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Title A PROTOTYPE DEVELOPMENT OF VISIBLELIGHT SYSTEM
FOR OPTICAL INDOOR COMMUNICATION
Student Mr.Pokpoom Chanthosot

Miss.Preeyanuch Sukmanee

Mr.Pitak Kitthana
Degree Bachelor of Science
Major Program Physics
Academic Year 2013
Advisor Miss. Tanaporn Leclawattananon
Abstract

White LED (Light Emitting Diode) offers advantageous properties such as high
brightness, reliability, lower power consun;ption and long lifetime. White LEDs are expected to
serve in the next generation of lamps. We proposed an optical indoor wireless communication
system that used white LEDs like plug-in devices and demonstrated it experimentally. In the
proposed system, these devices are used not only for illuminating rooms but also for an optical
wireless communication system. In particular we focused on designing a prototype of VLC that
can be used with a different type of interface which can work with higher data transfer rates than
RS-232 interface, namely Universal Serial Bus (USB). We show a data transmission rate
without errors in the received data for several distances by using two types of receiver,
VBPW24R Photodiodeand FDS10x10 Photodiode. The half angle of the transmitter is

determined by the illuminant distribution plot.

Keywords :Visible Light Communication
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(Fundamental Characteristics of Data Communications)
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711 2.8. uarnsdnumzuos TW 1A 1A Toa (Photo Diode)

L J L Eal
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2.6 dwnesa E1A-232v30 RS-232
a & A [ A o a o
wasgudwmaesianilaiddgyfoEa22iwaur Tasauinudnanginsal
ad a d | . oy a 4 - o o & '
21aNNIBUNT (Electronic Industries Association: EIA) Huduwmedianlddmiumsouds
4 1A
Qﬂﬂﬁﬂf DTE(data terminal equipment ) laEDCE (data circuit terminating equipment) ¥34ALAY

1é5in15 149050031 RS-232 (Recommended Standard) #a31/#1 2.10



12

319 2.10 uAAANYU VDY EIA-232 130 RS-232

2.6.1 guinpawidyveImduneswla E1A-232 #ie RS-232
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1. fofmuamana lnishudismunmuearidn E1a-2327 1ideude

2. Fofmuama ihududesmuaiifoadesiusvazidoavesdayga i
iFoaveedyaausznilegilnisl DTE #30 DCE ﬁmqmﬁ%‘maaﬁ‘l%’%ﬁﬁﬂﬁwm1’35
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A1319% 2.1 HEAA9TIWAIDIAYDITYYIUAINNINTTIUYDI RS-232 (DBY)

CIRCUIT ( EIA signal name ) DB9 pin # SIGNAL NAME
AB 5 Signal Ground
BA 3 Transmitted Data
BB 2 Received Data
CA 7 Request to Send
CB 8 Clear to Send
CC 6 DCE Ready
CD 4 Data Terminal Ready (DTE Ready)
CE 9 Ring Indicator
CF 1 Carrier Detect




13

NI 2.1 iumeaziden1esdnyy e mMuNInsgIL RS-232 Tagee

1 ;’.' o o’ o s g
na 'I’Jgﬂalluﬁﬂl.lﬂﬁﬂ'lﬂ']uﬂlﬂil“ﬁﬂiﬂﬂ‘l"i ﬂﬂ‘]ﬂ\iﬁ

Pin 1 JDcD | R8232 Pinout (9 Pin Male)
Pin2 [RXD Pinl  Pigd

[Pin 3 | TXD _
ou..p;
3Y)
Pin 7 |RTS | '

Pind | DTR_
Pia 8 | GND
Pin B €TS8 Ping  Pin?
Pin 9 [RI

Pin 6 | DSR

JUM 2.1 naaeswozBEAYeIdYY U RS2321(PIN) 6149

1. MonIIA
03An AB (pin 5) 1 Signal Ground 3¢n319gilnsel DTE uag DCE #9010
158077 Protective Ground ﬁahm’]mﬁ'ums “‘i‘fﬂﬂﬂ']»‘lvl.ﬂﬂ’l (Electric Shock)
2. minieTeudioya (Data Transfer)
1¥037A BA(pin 3)/Transmitied Data ifudgyanailddmivmsdadoyantn
gunsai DTE lulfsgunsal DCETasaauzmsasineziiswiiy 1 dolifinsdedoya
0357 BB(pin 2)/Received Data iiudqyaaiilddmsvsudoyaninginsal DCE
TW§ginsal DTE Taosauzmeanineziiswisunde biimsdstoya
3. M3aouIANY (Handshaking)
|9 57iA CA (pin 7)/Request to Send iudgyanaunngiinsdinnglnsed DTE #
da'laldaginsel DCE aﬁa“lﬁ'%’ui"hm%’unw%’amsﬁ"sﬁﬁxth%;gan“ﬁqﬁ’tyﬁgmf‘:ﬂﬂ%'\ﬂumu@:

fMurosna CB

[
S 1

18370 CB(pin 8)/Clear to Send g aneusunngilnsel DCE Adslviy
ginsel DTE Tmiewsudeyaingilnsel DTE uda
4. manugy (Fdmsuniugu Tudu)wesia CC (pin 6)/ DCE Readysiiudaygnos

vingilnsal DCE Huendudhe

=
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gUnsel DCE agluanuzwiouiizdedoya lfulaemanldhmsdoudendnde Ty
4 T ar 1 lé y i 1 ] 5
wiinsadumsidoudeny TuAusze Tnavesdndhaniluiedwudeyassn e
19370 CF(pin 1)/Carrier Detect Huday@naningnsel DCE lildsgnsal DTE 111d5ums

[ ) o A P
aouFudgyanuanglnsainiglnavesdnilaniiands
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(593579 CD (pin 4)/Data Terminal Ready (DTE Ready) iudayananingilnsal DTE 1o

[ ]
S 1 9 =)

9 o oo o A ddo g '
lLﬁ’Jﬁ]%‘n'N']‘HTﬂtl RS-232 Lﬂu@ﬂﬂimﬂlﬁﬂﬂﬁﬂuﬂﬁ'ﬂﬂ']ﬂu"i ﬁﬁﬂiﬂgﬂﬁﬂﬂ'ﬁiﬁﬁ’ﬂﬂ DTE
é - ﬂy o a 1 = y
1Az DCE aN03noynsuveenouiimes i13oe5usasnsdeinng 115,200 bps Tumsiears
4 ' £Y g 1o a
uuveynsy Taonwesaeynsy RS-232C sramsanea1s 18812 50 W Tastuegiusiaves
a ) o o
TIYAYYIW, FTUSNN, ﬂiiﬂﬂl e iUuiUuﬁllilJﬂ'JuIﬂﬂWﬂ{WﬂHﬂﬁiﬁlﬂﬁ PC %SL‘ﬂUﬂ'ﬂULuﬂ
o o 9 ar a 1 o a =
19031 DBY faf (Male) Aa31lf1 2.12 daunesmeynsuvesgilnsaimeusnsziiiuneuria

IMB3LUY DBY AIiiY (FeMale) g3/ 2.13

3 TXD 4 TXD 3
2 FxD« *BxD 2
f RTS RTS 7
8 CTS+ P15 B
4 DTR= DTR 4
E DSR *DSR B
5 GND = LARE-D

y v ar A o
51l 2.12 nemsmisiFeudegnsainousndinunenfiuaesAaud e DBY

A PN
2 FxD w4 5 »RxD 2
£ AES= -><‘ RTS~¥.
g8 CTS = =TS 8
4 DTR= ~>< -DTF 4
6 DSHe— +[SH B
5 GND === GND 5

517 2.13 uanamsaeginsainiousnku DBY 1uw 3 1y

2.7 Universal Serial Bus (USB)
o ' o ar 2 ' ' = o o <
usB daufluanasgiulnsidmsumsisendesznitneuiiuaesiu luauuas
oA J = o ar 4 9 =]
ginsaiduq Tagezwudineunumes luilegiussnuinnosauiasgiu USB i1
o 3y Ao A Tow a o 1 1 4 AL
aUnsalseudhemimndeudeduneuiianosduIngwesa USB ununedu usB dlu
da o P 9 o Y | J o 9 =l L v 9q ¥
ginseidumesmanlddmsudounegnsainainanuazalnuazanudanguaeg 149u

e
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17 2.14 na@IanYUL YDA Universal Serial Bus (USB)

dwmsudoidoves USB Aenissudadeyaiinnuiadilas USB nesdu 1.1 9edl

] ' v = 4 o d " &
ﬂ’J"IEJL‘i’Jﬂl‘l.lﬂ"l‘iﬂ’lﬂiﬂu‘ﬂﬂiallﬂmﬂﬁ 12 Mbps Lmi‘]wuu USB 1183%U 2.0 (Hi-Speed USB) %4

e Ty Yt a [~ v 9 g =4 vt
WhunesFulndlaimsitauinnudilunisdisToudeyagiiulasanuiagagaeginaso

o 1 @ ol a o 1 1 T
Mbp tazianslFnuswiuglnsaindludwaesmle use JumanmisaluntsaeToudoya

