current 1/Os Disabled CBUS I/O pins.
Load VCP Driver Enabled Makes the _dewce load the VVCP driver interface
for the device.
CBUSO TXLED# D(_efault configuration of CBUSO — Transmit LED
drive.
CBUS1 RXLED# Default configuration of CBUS1 — Receive LED
drive.
CBUS? TXDEN Default configuration of CBUS2 — Transmit data

enable for RS485
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Default configuration of CBUS3 — Power enable.

CBUS3 PWREN# Low after USB enumeration, high during USB

suspend mode.

CBUS4 SLEEP# Bgfgusllz;;::ég;rjézn of CBUS4 — Low during
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 FT_PROG. FT_PROG 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.

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 9.3.
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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=-A where XX = 2 digit week number, YY = 2 digit year number, A
= single letter corresponding to the revision of the device (e.g. A or B or C).

The code XXXXXXXXXXXX is the manufacturing LOT code. This only applies to devices

manufactured after April 2009.
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9.2 QFN-32 Package Dimensions

[ZTese]c (S]ecelc]
< ol ]
0, 9 12 | B SEATING PLANE
32 I _A
' ' SYMBOL | MIN NOM | MAX
1 i I TOTAL THICKNESS A 0.8 0.85 0.9
ETAND OFF Al 0 0.035 | 0.05
71._ = MOLD THICKNESS A2 — 0.65 0.67
E— — L/F THICKNESS A3 0.203 REF
LEAD WIDTH b 02 | 025 0.3
[ x ) 5 BSC
| Y ' XX-A — @ BODY SIZE [ = e
XXXXXXX LEAD PITCH e 0.5 BSC
[ x J 3.2 3.3 3.4
p
[F 28 | K 3.2 3.3 3.4
LEAD LENGTH L 0.35 0.4 0.45
PACKAGE EDGE_TOLERANCE coa 0.1
MOLD FLATNESS bbb 0.1
| COPLANARITY cee 0.08
i LEAD OFFSET | ddd 0.1
| EXPOSED PAD OFFSET eee 0.1
} ]
{S]oaa[c]
TOP VIEW
J
[@]eee[C[A[8] PN
25 \ 32
Juuuluuu Ty
| 1.0 COPLANARITY APPLIES TO LEADS, CORNER LEADS AND DE
24 | i ATTACH PAI
D | b=
> ' =71
| /2
; | (]
« P =i
(IEEng :—‘—'—'“I*'—-—" s \é
17D l gs
‘ N0 ﬂJ 0 O (N
EXPOSED. DIE
32X L —~| —-— "‘ |" ATTACH PAD
«19 m [c[Ale)

BOT’!OV Y]EW
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-A where XX = 2 digit week number, YY = 2 digit year number, A
= single letter corresponding to the revision of the device (e.g. A or B or C).

The code XXXXXXX is the manufacturing LOT code. This only applies to devices manufactured
after April 2009.
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9.3 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 9.3.

A
|
|
|
|
{
|

Critical Zone: when
Ramp Up Tis |$t|t1:{ange
L P

—

Ramp
Down

Temperature, T (Degrees C)

&
1
Preheat
25

¥ _T=25CtoTp Wl Wa\ o™
Time, t (seconds) —»

Figure 9.3 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).

Pb Free
Profile Feature Solder Non-Pb Free Solder Process
Process
Average Ramp Up Rate (Tfl_t()) 3°C / second Max. 3°C / Second Max.
p
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Preheat
- Temperature Min (Ts Min.)
- Temperature Max (Ts Max.)
- Time (ts Min to ts Max)

150°C
200°C

60 to 120 seconds

100°C
150°C

60 to 120 seconds

Time Maintained Above Critical

Temperature Tv:

- Temperature (TL)
- Time (tL)

217°C

60 to 150 seconds

183°C

60 to 150 seconds

Peak Temperature (Tp)

260°C

240°C

Time within 5°C of actual Peak

Temperature (tp)

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, Tp

8 minutes Max.

6 minutes Max.

Table 9.1 Reflow Profile Parameter Values
10 Alternative Parts

The following lists of parts are not all direct drop in replacements but offer similar features as an
alternative to the FT232R. The FT-X series is the latest device family offering reduced power and
pin count with additional features such as battery charge detection, while the Hi-Speed solution

offers faster interfacing.