1 ar 1 A = 1 o
ﬁ%zmmu 12 Mbps # USB 2.0 mwmmﬁ’;ﬁa 480 Mbps ’GT'JHﬂ"IEliN’d'IULﬂL‘].Iﬂ USB 9%

as :Vd'

Usznoudrsmodygraudiuiu 4 1du Tas¥edddu I ludygraudasidussiivdm
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1. GND A9e18n13179

v
- 1 o @

2. VBUS flemednanandamias Infhaua s Thadlildsgunsal
3. D+ Aomwdadeyadyannuan (Positive) Miimsidhs ey NRZ-L

o

4. D-femodetioyadyanany (Negative) HiinsdisWauny NRZ-L wiouduiimua
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szoziavesdggraatiioaanisunsauaevesdygiusuniuuazderianain

& )
2.8 WU MUY aNaT A M
2.8.1 doya
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siadunumsnysawilsTuiinmaou Inad lunsdadeyasinganisa ludadnganii
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2.9.3 Yeyaupuzdeniaz T RNMIeARN
< o o a ~ '
doyausuzdenuaz dygaueuzaonagli 2.150samisagnsuniuladienn
w e =y @ w o 1 9
YaMsUAY (Noise) MIndidggrasunIulslumiudygnaueusasnudissdwali
msaeeyadasasildmswunvisdadygausuniusennndeyaduntiui 1unds

J1U# 2.16

-
.-

Laa i e ) e

Y 1 Timg —e

r.i o 1 A o o
717 2.15 uaasisgenaudyaaueuzaon



17

ML -t o<

§ o =1 4 1 o
517 2.16 uansdyanaueuzdenignuaurmusEH IRy AL T YR IMTUNI

s s

Lﬁaﬂtgnnmuau“aaﬂﬂﬂmuuswﬂmuﬂ'lnaﬂan'lﬂi AUTYYIMITYNAANDUAY

L U

¥ '
ﬁaﬁuﬁaﬁmhqﬂﬂsmmsUﬂ’mmuwa'lﬂnaawenﬂuqﬂnsm"‘lu msiiuidenionnud i

or

daanui liawsedsdyanaluszoznei lnasen luuamsmiumdsvesdyaaveuoy
- 1 s q‘ J
na Ivloeszdanalidanasunauanominiuday
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¢SS o oA Ny a ﬂ VAo @ 4
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2. AU (Frequency)
49 [a) 4 o = e 4 A0 | A N v
HUDITATINTVUAVIRAUTURaYUSWunTau Y 1 i lasanudiuez 1y
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Bit rate: 10 Bad e 3
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Paralel Data Input
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itazurans unmail ga furikakarou to mo kowadrs yashinai!

nozoparary &4su ga sonc saki nl aru to

atama no okuw de dare mo ga kizuite lru hazuss
barewatara hibi ni arasci no dougu ga

kiesaru toki wo itsuke kimi nl misetal ne

kizutsuke av no wo yamenal ochite yuku sekal dakedo
Eim: n1 desots kotc dske de mom nani mo kowaku ha nal

tatoe kono karads gs ikura moetsukitemo i1 s& Ximi ni sasagu nara
oczora he to boku ha masshiro ni maiagari mamctte ageru!

Tiamend
L

Fe 301 0 et St e 1971 bl s

51J1n 3.911)51n 51 Terminalv1.9b almawsmﬂiuﬁfgtywmmamﬂmuﬁwanamsﬂﬁuuﬁ"a
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9. tufinA1ueai 811N, field of view (FOV) g Data rate A mniigalums
Fudadoynlaelifinnuianaia

10. 1ieVPhotodiode 1 iiyu FOVAd M fiaunsasuasdedamnavesTuiaa
Fuuvy (VLOwazimanesided 6-9

i 8 'nﬂszuzﬂ';mqa1|mmi%'mmzdaﬁ'funymmﬂ%az10 cm WAAszoEANNY
20 em. ufrSanszezanugIveIMsfunazdidaanuadliindendiar 5 cm. unzidou
Photodiode 19l Half anglefifuimila 0° p3mm wazimsnaaesiludeis-10

12. naaeeTneld Photodiode ¥iIAFDS10x10 luasesniafudaysia fagii 3.10 uaz

o "
mmsnaasei ludend-11

317 3.10 naAsANYMUTYBIPhotodiode ¥1iA FDS10x10

3.3 Jupeuauiiumsnaseaazilsufiuanuannsalumsaesa iy (FOV)
' A v Y )
AIUAz NS TAUAING AT V092903 NINFITQR IVl IARANILL (VLC)
1. Anderansmadadgyana luuunns laeldsesmndsdyanaegimuudagi

3.1
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; Y > 4
317 3.11 Andiarsvsmadedyanm Iuiwiag

2. weudnvIMAsdyanaudfuflenduuemmes ez 3.12

- A 1 T ow 9 & 4
Eﬂ'ﬂ 3:12 ﬂ’]'il"ﬁflﬂF"Iﬂ.ﬂ'lﬂﬁﬂﬁfgﬂ]u'lmlﬂll'Iﬂﬂﬁﬁﬂﬂfumuluﬂﬁmﬂi
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3. Samanudesaafiyuae veesnARed Yy (HluminationTransmission) IAY
19 Lux meterdiag1it 3.13 ludumiisasqfannsasvuazdedyanauves naduuuy

(VLO)

rowem Lux're

PEAK HOLD

319 3.13 Lux Meter

4. 1% Lux meter AN NUEDIA 1NN V092995 MATIT Yy I
(INluminationTransmission)N 1A n@ WM (XY )nquagiuiinang (FOV)N Idaindumis

: P A
(X,Y) A9 Tavazifufissozaaua 210,190,170,150,130,110,90,70,50,40,3020,15,5 cm.



UNN 4

= W =
wan1sIveuazenUsena

gﬁ'aﬁ‘umsﬂ@mmmwaﬂWﬂﬁ'UéTaJmuwmuazaaﬂsmﬂffeﬁagfgwmsf]uﬁﬁw%’amsﬁ’a i
MIMINATOUANUEINITOA AT Taofimansduiinandad

4.1 wanvuazsziiuanuasomadiuanui lumsdatoya (data rates) 1o
TuiiinuAANATIA (errors) 199 VBPW24R Photodiode 11AZFDS10x10 Photodiode 521131
A9 YD IITMIATIT Yy 19

4.2 mﬂaamazﬂimﬁummmmsaclumsﬁaaﬁinﬁyu (fieldof view) A7 Az

TEAUANNTIANA VDI MAEI Ty Inved Tumaduuuy (VLC )

4.1 naaeaazlsziuaNuaINIoMInun IS Numsaatoya(data rates iy
Tusinnufianaia (errors) Y99 VBPW24R Photodiode 1182 FDS10x10Photodiode
1'?';5zé’fnﬂ:n‘uqwiwqmaaqammmfﬁagmgm

4.1.1 wanaaoauazliziiuanuannsanedwanuialunisdadoya (data rates)

uu hifAuAANAIA (errors) YDIVBPW24R  Photodiode  M15ALADIITIAINAYDI1493

MAa Ty

{ = a3 1
715197 4.1 wananeazlsziiuanuannsamamuauE lumsdedoya (data rates)

1Y BiANUHANEA (errors) YD VBPW24R Photodiode R34 50 cm., R=484 kO

FOV BAUD RATE FOV BAUD RATE

0 4800 - s
2.290610 4800 -2.290610 2400
3.237688 4800 -3.237688 2400
4.573921 4800 -4.573921 1200
5.111090 4200 -5.111090 300
6.454830 2400 -6.454830 0
7.209121 1200 -7.209121 0
6.842773 2400 -6.842773 0
8.206727 450 -8.206727 0




FOv

BAUD RATE

FOV

BAUD RATE

9.090277

0

-9.090277

0

~ = v ] L
131N 4.2 Wﬁﬂﬂﬂ@ﬁLlﬁzﬂizLNUﬂ?’lﬂJﬁ"ll]']iﬂﬂ'l\']ﬂ1llﬂ'J']lJL'i'Jrluﬂ”l'iﬂ\“quﬂQﬁ (data rates)

uuy luSinuAANAIA (crrors) Y99 VBPW24R Photodiode INI1NE4 40 em., R=356 kQ

FOV BAUD RATE FOV BAUD RATE
0 14400 = =
2.862405 14400 -2.862405 9600
4.044691 9600 -4.044691 7200
5.710593 9600 -5710593 1200
6.379370 7800 -6.379370 1800
8.049467 2400 -8.049467 0

= = Y] = W g
N1319N 4.3 Nﬁ1’]ﬂﬁ‘ENLlﬂzﬂﬁzlﬂuﬂfnwﬂ'}u-ﬁﬂﬂ‘mﬂ'}uﬂj'l'lJﬁ']Glun']flﬁ\']s‘]@Hﬁ (data rates)

uuy luiinuAaNa 1A (errors) Y89 VBPW24R Photodiode N1ANE 30 em. R=200 kQ

FOV BAUD RATE Fov BAUD RATE
0 28800 ? -
3.814075 28800 -3.814075 19600
5.385977 24200 -5.385977 9600
7.594643 4800 -7.594643 1200
8.478713 4200 -8.478713 0
10.67841 0 -10.67841 0

1 = =] '
Gl"l'iN“?l 4.4 Namaaaua:ﬂszmummmmsmmaﬁ'mmwmsﬂumsm*"{’fmga (data rates)

uuulafinNuAANAIA (errors) Y83 VBPW24R Photodiode A1ANEA 20 em., R=110 kQ

FOV BAUD RATE FOV BAUD RATE
0 57600 = =
5.710593 47550 -5.710593 9600
8.049467 35550 -8.049467 14400
11.30993 2400 -11.30993 0
12.60438 1200 -12.60438 0




~ =) = i
M3199 4.5 wanaasaazilszdfiuanuannsamaduaanmialunmsdedoyn (data rates)

nuu TIANUAANIA (errors) Y99 VBPW24R Photodiode 1RG4 15 em., R=65 kQ

44

FOV BAUD RATE FOV BAUD RATE
0 57600 = -
3.814075 57600 -3.814075 57600
5.385977 38400 -5.385977 29000

| a < 1
G]’lﬁ'N‘ﬁ 4.6 NamamuawIizmummmmﬁnmqﬁ’mmmmﬂumiﬁﬁﬂya (data rates)

i 135 NUAANAIA (errors) YOI VBPW24R Photodiode NTAIIMFI 10 cm. R=30.6 kO

FOV BAUD RATE FOV BAUD RATE
0 128000 -

8.04947 128000 -8.04947 121600

5.71059 0 -5.71059 0

i = =] '
MINAN 4.7 HanaaoduazllsziiuanuauTanIs AN lumsaaloya (data rates)

uuu luTinuAaNaIA (crrors) Y99 VBPW24R Photodiode 1AM 5 em., R=12 kQ

FOV BAUD RATE FOV BAUD RATE
0 256000 3 -
11.3099 28800 -11.3099 19200
15.7932 0 - -15.7932 0

= = 9
4.1.2 N‘ﬂ‘ﬂﬂamtmzﬂ'ﬁzmummmmmmﬁmmmrﬁ’ﬂumi?Nfumga (data rates)

upulufinuAanaIA (crrors) YDIFDS10x10 PhotodiodesEAUAMUFIAI1IUDINITAIAAT

GG

~ - Y = '
A1 4.8 Nﬂ‘ﬂﬂﬁ@QLLﬁXﬁJﬁmMHﬂTﬁJﬁTNﬁﬂ‘ﬂNﬂ"luﬂ’)’]m‘iﬁiuﬂ’]ﬁﬁ&%@llﬁﬁ (data rates)

uu 1TnuAANAIA (errors) ¥9929951 AT YYINVDI FDS10x10 PhotodiodeHiA1me

210 cm. ,R=484 k()

FOV BAUD RATE FOV BAUD RATE
0 1200 = -
1.363927532 1200 -1.363927532 1200
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FOV BAUD RATE FOV BAUD RATE
1.928520625 1200 -1.928520625 1200
2.72631099%4 1200 -2.726310994 1200
3.047533696 1200 -3.047533696 1200
3.852681365 1200 -3.852681365 1200
4.305808282 900 -4.305808282 1200
4.08561678 900 -4.08561678 1050
4.906610105 900 -4.906610105 900
5.440332031 600 -5.440332031 900
5.606714848 /| 600 -5.606714848 900
5.768181186 600 -5.768181186 900
6.077920619 300 -6.077920619 750
6.788974574 300 -6.788974574 450

] a =] [
M1319% 4.9 wanaasawazlszifivanumuisameadiuanuiialunisdatona (data rates)
nuu THANWAANAIA (errors) ¥0979957IAATYRINVBI FDS10x10 PhotodiodeNAm g

190 cm. ,R=484 k(2

FOV BAUD RATE FOV BAUD RATE
0 1200 . y
1.507435759 1200 -1.507435759 1200
2.13134448 1200 -2.13134448 1200
3.012787504 1200 -3.012787504 1200
3.367623452 1200 -3.367623452 1200
4.256806676 1200 -4.256806676 1200
4.757069595 1200 -4.757069595 1200
4.513988458 1200 -4.513988458 1200
5.420164707 1050 -5.420164707 1200
6.009005957 900 -6.009005957 1200
6.19252593 900 -6.19252593 1050
6.370601131 900 -6.370601131 900
6.712138565 750 -6.712138565 900
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FOV BAUD RATE EOV BAUD RATE
7.49585764 300 -7.49585764 750
8.467132095 300 -8.467132095 300

1 1= =4 1
f“’ni'Nlﬁ 4.10 Hawﬂﬁﬂquﬂgﬂiﬁllluﬂ'J'”Jﬁnkﬂ'ifwn\iﬁﬂlug]‘)"ﬁJﬁ'JclUﬂ’]iﬁQ%@Ha (data rates)

uunTUiANUHANAIA (errors) YDIIIVINIATIFYYINVDI FDST10x10 PhotodiodeNn11g9

170 cm., R=484 k(2

FOV BAUD RATE FOV BAUD RATE
0 2400 - =
1.684684 2400 -9.44623 2400
2.381817 2400 -8.36589 2400
3.366461 2400 -7.49329 2400
3.762736 2100 -7.11281 2400
4.755431 1800 -6.91437 1800
5.313689 1500 -6.70984 1800
5.042451 1200 -6.05334 1500
6.053343 1200 -5.31369 1200
6.709837 900 -5.04245 1200
6.914372 900 -4.75543 1050
7.112805 900 -3.76274 900
7.493293 900 -3.36646 900
8.365886 450 -2.38182 750
9.446233 300 -1.68468 300

A a o '
AT N 4.11 Na‘lf]ﬂﬁ@ﬁkmﬁﬂiﬁmuﬂ'J']‘}Jﬁn]'l'iﬂ‘l’l’]&ﬁ'li‘lﬂ?’lifli'ﬂuﬂﬁﬁﬁ%@iﬂﬁ (data rates)

nuuTuiaNuAANAIA (errors) YBIIIVINIATITYAYINVDY FDSI10x10 Photodiode NIINE

150 cm., R=385 k(2

FOV BAUD RATE FOv BAUD RATE
0 2400 = o
1.909152433 2400 -1.909152433 2400
2.698950909 2400 -2.698950909 2400




FOV BAUD RATE FOV BAUD RATE
3.814074834 2400 -3.814074834 2400
4.262693045 2100 -4.262693045 2400
5.385977099 1800 -5.385977099 1800
5.710593137 1500 -5.710593137 1800
6.017284864 1200 -6.017284864 1500
6.853224835 1200 -6.853224835 1200
7.594643369 900 -7.594643369 1200
7.825525625 900 -7.825525625 1050
8.049466976 900 -8.049466976 900
8.478713147 900 -8.478713147 900
9.462322208 450 -9.462322208 750
10.67841492 300 -10.67841492 300

4 = [~} 1
A19199 4.12 HanaaouazlsziunNUANTANIIAIUANWTI U ety a(data rates)
wuy liSANUAANAIA (errors) V991903 MAAITIR 1MUY FDS10x10 PhotodiodeN1ANNIA

130cm..R=280 k2

FOV BAUD RATE FOV BAUD RATE
0 4800 = 2
1.762391024 4800 -1.762391024 4800
2491611823 4800 -2.491611823 4800
3.521453377 3600 -3.521453377 4800
3.935866851 3600 -3.935866851 4800
4.973835334 ' 2400 -4.973835334 2400
5.557433917 2100 -5.557433917 2400
5.273895957 2400 -5.273895957 2100
6.330509401 1500 -6.330509401 1800
7.016501745 600 -7.016501745 1200
7.230192839 750 -7.230192839 900
7.437492753 600 -7.437492753 900
7.834934925 450 -7.834934925 750
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FOV BAUD RATE FOV BAUD RATE
8.746162263 0 -8.746162263 0
9.873815697 0 -9.873815697 0