FT232R | FT234XD FT230X FT231X FT232H
ingl : :
chaﬁrﬁ? BSB Single channel | Single channel
Single channel | Single channel| USB to UART | USB to UART
Description | © _‘tJhAfRIT USB to Basic | USB toBasic |  with full with full
with 1 UART UART modem control | modem control
modem . .
. lines lines
control lines
USB Speed USB 2.0 full | USB 2.0 full USB 2.0 full USB 2.0 full U_SB 2.0
speed speed speed speed hispeed
UART Data | 5 \igawd | 3MBaud 3 MBaud 3MBaud | 12 MBaud
Rates
CBUS 5 1 4 4 10
MTP for
storing Internal Internal Internal Internal External
descriptors
55
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Package 32 pin QFN 12 pin DFN 16 pin QFN 20 pin QFN 48 pin QFN
options 28 pin SSOP| (3mm x 3mm) | 16 pin SSOP | 20 pin SSOP | 48 pin LQFP
Datasheet FT232R FT234XD FT230X FT231X FT232H
Table 10.1 FT232R alternative solutions
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Web Site
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Distributor and Sales Representatives

Please visit the Sales Network page of the ETDI Web site for the contact details of our
distributor(s) and sales representative(s) in your country.

System and equipment manufacturers and designers are responsible to ensure that their systems, and any Future Technology Devices International Ltd
(FTDI) devices incorporated in their systems, meet all applicable safety, regulatory and system-level performance requirements. All application-related
information in this document (including application descriptions, suggested FTDI devices and other materials) is provided for reference only. While FTDI
has taken care to assure it is accurate, this information is subject to customer confirmation, and FTDI disclaims all liability for system designs and for any
applications assistance provided by FTDI. Use of FTDI devices in life support and/or safety applications is entirely at the user’s risk, and the user agrees
to defend, indemnify and hold harmless FTDI from any and all damages, claims, suits or expense resulting from such use. This document is subject to
change without notice. No freedom to use patents or other intellectual property rights is implied by the publication of this document. Neither the whole
nor any part of the information contained in, or the product described in this document, may be adapted or reproduced in any material or electronic form
without the prior written consent of the copyright holder. 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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Terms Description
EEPROM Electrically Erasable Programmable Read-Only Memory
FPGA Field Programmable Gate Array
LED Light Emitting Diode
MCU Micro Controller Unit
PLD Programmable Logic Device
QFN Quad Flat No-leads
RoHS Restriction of Hazardous Substances Directive
SIE Serial Interface Engine
UART Universal Asynchronous Receiver/Transmitter
USB Universal Serial Bus
VCP Virtual Communication Port
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Appendix C — Revision History
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Title:
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FT232R USB UART IC Datasheet
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FTDI# 38

Product Page: http://www.ftdichip.com/FTProducts.htm

Document Send Feedback
Feedback:
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Version y August
0.90 Initial Release 2005
Version . October
0.96 Revised Pre-release datasheet 2005
Version December
1.00 Full Datasheet Release 2005
Version i €2 December
102 Minor revisions to datasheet 2005
Version [Manufacturer ID added to default EEPROM| January
1.03  [configuration; Buffer sizes added 2006
\Version QFN-32 Pad layout and solder paste January
1.04 diagrams added 2006
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notes for 3.3V operation; Part numbers,
TID; added UART and CBUS
Vgr(s)gm characteristics for +1.8V; June 2008
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Corrected the input switching threshold and
input hysteresis values for VCCIO=5V
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Version [Improved graphics on some Figures. August
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' Added 3V3 regulator output tolerance.
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headed “Using an
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General Purpose Transistors
NPN Silicon

Features

* Pb—Free Packages are Available*

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage \VCBO 60 Vdc
Emitter-Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation PD

@ Ta=25°C 625 mw

Derate above 25°C 5.0 mw/eC
Total Device Dissipation PD

@ Tc=25°C 15 W

Derate above 25°C 12 mwW/°C
Operating and Storage Junction T3, Tstg | -55t0 °C
Temperature Range +150

THERMAL CHARACTERISTICS (Note 1)

Characteristic Symbol Max Unit
Thermal Resistance, RJiA 200 °C/W
Junction—to—Ambient
Thermal Resistance, Junction—-to—Case RJic 83.3 °C/W.

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional
operation above the Recommended Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

1. Indicates Data in addition to JEDEC Requirements.
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*For additional information on our Pb—Free strategy and soldering details, please download the ON Semiconductor
Soldering and Mounting Techniques Reference Manual, SOLDERRM/D.