- = =] 1
M1319N 4.13 wamamuazﬂizmummmmﬁﬂwwﬁmmwmsﬂumiﬂﬁaya (data rates)

uuy liANUAANAIA (errors) YDI995NIAAITRYRYIMVDI FDSI0x10 Photodiodeinugs

110 em., R=200 k{2

FOV BAUD RATE FOV BAUD RATE

0 9600 2 =
2.08256528 4800 -2.08256528 7200
2.943896419 4800 -2.943896419 7200
4.159642294 3600 -4.159642294 4800
4.648582565 3600 -4.648582565 4200
5.872330774 3000 -5.872330774 3000
6.559739205 2100 -6.559739205 3600
6.2258290064 . 1200 -6.2258290064 2100
7.469498416 1200 -7.469498416 1200
8.275892827 1200 -8.275892827 1200
8.526905525 600 -8.526905525 900
8.770322786 1200 -8.770322786 0
9.236759%197 300 =9"236759 9% 0
10.30484647 0 -10.30484647 0
11.62381883 0 -11.62381883 0

= a g ]
f1319N 4.14 Nm’lﬂﬁﬂﬁuﬁ?&ﬂ‘izmuﬂ'JHJﬁ'IiJ'Iiﬂ‘H'Nﬁ'lim’ﬂllﬁ’31‘14?11‘3’(’(\3‘1}@33?1 (data ratcs)

uuu TNAMUHANAIA (errors) YBII99INIAAITYRIVUBY FDSI0x10 Photodiodefin11mg

90 cm. ,R=115kQ

FOV BAUD RATE FOV BAUD RATE
0 14400 - -
1.909152433 9600 -1.909152433 9600
2.698950909 9600 -2.698950909 9600
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FOV BAUD RATE FOV BAUD RATE
3.814074834 4800 -3.814074834 7200
4.262693045 6000 -4.262693045 6000
5.385977099 3600 -5.385977099 3600
6.017284864 3000 -0.017284864 4800
5. 110593134 1200 #5.710593137 3300
6.853224835 1800 -6.853224835 2400
7.594643369 1200 -7.594643369 2400
7.825525625 600 -7.825525625 900
8.049466976 1200 -8.049466976 1200
8.478713147 300 -8.478713147 0
9.462322208 70 -9.462322208 0
10.67841492 0 -10.67841492 0

i ) =4 19
ﬁ’]ﬁ’]\?'ﬁ 4.15.Naﬂﬂﬁ'ﬂﬂuﬁxﬂﬁﬁﬁyuﬂ'ﬂufﬁu'ﬁﬂ"ﬂ"I\‘ig{']Uﬂ'JuJﬁ’JilUﬂ'ﬁﬁﬂqJ'@ﬂgﬁ (data rates)

nun luiinanuAanaIa (errors) ¥09999371AAIFRYYINVDI FDS10x10 Photodiode A

70 cm., R=73 kQ2

FOV BAUD RATE FOV BAUD RATE
0 19200 g -

1.636577042 19200 -1.636577042 19200
2.313840414 19400 -2.313840414 17000
3.270487923 14400 -3.270487923 14400
3.655524979 15700 -3.655524979 12000
4.620158166 12000 -4.620158166 9600
5.162701244 10800 -5.162701244 9600
4.899092454 12000 -4.899092454 6000
5.881620561 9600 -5.881620561 3600
6.519801752 7200 -6.519801752 2400
6.718650453 7200 -6.718650453 1800
6.911576313 4800 -6.911576313 1200
7.281529855 4800 -7.281529855 600
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FOV BAUD RATE FOV BAUD RATE
8.130102354 3000 -8.130102354 0
9.181002364 0 -9.181002364 0

{ = =1 i
A19199 4.16 nanaaoaazsziiuanuansandiuauinluniditoya (data rates)

uunTNAMUHANE A (errors) ¥D9299IMIATITYYINYDI FDS10x10 PhotodiodeNA1N74

50 cm.,R=33 k2
FOV BAUD RATE FOV BAUD RATE

0 56000 % =
2.290610 38400 -2.290610 47200
3.237638 29000 -3.237688 47200
4.573921 29000 -4.573921 29000
5.111090 12100 -5.111090 28900
6.454830 4800 -6.454830 17000
7.209121 2400 -7.209121 12200
6.842773 7200 -6.842773 12000
8.206727 0 -8.206727 7300
9.090277 0 -9.090277 0
9.365159 0 -9.365159 0
9.631652 0 -9.631652 0
10.14211 0 -10.14211 0
11.30993 0 -11.30993 0
12.74985 0 -12.74985 0

P = 3 = 19
N3N 4.17 Hﬁﬂﬂamlmzﬂizmummmmimfmﬂmmmnﬂuﬂﬁm%@ (data rates)

uu TufinnuAanaIa (errors) ¥891993MAdIFYRNNUVDS FDS10x10 Photodiodein 11719

40 cm., R=25 kQ

FOV

BAUD RATE

FOV

BAUD RATE

57600
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FOV BAUD RATE FOV BAUD RATE
2.862405 57600 -2.862405 57600
2.862405 57600 -2.862405 57600
4.044691 57600 -4.044691 57600
5.710593 38400 -5.710593 38400

6.37937 26400 -6.37937 26400
8.049467 9600 -8.049467 7200

&1 a =] '
A1319N 4.lS.WﬁﬂﬂﬁﬂﬁLLﬁ%ﬂigkﬂuﬂ'J’ll]ﬂ"lﬂjﬁﬂﬂj\?ﬁ'luﬂ']'mﬁ':lnlﬂﬂ'liﬁ\ﬂaff]ﬂ%lﬂ (data rates)

up lNANUAANAIA (crrors) Y999995MATIFYYINVDI FDS10x10 Photodiodefina11174

30 cm., R=12 kQ2

FOV BAUD RATE FOV BAUD RATE
0 128000 £ 3
3.814075 121600 -3.814075 92800
5.885070% 43000 -5.385977 57600
7.594643 28800 -7.594643 14400
8.478713 0 -8.478713 3600
10.67841 0 -10.67841 0

i a = 1
M3191 4.19 wanaaewazlsziiuauannsameduanuilunsdadioyn (data rates)

uu A NuAANAIR (errors) V8919950 IAAIT YR IMYDI FDS10x10 PhotodiodeNin1174

20 cm., R=5.31 k€

FOV BAUD RATE FOvV BAUD RATE
0 128000 = -
5.710593 128000 -5.710593 47800
8.049467 64000 -8.049467 9600
11.30993 0 -11.30993 0
12.60438 0 -12.60438 0
15.79317 0 -15.79317 0
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| a < 1
AT 4.20 wanaavauazlspuANUAITINMIUANE lunsdstoya (data rates)

puulufin AN (errors) Y992995M1ATIFYRINVOI FDS10x10 Photodioden113g9

15 cm., R=2.5 kL2

FOvV BAUD RATE FOV BAUD RATE
0 256000 - -
3.814075 256000 -3.814075 128000
5.385977 192000 -5.385977 128000

13199 4.21 wanaavduazlszduanuannsamaauamslumsdedoya (data rates)

uuu lTAMWAEANAA (errors) Y295 NIATIFYRINVEI FDS10x10 Photodiode AN

10 ecm. ,R=0 k2

FOvV BAUD RATE FOV BAUD RATE
0 251000 i -
8._(_)4947 251000 -8.04947 121600
5.71059 128000 el 058 128000 |

{ ~ a '
ﬁ’]ﬁ']\?ﬁ 4.22 Nﬂﬂﬂﬁ@QLLﬁ$ﬂ§glﬂuﬂ')'lllﬁ']u'liﬂﬂ']\ﬁﬁ'luﬂ?]u!ﬁ?ﬁluﬂ']iﬁ\‘]{l}ﬂ}gﬂ (data rates)

uuululianuiana 9 (errors) ¥92393MATITYRINUDI FDS10x10 Photodiode A1 5

cm. ,R=0 k2
FOV BAUD RATE FOV BAUD RATE
0 128000 z )
11.3099 -11.3099
128000 121600
15.7932 -15.7932
92800 128000

4.2 nAaeanazlsZiiuANNANIDI UM TIa NN (field of view) MIquazi

SLAUANNGINVDIIIVINAAITYY UV UADAUIDD(VLC)

4.2.1 nanvauazlsziiuanumniolumsdosaaiyu (field of view) #1499 Hagh

TEAUANVGWNY VO919TNIATIT I UDe TUAaAUUUD(VLC ) NTZALAIINEIA1A
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M13199 4.23 wanaaednazlsziuanuaso lumsdosd119Nyw (field of view) 7199 Y09

Tueaduuungzes 210 em.

AWHU FOV LUX AU FOV LUX
X |Y X | ¥
0| o0 0 27.3 - -
510 1.363928 26.9 15 | -5 4.305808 21.8
10 | 0 2.726311 24.9 15 | -10 4.90661 20.5
] a 4.085617 21.6 P =15 5.768181 18.8
20 | @ 5.44033) 178 15 /| 20 6788975 16 6
5 -1.363928 26.7 W5 5.606715 25.6
‘10| 0 -2.726311 26.1 20 | -10 6.077921 24.5
15 | B -4.085617 Ry 20w, 4 1% 6.788975 22.7
20| 0 -5.440332 23.7 20 | -20 7.670835 20.2
o J|f 5 1.363928 26.5 SV (P -1.928521 26.3
0 | 10 2.726311 25.0 x5 \Il /@ -3.047534 25.1
of | 18 4.085617 23.2 AN\ E -4.305808 235
0 | 20 5.440332 20.6 S5 20 -5.606715 20.9
o 4% 1.363928 272 | 10} 5 -3.047534 25.6
0 | -10 2.726311 263 | -10 | 10 -3.852681 245
0 | -15 4.085617 4 Pty 0 & (45 -4.90661 22.7
0 | -20 5.440332 2P 2 4020 -6.077921 20.2
g 3 1.928521 257 | -8 | 3 -4.305808 24.7
5 | 10 3.047534 XMool LE | "1 -4.90661 23.2
5 {15 4.305808 e 5 -5.768181 21.1
5 |20 5.606715 19.1 15 | 20 -6.788975 18.7
10 | 5 3.047534 234 | 20| 5 5.606715 93.2
10 | 10 3.852681 212 | 20 | 10 -6.077921 E
10 | 15 4.906610 19.7 | 20 | 15 -6.788975 19.3
10 | 20 6.077921 168 | 20 | 20 -7.670835 16.8
15 | & 4.305808 20.3 5 | 5 -1.928521 27.0
15 | 10 4.90661 18.7 5| 10 -3.047534 26.3




54

AN FOV LUX AU FOV LUX
X |y X | ¥

15 | 15 5.768181 1 4 | i5 -4.305808 24.4
15 | 20 6.788975 14.8 5 | 20 -5.606715 293
20 | 5 5.606715 158 | <10 | -5 -3.047534 26.3
20 | 10 6.077921 144 | -10 | -10 -3.852681 25.6
20 | 15 6.7889 75 134 | -10 | -15 -4.906610 24.3
20 | 20 7.670835 T e L -6.077921 313
5 | 5 1.928521 26X\ |/ 718 /], -5 -4.305808 25.2
5 ] -10 3.047534 5\ /415~ (1D -4.90661 24.2
5 | =15 4.305808 831 -B =15 -5.768181 22.9
5 | 20 5.606715 20.1 N5, 40 -6.788975 20.6
10 | -5 3.047534 g7 At 00Ny -5.606715 23.3
10 | -10 3.852681 . skl o W (A0 -6.077921 22.0
1q § -13 4.90661 21. 2200020\ | 18 -6.788975 20.3
10 | 20 6.077921 {eaealy NGy -7.670835 18.5

115199 4.24 wanaavwazdsziiuanuansalumsdesa iy (field of view) #1399 Y04

Tueaduuuungzoe: 190 em.

AN FOV LUX AHUI FOV LUX
2| ¥ o~

0| o 0 343 3 3

5 | @ 1.507436 32.4 - olll A 4.75707 293
10 | 0 3.012788 29.1 =10 5.420165 27.4
15| 0 4.513988 24.8 15 | -15 6.370601 24.1
o | 6.009006 19.9 15 | 20 7.495858 20.8
510 -1.507436 32.6 20 | -5 6.192526 24.0
10| 0 -3.012788 31.6 20 | -10 6.712139 23.1
151 0 -4.513988 30.2 20 | -15 7.495858 20.6
20| 0 -6.009006 2822 20 | 20 8.467132 177
0| 5 1.507436 322 5 |5 -2.131344 19.2




AN FOV LUK AN FOV jBp
X | Y »

0 | 10 3.012788 30.2 5 | 10 -3.367623 18.0
T 4513988 7.3 5 | 15 -4.757070 16.0
0 | 20 6.009006 23.6 5 | 20 -6.192526 13.9
0 | -5 1.507436 322 | <10 | 5 -3.367623 32.0
0 | -10 3.012788 302 | -10 | 10 -4.256807 30.3
0 |-15 4.513988 o O Y g N -5.420165 27.8
0 | -20 6.009006 236 | -10 | 20 6.712139 23.8
g 8 1.928521 o\l /A6 V 5 -4.757070 31.0
5110 3.047534 5 A By 1d -5.420165 29.2
5 |15 4.305808 079 | | \reds 18 -6.370601 26.7
5 [ 5.606715 2 ) R Ry -7.495858 22.9
10 §5 3.047534 a7 W -20%| D@ -6.192526 29.5
10 | 10 3.852681 B.0L080x20\ - 1 -6.712139 27.4
10 | 15 4.906610 25 B0 (IS -7.495858 24.5
10 | 20 6.077921 A i o 8 -8.467132 20.9
15 Y \5 4.305808 27.4 = 5 -2.131344 27.2
15 | 10 4.906610 24.7 50710 -3.367623 24.8
15 | § 5.768181 22.0 51 05 -4.757070 PAky,
15 | 20 6.788975 18.3 5 | 20 -6.192526 18.6
20 | 5 5.606715 227 | -10 | -5 -3.367623 328
20 | 10 6.077921 21.1 ‘8 | \-To -4.256807 315
20 | 15 6.788975 19.1 -10 | =15 -5.420165 28.7
20 | 20 7.670835 156 | -10 | <20 -6.712139 25.5
5| -5 2.131344 186 | -15 | -5 -4.75707.0 31.9
5 |-10 3.367623 17.1 15 | ~10 -5.420165 30.5
5 |15 4.757070 154 | -15 | -15 -6.370601 283
5 | -20 6.192526 122 | -15 | -20 -7.495858 25.1
10 | -5 3.367623 323 | 20 | -5 -6.192526 30.0
10 | -10 4.256807 304 | -20 | -10 -6.712139 28.6
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ANLHL FOV LUX AN FOV LUX
% | ¥ X Y

10 | -15 5.420165 26.8 20 | -15 -7.495858 26.2
10 | <20 6.712139 ok 20 | <20 -8.467132 3.5

115199 4.25 wanaaeazsziiuanudwnse lumsdosanahyy (field of view) #1399 104

Tuaadunungze 170 cm.

Arug FOV LUX A1 FOV 9,053
% | ¥ X | Y
0| o 0 414 / <
5 10 1.684684 39.9 =g I 5.313689 27.0
10| 0 3.366461 36.8 INIE10 6.053343 24.9
15 f # 5.042451 27.5 15 A0 7.112805 )
20 | 0 6.709837 20.7 15| P 8.365886 18.2
=11 Kt -1.684684 40.6 20 | -5 6.914372 20.0
‘10| 0 -3.366461 39.3 35> \\{To 7.493293 18.4
140 o -5.042451 37.4 B0 15 8.365886 16.0
20| o -6.709837 33.6 20 M B0 9.446233 12.9
0|5 1.684684 39.8 S 5 2381817 39
0 | 10 3.366461 36.9 S (90 -3.762736 37.2
0 | 15 5.042451 32.6 Fa 13 -5.313689 335
0 | 20 6.709837 25.4 5 | 20 -6.914372 26.7
G | -5 1.684684 41 N LR -3.762736 38.2
0 |-10 3.366461 T — T -4.755431 355
0 | -15 5.042451 32.8 | -100 | 15 -6.053343 313
0 | -20 6.709837 28 -10 | 20 -7.493293 25.8
5 | 5 2.381817 42 15| 5 -5.313689 36.2
5 110 3.762736 364 | -15 | 10 -6.053343 33.1
5 | 18 5.313689 289 | -15 | 15 -7.112805 28.6
5 |20 6.914372 217 | -15 | 20 -8.365886 23.4
10| 5 3.762736 319 | 20 | 5 -6.914372 31.9
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AUV FOV LUX AU FOV LUX
x| ¥ X | v