ON Semiconductor®

http://onsemi.com

COLLECTOR
3
2
BASE
1
EMITTER

TO-92
CASE 29
STYLE 1
1
1 2
23 3

STRAIGHT LEAD BENT LEAD
BULK PACK TAPE & REEL
AMMO PACK

MARKING DIAGRAMS

- ~N
2N

390x
YWW

G

X =3or4
Y = Year
WW = Work Week

= Pb—-Free Package
(Note: Microdot may be in either location)

4

ORDERING INFORMATION

See detailed ordering and shipping information in the package dimensions section on page 3 of this data sheet.
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© Semiconductor Components Industries, LLC, 2012 1 Publication Order Number:
August, 2012 - Rev. 8 2N3903/D ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Note 2) (Ic = 1.0 mAdc, IB = 0) V(BR)CEO 40 - Vdc
Collector-Base Breakdown Voltage (Ic = 10 Adc, I = 0) V(BR)CBO 60 - Vdc
Emitter—-Base Breakdown Voltage (I = 10 Adc, IC = 0) V(BR)EBO 6.0 - Vdc
Base Cutoff Current (Vce = 30 Vdc, Ves = 3.0 Vdc) IBL - 50 nAdc
Collector Cutoff Current (Vce = 30 Vdc, VEB = 3.0 Vdc) ICEX - 50 nAdc
ON CHARACTERISTICS
DC Current Gain (Note 2) hre -
(Ic =0.1 mAdc, Vce = 1.0 Vdc) 2N3903 20 -

2N3904 40 -
(Ic = 1.0 mAdc, Vce = 1.0 Vdc) 2N3903 35 -

2N3904 70 -
(Ic =10 mAdc, VcE = 1.0 Vdc) 2N3903 50 150

2N3904 100 300
(Ic =50 mAdc, Vce = 1.0 Vdc) 2N3903 30 -

2N3904 60 -
(Ic =100 mAdc, Vce = 1.0 Vdc) 2N3903 15 -

2N3904 30 -
Collector-Emitter Saturation Voltage (Note 2) \/CE(sat) Vdc
(Ic =10 mAdc, Is = 1.0 mAdc) Y 0.2
(Ic =50 mAdc, Is =5.0 mAdc A 0.3
Base—Emitter Saturation VVoltage (Note 2) VBE(sat) Vdc
(Ic =10 mAdc, Is = 1.0 mAdc) 0.65 0.85
(Ic = 50 mAdc, I = 5.0 mAdc) — 0.95

SMALL-SIGNAL CHARACTERISTICS

Current-Gain - Bandwidth Product fT MHz
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz)

2N3903 250 -
2N3904 300 -
Output Capacitance (Vcs = 5.0 Vdc, Ie = 0, f = 1.0 MHz) Cobo 7 4.0 pF
Input Capacitance (Ves = 0.5 Vdc, Ic =0, f = 1.0 MHz) Cibo - 8.0 pF
Input Impedance hie k
(Ic = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N3903 1.0 8.0
2N3904 1.0 10
Voltage Feedback Ratio hre X 1074
(Ic = 1.0 mAdc, Vce =10 Vdc, f = 1.0 kHz) 2N3903 01 5.0
2N3904 0.5 8.0
Small-Signal Current Gain hfe -
(lc =1.0 mAdc, Vce =10 Vdc, f=1.0 kHz) JN3903 50 200
2N3904 100 400
Output Admittance (Ic = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) hoe 1.0 40 mhos
Noise Figure NF dB
(|C =100 AdC, Vce=5.0 VdC, Rs=1.0k , f=1.0 kHZ) 2N3903 - 6.0
2N3904 - 5.0
SWITCHING CHARACTERISTICS
Delay Time td - 35 ns
(Vec = 3.0 Vvdc, VBe = 0.5 Vdc,
Rise Time Ic =10 mAdc, Ie1 = 1.0 mAdc) tr = 35 ns

http:ffonsemi.com

11



2N3903, 2N3904

Storage Time (Vee = 3.0 Vdc, Ic = 10 mAde, 2N3903 ts - 175 ns
I1 = IB2 = 1.0 mAdc) 2N3904 - 200

Fall Time tf - 50 ns

2. Pulse Test: Pulse Width 300 s; Duty Cycle 2%.

ORDERING INFORMATION

Device Package ShippingT
2N3903RLRM TO-92 2000 / Ammo Pack
2N3904 TO-92 5000 Units / Bulk
2N3904G TO-92 5000 Units / Bulk
(Pb-Free)

2N3904RLRA TO-92 2000/ Tape & Reel

2N3904RLRAG TO-92 2000/ Tape & Reel
(Pb-Free)

2N3904RLRM TO-92 2000 / Ammo Pack

2N3904RLRMG TO-92 2000 / Ammo Pack
(Pb-Free)

2N3904RLRP TO-92 2000 / Ammo Pack

2N3904RLRPG TO-92 2000 / Ammo Pack
(Pb—Free)

2N3904RL1G TO-92 2000/ Tape & Reel
(Pb=Free)

2N3904ZL1 TO-92 2000 / Ammo Pack

2N3904ZL1G TO-92 2000 / Ammo Pack
(Pb—Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