16 | 19 4.755431 28.1 | -20 | 10 -7.493293 29
16 | 15 6.053343 244 | 20 | 15 -8.365886 24.7
10 | 20 7.493293 193 | -20 | 20 -9.446233 20.0
15| 5 5.313689 25.8 5 | B -2.381817 40.7
15 | 10 6.053343 233 510 -3.762736 38.6
15 | 15 7.112805 20.3 iy 15 -5.313689 34.6
15 | 20 8.365886 15.1 5 | 20 -6.914372 293
20 | s 6.914372 0\ | /A9 A A5 -3.762736 393
20 | 10 7.493293 176 | -10 | -10 -4.755431 37.4
20 | 15 8.365886 o, || JeY<l -6.053343 34.0
20 | 20 9.446233 p0h6) P D20 -7.493293 28.5
5 4 F5 2.381817 AN Y AR T -5.313689 36.4
5118 3.762736 ./ Fopaet TN £} -6.053343 33.8
54 | -15 5.313689 et L5 ~7.112805 30.8
4 | B0 6.914372 2R AN -0 -8.365886 26.0
104/ 4-5 3.76273 B0 Lol 4s -6.9143720 31.9
10 | -10 4.755431 A3 Glo K EL10 -7.493293 29.7
10 | 15|~ 6.053343 27.1 205 Kz -8.365886 25.9
10 | -20 7.493293 288 | 20 | 20 -9.446233 21.9

M13197 4.26 HanaavaassziunuE IS0 luMs dosa YW (field of view) A197 V09

Tumaduuuunszes 150 em.

AN FOV L% AN FOV %
X | Y ¥ | ¥

0| o 0 52.6 : -

510 1.684684 51.9 5 | =5 5.313689 35.2
10| 0 3.366461 453 15 | -10 6.053343 31,1
15| 0 5.042451 35.1 15 | -15 7.112805 27.2
20 | 0 6.709837 25.2 15 | -20 8.365886 718
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AUAUS FOV LUX CRITRIAIN FOV LUX
X |Y % | ¥

5| D -1.684684 50.5 20 | -5 6.914372 24.6
-10] 0 -3.366461 48.5 20 | <10 7.493293 9212
15| 0 -5.042451 43.7 0. | -1% 8.365886 18.1
20| 0 -6.709837 5.7 20 | 490 9.446233 13.9
0| s 1.684684 50.4 g [ 3 -2.381817 49.2
0| 10 3.366461 46.0 Sy, 10 -3.762736 452
0 | 15 5.042451 383 5 |15 -5.313689 383
0 | 20 6.709837 27.6 5 20 -6.914372 28.1
0 | -5 1.684684 22 | 85 -3.762736 33.0
0 |-10 3.366461 e, | JeYgap -4.755431 788
o |fif 5.042451 31Y2) W OIS -6.053343 23
0 | -20 6.709837 86 N7 -0 2 -7.493293 17.1
5405 2.381817 48.1 SENY £ -5.313689 51.2
5 | 10 3.762736 adsesias W a0 -6.053343 28.0
o | BE 5.313689 N (VYN TN -7.112805 42.1
5120 6.914372 24.1 15| 20 -8.365886 33.6
10| 5 3.762736 407 | 20 | 5 -6.914372 39.4
10 | 10 4.755431 349 | 20 | 10 -7.493293 315
10 | 15 6.053343 29T, [FONETS -8.365886 34
10 | 20 7.493293 20 [0 | 2 -9.446233 315
15 | 5 5.313689 32.3 -5 5 -2.381817 41.6
15 | 10 6.053343 28.8 =g -3.762736 37.8
15 | 15 7.112805 23.0 5 | 15 -5.313689 33.4
15 | 20 8.365886 15.5 5 | 20 -6.914372 25.8
20 | 5 6.914372 238 | -10 | -5 -3.762736 34.0
20 | 10 7.493293 310 | =10 | =16 -4.755431 30.3
20 | 15 8.365886 1480150 1118 -6.053343 26.7
20 | 20 9.446233 10.5 -10 -20 -7.493293 20.8
5 | <5 2.381817 510 | <15 | -5 -5.313689 213
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AN FOV LUX AU FOV LUX
X |y X | Y

5 | -10 3.762736 46.0 | -15 | -10 -6.053343 24.6
5 |-15 5.313689 38.1 -15 | -15 -7.112805 222
5 | -20 6.914372 312 | =15 | <20 -8.365886 18.1
W | -5 3.762736 44.1 200 | -5 -6.914372 13.9
16 | -10 4.755431 40.3 20 | -10 -7.493293 19.2
10 | =15 6.053343 . 0 S I, gy X T -8.365886 452
10 | -20 7.493293 2%l 2D | <20 -0.446233 38.3

M13199 4.27 Wananoatazsziiua a0 TuMITABIa 19Ny (field of view) 7199 VDA

TuadunuunIzes 130 cm.

AN FOV LUX AN FOV L%
x Iy < A Vs
of I d 0 52.6 - -
“! | 0 1.762391 51.9 > N\~ 5.557434 50.9
sl & 3.521453 45.3 oo VS 6.330509 43.1
12y \o 5.273896 35.1 i1J0L0 5 %) 7.437493 40.3
16 | 0 7.016502 25.2 15 [f7-16 8.746162 325
4 | § -1.762391 50.5 16 (ST "M 7.230193 383
g | 0 -3.521453 48.5 16 | -8 7.834935 35.2
12| 0 -5.273896 43.7 16 | -12 8.746162 29.9
16 | 0 -7.016502 35.7 16 | -16 9.873816 23.8
0 | 4 1.762391 50.4 4 | 4 -2.491612 67.3
0| 8 3.521453 46.0 4 | 8 -3.935867 63.5
0 | 12 5.273896 383 4 | 12 -5.557434 558
0 | 16 7.016502 27.6 -4 | 16 -7.230193 435
g | -8 1.762391 5.0 8 | 4 -3.935867 64.7
0| -8 3.521453 47.8 £ 8 -4.973835 59.2
0 |-12 5273896 41.2 ® | 12 -6.330509 50.9
0 |-16 7.016502 33.6 % | 16 -7.834935 40.8




AW FOV LUX CRITATN FOV LUX
% | ¥ X | Y

4 | 4 2.491612 a1 | <12 | 4 -5.557434 58.6
4 | 8 3.935867 425 | -12 | 8 -6.330509 52.6
4 |18 5.557434 345 | -12 | 12 -7.437493 44.4
4 | 16 7.230193 241 | -12 | 16 -8.746162 35.9
8 | 4 3.935867 407 | -16 | 4 -7.230193 48.9
8 | 8 4.973835 349 | <16 | 8 -7.834935 444
8 | 12 6.330509 29 \ ||/ 116/], 12 -8.746162 36.8
g | 16 7.834935 203 | -16 | 16 -9.873816 28.8
12 | 4 5.557434 323 20y =4 -2.491612 51,2
12 | AR 6.330509 28.8 Vbl -3.935867 48.0
12 ¥ §2 7.437493 23.0 \4 L g -5.557434 42.1
12§ |f 16 8.746162 15.5 A% M -7.230193 33.6
16 | 4 7.230193 23.8 8 \| /4 -3.935867 39.4
16 | 8 7.834935 21.0 WAR 8 -4.973835 31.5
16 | 12 8.746162 15.3 FRUTI % -6.330509 34.0
16 | 16 9.873816 10.5 A6 -7.834935 315
4 | -4 2.491612 NE @ 178 48 -5.557434 41.6
4 | -8 3.935867 460 | -12 | -8 -6.330509 37.8
4 | -12 5.557434 38.1 12 | B -7.437493 33.4
4 | -16 7.230193 2L NA N8s -8.746162 25.8
8 | -4 3.935867 . e 9 -7.230193 34.0
g | -8 4.973835 403 | -16 | -8 -7.834935 30.3
8 | -12 6.330509 332 | a6 | -12 -8.746162 26.7
8 | -16 7.834935 272 | -6 | 16 -9.873816 20.8
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M3199 4.28 wananewazlszdiuanuanso lumsdeea NNy (field of view) 7199 VD4

Tuwad U UNIZee 110 em.

ALrUa FOV LUX Ania FOV LUX
ol X | Y
0] o 0 98.6 - .
4 | o0 2.082565 83.2 12 | -4 6.559739 459
8 | 0 4.159642 69.7 1% | B 7.469498 40.3
12| @ 6.225829 47.8 kel -172 8.770323 30.8
16 | 0 8.275893 28.9 12 | -T™® 10.30485 21.3
4| 0 -2.082565 97.2 16/ | ~4 8.526906 28.1
8| 0 -4.159642 92.6 16 (8 9.236759 223
12 | g -6.225829 86.0 16 | -12 10.30485 17.5
‘16 | 0 -8.275893 71.2 16 | -16 11.62382 10.5
0| 4 2.082565 93.2 M4 -2.943896 943
ofllf 3 4.159642 83.3 "4 N\ Jeg -4.648583 86.2
of Il 12 6.225829 69.2 2 W12 -6.559739 70.3
0 | 16 8.275893 44.6 4 | 16 -8.526906 483
o Y\ 2.082565 94.9 TR (& -4.648583 90.3
0. \% 4.159642 86.7 -8 8 -5.872331 80.7
0 | -12 6.225829 60.1 8% A -7.469498 66.4
0 | -16 8.275893 522 =B \116 -9.236759 47.5
4 | 4 2.943896 SI 12 | 4 -6.559739 83.2
4 | 8 4.648583 7821 -2 N\ -7.469498 72.3
4 | 12 6.559739 Ly ] -8.770323 58.4
4 | 16 8.526906 367 | -12 | 16 -10.30485 45.8
8 | 4 4.648583 641 | -16 | 4 -8.526906 68.5
8 | 8 5.872331 558 | <16 | 8 -9.236759 59.7
g | 12 7.469498 440 | -16 | 12 -10.30485 46.9
8 | 16 9.236759 283 | ‘16|16 -11.62382 32.8
12| 4 6.559739 47.0 19 19p 04 -2.943896 96.4
12 | 8 7.469498 40.0 4 | -8 -4.648583 86.3
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GRITETIIN FOV LUX AN FOV LUX
X | Y X |y

12 | 12 8.770323 29.0 o4 | g -6.559739 72.5
1% | 18 10.30485 16.8 -4 | -16 -8.526906 55.0
16 | 4 8.526906 28.2 8 | -4 -4.648583 92.5
16 | 8 9.236759 22.9 8 | -8 -5.872331 84.1
16 | 12 10.30485 15.6 £ | =12 -7.469498 70.0
16 | 16 11.62382 9.2 ey -16 -9.236759 50.4
4 | -4 2.943896 846 | -12 | -4 -6.559739 82.0
4 | -8 4.648583 S VANNIIE o ) P 7469498 72.0
4 | -12 6.559739 3% | Az 4R -8.770323 61.0
4 | -16 8.526906 %9, | Y=<k -10.30485 433
8 | -4 4.648583 g0, Wb (PP 4 -8.526906 65.4
8 | /-8 5.872331  JAN B AR T -9.236759 573
8 J If-124] 7.469498 A7 P01 68 el -10.30485 493
gf Il -16 9.236759 BaRLEE6 \\[-16 -11.62382 35.7

M3 4.29 nanaaouazdsziivanuausalumsdoaananyw (field of view) 7199 V99

\ .
TR UL UNTZOL 90 em.

AN U FOV LUX AU FOV LUX
X | ¥ TN
0 0 146.5 . g
3]0 1.909152 142.3 m N\ o3 6.017285 883
6 | 0 3.814075 124.0 o1 -6 16.853225 79.3
9 | 0 5.710593 94.2 9 | 9 8.049467 66.4
2| o 7.594643 67.0 9 | -12 9.462322 49.4
310 -1.909152 423 | 12 | =3 7.825526 61.6
6 | 0 -3.814075 1367 | 12 | -6 8.478713 53.4
9| o0 -5.710593 1248 | 12 | 9 9.462322 44.4
‘12| o -7.594643 105 A ) 10.67841 30.6
0| 3 1.909152 1432 | -3 | 3 -2.698951 139.4




AW FOV LUX AU FOV LUX
X | Y % | ¥

0| 6 3.814075 1318 | -3 | 6 -4.262693 128.9
0|9 5.710593 1122 | -3 | B -6.017285 1115
B || 12 7.594643 82.5 30| 12 -7.825526 83.1

0 | -3 1.909152 1145 | 6 | 3 -4.262693 113.3
0 | -6 3.814075 1277 | -6 | 6 -5.385977 121.5
g | = 5.710593 1086 | 6 | 9 -6.853225 103.5
0 |-12 7.594643 86.1 -6 4|, 12 -8.478713 77.6
3 |3 ' 2.698951 135.1 913 -6.017285 121.9
3|6 4.262693 1182 | 9 | 6 -6.853225 108.2
319 6.017285 Ve MANNS (PN | -8.049467 91.6
3 W 7.825526 75.2 S AT -9.462322 69.5

6 | 3 4262693 Ay M4 -7.825526 98.7
6l & 5.385977 1002 | -12 | 6 -8.478713 59.1

6l Il 9 6.853225 81.1 39 \N\(9 . -9.462322 76.2
AN 1S 8.478713 RS SREEAED12 -10.67841 55.7
9 | 3 6.017285 87.9 - V128 -2.698951 142.6
9 | 6 6.853225 79.0 3K -6 -4.262693 1322
9 | 9 8.049467 63.1 3l E] (9 -6.017285 115.1
9 | 12 9.462322 438 gl 12 -7.825526 90.1

12 | 3 7.825526 63.5 6 | -3 -4.262693 135.9
12 | 6 8.478713 55.9 6 | -6 -5.385977 1254
12 | 9 9.462322 41.2 s t™"0 -6.853225 110.1
12 | 12 10.67841 26.6 4 || 18 -8.478713 81.0
3 | 3 2.698951 1378 | <9 | -3 -6.017285 119.7
3| -6 4.262693 1218 | 9 | -6 -6.853225 108.7
3] -9 6.017285 1015 | 9 | -9 -8.049467 92.2

5§23 7.825526 82.9 4 | =12 -0.462322 72.6

6 | -3 4.262693 1152 | <03 | -3 -7.825526 96.8

6 | -6 5.385977 1082 | -12 | -6 -8.478713 87.9
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AU FOV LUX RIS FOV LUX
X | ¥ X | ¥

6 | -9 6.853225 R8s | <12 | B -0.462322 73.1
6 | 12 8.478713 66.7 | -12 | -12 -10.67841 56.0

M13197 4.30 HanAavazlIEINANUEINITD TUMTTIAIINYY (field of view) 719 VD

. .
TR aduIuuNTZoE 70 L.

AN FOV LUX AN FOV LUX
X | ¥ Bl 1P

0] o0 0 230 - - :

2 | 0 1.636577 225 5V, —28 5.162701 165
2 | o 3.270488 210 = K 5.881621 145
6 | 0 4.899092 193 6 | -6 6.911576 122
sl o 6.519802 163 i Al 8.130102 99
Al 6 1.636577 229 12\ I =2 6.71865 139
41 p -3.270488 214 2 \\(4 7.28153 121
6| 0 -4.899092 188 15D 6 8.130102 100
=1 1\ 1 -6.519802 162 1221043 9.181002 74
0 N} 1.636577 225 2 2 -2.31384 225
0| 4 3.270488 216 2R |(% -3.655525 219
01| 6 4.899092 206 Yy 6 -5.162701 206
0| 8 6.519802 187 -2 8 -6.71865 183
0 | -2 1.636577 225 = B -3.655525 216
0 | -4 3.270488 200 - ! -4.620158 209
0| -6 4.899092 170 -4 6 -5.881621 191
0 | -8 6.519802 128 -4 8 -7.28153 165
5 | 2 2.31384 %, -6 2 -5.162701 194
2 | 4 3.655525 214 6 | 4 -5.881621 191
2 | 6 5.162701 203 -6 6 -6.911576 175
3 | B 6.71865 183 -6 8 -8.130102 152
a4 | 2 3.655525 210 8 | 2 -6.71865 171
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AN FOV LR AUNU FOV ti
X Y X Y

4 4 4.620158 201 -8 4 728153 164
4 6 5.881621 187 -8 6 -8.130102 152
4 8 7.28153 163 -8 8 -9.181002 129
6 2 5.162701 184 -2 -2 -2.31384 222
6 4 5.881621 178 -2 -4 -31655525 203
6 6 6.911576 162 =i -6 -5.162701 170
6 8 8.130102 144 =2 -8 -6.71865 128
8 2 6.71865 159 -4 -2 -3.655525 205
8 4 7.28153 149 -4 -4 -4.620158 184
8 6 8.130102 139 -4 -6 -5.881621 154
8 8 9.181002 5] -4 -8 -7.28153 118
2 -2 2.31384 216 -6 -2 -5.162701 178
2 -4 3.655525 190 -6 -4 -5.881621 156
2 -6 e B1162701 160 -6 -6 -6.911576 134
2 -8 6.71865 124 -6 -8 -8.130102 104
4 <2 3.655525 195 -8 2 -6.71865 150
4 -4 4.620158 172 -8 -4 -7.28153 137
4 -6 5.881621 143 -8 -6 -8.130102 113
4 -8 28153 %) -8 -8 -9.181002 86

A7197 4.31 Hanaavauazlsziiunnuanse lunsdesad1afigy (field of view) #1399 Y93

Tupaduuuungzez 50 cm.