+3V
DUTY CYCLE = 2%

— l—

— +10.9v

[ )

osv— \:qns

275

Cs< 4 pF*

* Total shunt capacitance of test jig and connectors 300 ns

http://onsemi.com
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2N3903, 2N3904
Figure 1. Delay and Rise Time Equivalent Test Circuit
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* Total shunt capacitance of test jig and connectors
Figure 2. Storage and Fall Time Equivalent Test Circuit
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2N3903, 2N3904

Figure 5. Turn—0n Time

Figure 6. Rise Time
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TYPICAL AUDIO SMALL=SIGNAL CHARACTERISTICS NOISE FIGURE VARIATIONS
(Veg = 5.0 Vdc, Ty = 25°C, Bandwidth = 1.0 Hz)
12 T T T T T T T 1717 I4_r‘| T '__HH 7 /J /
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Figure 9. Figure 10.
h PARAMETERS
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Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT

)

Figure 11. Current Gain ° (mA) Figure 12. Output
& - Admittance
s 20 _ X 10
T N @ \\
e E 7.0
x 10 g
§ X 50 AN
w >~ @ 30 /
o u /
= 2.0 I \ /
= - N w 2.0 AN /
z N o —
N
z 10 SSE = Nl
o Q 10
= 05 R
[0)
= 0.7
0.2 0.5
0.1 0.2 03 05 1.0 20 3.0 50 10 0.1 0.2 03 05 1.0 20 3.0 5.0 10
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
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g‘ 2.0 — B —
% Ty= +12%C Vee= 1.0 V]
Z ’——'/ \\
Z 10 = +25C ———
< et et N
O 0.7 — N
E "] -55C \\\
2 0o — ~ SN
— ~
% 0.3 4//’ \‘
O T N
NN \\
8 — NN
0.2 N
: S\
o \
0.1 AN
0.1 0.2 0.3 05 07 10 20 3.0 50 7.0 10 20 30 50 70 100 200
@» Ic, COLLECTOR CURRENT (mA)
|_
| . .
9 Figure 15. DC Current Gain
3
g 10 FTT1
i Ty=25C |
)
>
0.8
K Ic=1.0 mA 10mA 30mA 100mA
= o6 \ \
o | \
o \ \!
S \
o 04 \ ~—
= \ =
3 < s
- 0.2 \\- \\ﬁ_
>O 0
0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 05 0.7 1.0 2.0 3.0 50 7.0 10

le, BASE CURRENT (mA)

http://onsemi.com

15



2N3903, 2N3904

Figure 16. Collector Saturation Region
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MECHANICAL CASE OUTLINE
PACKAGE DIMENSIONS

TO-92 (TO-226)

ON Semiconductor®

CASE 29-11
SCALE 1:1 ISSUE AM
DATE 09 MAR 2007
1
12 2
3 3 STRAIGHT LEAD 1. DIMENSIONING AND TOLERANCING
BULK PACK PER ANSI Y14.5M, 1982.
STRAIGHT LEAD BENT LEAD 2. CONTROLLING DIMENSION: INCH.
BULK PACK TAPE & REEL 3. CONTOUR OF PACKAGE BEYOND
DIMENSION R IS UNCONTROLLED.
AMMO PACK 4. LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K
MINIMUM.
NOTES:
v -
R
SEATIN , INCHES MILLIMETERS
PLANE DIM| MIN | MAX| MIN | MAX
A | 0175]| 0.205| 4.45 | 5.20
B | 0.170] 0.210| 4.32 | 5.33
D C | 0125]| 0.165| 3.18 | 4.19
D | 0016 0.021| 0.407 | 0.533
@ ] G | 0.045[ 0.055| 1.15 | 1.39
H | 0.095] 0.105| 242 | 2.66
J | 0.015[ 0020 039 | 050
K | 0.500 12.70
L | 0250 - | 635
SECTION N | 0.080| 0.105| 2.04 | 2.66
P — [ 0100] - 2.54
X_X R |0.115 2.93
v | 0135 3.43
NOTES:
R —ﬁ A ‘4— B
N BENT LEAD 1. DIMENSIONING AND
et — TOLERANCING PER ASME Y14.5M,
TAPE & REEL 1904,
AMMO PACK 2. CONTROLLING DIMENSION:
P MILLIMETERS.
— A" TN 3. CONTOUR OF PACKAGE BEYOND
DIMENSION R IS UNCONTROLLED.
SEATIN K 4. LEAD DIMENSION IS
PLANE
UNCONTROLLED IN P AND
BEYOND DIMENSION K MINIMUM.
X$ MILLIMETERS
G ‘ DIM| MIN | MAX
A 445 | 520
—ﬂ r— . B 432 | 533
i ¢ 318 | 4.19
lE D 040 | 054
N _y G | 240 280
J 0.39 | 050
K | 12.70
N 2.04 | 266
( P 1.50 | 4.00
R 2.93
\ 3.43

SECTION X-X
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