A M1 FOV LUX AU FOV LUX
X |y X Y

0| 0 0 471 - -

2 | 0 2.29061 466 6 «2 7.209121 370
4 b 0 4.573921 430 6 -4 8.206727 256
6 | 0 6.842773 368 6 -6 9.631652 170
8 | 0 9.090277 246 6 -8 11.30993 94
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CRITIIN FOV LUX AN FOV LUK
X | Y % Y

210 -2.29061 434 12 | -2 9.365159 206
4 10 -4.573921 351 12 | -4 10.14211 158
6 | 0 -6.842773 267 12 | -6 11.30993 108
-8 |0 -9.090277 168 12 | -8 12.74985 57
g | 2 2.29061 461 -2 2 -3.237688 429
0 | 4 4.573921 431 -2 4 -5.11109 382
0 | 6 6.842773 353 -2 6 -7.209121 302
0 | 8 9.090277 274 -2 8 9.365159 ‘___2‘28__
0 | -2 2.29061 433 -4 2 -5.11109 361
0 | -4 4.573921 353 -4 4 -6.45483 317
0 | -6 6.842773 243 -4 6 -8.206727 362
0 | -8 9.090277 134 -4 8 -10.14211 188
20 I 2 3.237688 443 -6 2 -7.209121 RS5
21 4 5.1 1109 417 -6 4 -8.206727 229
2 6 7.209121 357 -6 6 -9.631652 175
2 8 9.365159 257 -6 8 -11.30993 121
4 2 5.11109 421 -8 2 -9.365159 162
4 | 4 6.45483 384 -8 4 -10.14211 136
4 6 8.206727 316 -8 6 11.30993 113
4 8 10.14211 228 -8 8 -12.74985 75
6 | 2 7.209121 350 -2 -2 -3.237688 222
6 4 8.206727 317 -2 -4 -5.11109 203
6 6 9.631652 257 -2 -6 7.209121 170
6 8 11.30993 179 -2 -8 -9.365159 128
g8 | 2 9.365159 241 -4 -2 -5.11109 205
8 4 10.14211 231 -4 -4 -6.45483 184
8 6 11.30993 193 4 | -6 -8.206727 154
8 8 12.74985 119 -4 | -8 -10.14211 118
2 | -2 3.237688 433 6 | -2 -7.209121 178
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CRITAYRIR| FOV LUX AN FOV LUX
X |y X Y

g | =4 5.11109 356 6 | -4 -8.206727 156
% | =B 7.209121 254 & | ~B -9.631652 134
2 | -8 9.365159 156 5 | -8 -11.30993 104
4 | -2 5.11109 380 -8 2 -9.365159 150
4 | -4 6.45483 293 g | = -10.14211 137
4 | -6 8.206727 220 i -11.30993 113
4 | 8 10.14211 134 Hsl, -12.74985 86

A15199 4.32 wanaasauazlszilunua o lumsdoaa ey (field of view) @199 109

TaaaduununT=zes 40 cm.

AU FOV £.4p ¢ AN FOV LUX
X4 v X X

oy g e 0 666 - 3

20 q 2.862405 629 2 -2 4.04469 877
4 Y\ 0 5.710593 484 ? -4 6.37937 452
2 AW -2.862405 655 4 2 6.37937 442
4 | 0 |  -5710593 548 4 -4 8.049467 375
0 | 2 2.862405 635 -2 2 -4.04469 617
0 4 5.710593 529 2 4 -6.37937 500
0o | -2 2.862405 640 -4 2 --6.37937 517
0 | -4 5.710593 525 -4 4 -8.04946 410
2 | 2 4.044691 589 2 2 -4.04469 632
2 | 4 6.37937 484 2 | -4 -6.37937 537
4 | 2 6.37937 454 -4 | -2 -6.37937 503
abd el 8.049467 365 -4 -4 -8.049467 429
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M13191 4.33 HanAaouazdsziiuanua s lumsdoaaefiyw (field of view) 199 Y04

TuaaduuuunIzes 30 cm.

AN FOV LUX ANMUS FOV LUX
X | ¥ X | ¥

0] 0 0 1165 - -

7 1 3.814075 1097 2 | -2 5.385977 996
410 7.594643 758 2 | 4 8.478713 658
2z | ® -3.814075 1019 e - 8.478713 672
410 -7.594643 683 4 | -4 10.67841 416
0| 2 3.814075 1064 | 2 | 2 -5.385977 895
0| 4 7.594643 705 2| 4 -8.478713 587
o | £ 3.814075 1077 N3 -8.478713 551
0 | 4 7.594643 711 -4 |4 -10.67841 343
2 I 2 5.385977 989 2 N/~ -5.385977 922
v) il IE: 8.478713 620 2\ [ ad -8.478713 650
41 @ 8.478713 666 3 N\ 8478713 616
4 | 4 10.67841 380 2D -4 -10.67841 369

M3519% 4.34 Hanaaeuaztlsziiuanuawsn lun1sdoa 1Ny (field of view) A199 Y89

Tuead U= 20 cm.

AU FOV LUX RIS FOV LUX
X |y X | Y

0| o0 0 2230 - -

2 | 0 5.710593 1930 e ) 8.049467 1320
4 |0 11.30993 860 2 | -4 12.60438 400
2| o0 -5.710593 1600 4 | 2 12.60438 620
4|0 -11.30993 600 4 | -4 15.79317 220
0| 2 5.710593 2010 2 | 22 -8.049467 1340
0 | 4 11.30993 1100 g | @ -12.60438 720
0 | -2 5.710593 1700 4 | 2 -12.60438 370
0 | 4 11.30993 610 4 | 4 -15.79317 170
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AN FOV LUX AU FOV LUX
% | ¥ X | Y

7 | 2 8.049467 1800 2 | 2 -8.049467 1060
g | 4 12.60438 690 2 | -4 -12.60438 320
4 | 2 12.60438 830 4 | -2 -12.60438 310
4 | 4 15.79317 340 4 | -4 -15.79317 110

M13197 4.35 wanaaoauazllsziuanuainian luns adoaa 119Ny (field of view) A199 YDA

) )
TuaauuuUNIZoE 15 cm.

dumie | FOV LUX ALK HALF ANGLE LUX
X Y X pd

0 0 0 3200 3 ;!

1 0 3.814075 3110 1 1 5.385977 3150
-1 0 -3.814075 2730 1 £] 5.385977 2510
0 1 3.814075 3170 =] 1 =R ES277 2790
0 = 3.814075 2490 -1 = D BEEATH 2260

M13199 4.36 Hanaaowazlsziuanua o TunTdoIa 190y (field of view) 7199 VO3

9 —
TuRaAUIUVN5 o2 10 cm.

AMKUL FOV Lux AUNUS FOV LUX
X | Y x |y

0] 0 0 5940 - -

B ol 1 5.71059 5130 1 1 8.049467 4170
110 -5.71059 4770 1 -1 8.049467 3870
0| 1 5.71059 5230 -1 | -8.049467 4490
g || < 5.71059 4830 -1 | -1 -8.049467 4170
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M13199 4.37 Hananesazlszdiuanuansa lunisdesadanyy (field of view) A199 VB9

TupaduuuuNsEee 5 cm.

AUHUY FOV LUX AU FOV LUX
%1 ¥ X | Y

0|0 0 7246 - "

1§ & 11.30993 7180 1 1 15.79317 7710
‘1|0 -11.30993 6550 1 | -1 15.79317 6140
0| 1 11.30993 7000 | -1 1 -15.79317 3340
0 | -1 11.30993 5640 | -1 | -1 -15.79317 5330

Y

XCH)

{ v w v { 1 )
319 4.1 paennudURUTYIMIAINAD AT NYUA VBRI AR T YRy I

(IlluminationTransmission)AUAWHUA (X,Y)N52AUAINEGA 210 cm.
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Height 190 cm

71l 42 neasanuduiusvessnnudosaeiyua e VeI TN F R 0

(IluminationTransmission) AUAWHUI (X,Y) 5 35”?1‘3‘111’:1& 190 cm.

Height 170 cm

YicH)

HeM

1 4.3 uamannuduiuTuBImIANNdo A 1INy VBT MAT AT Ry 1A

(IlluminationTransmission)AUAWH UL (X,Y) ﬁizﬁﬂﬂ’.l’lﬂ’g‘ﬂ 170 cm.



B .

2

Height 150 cm

YE oM

51/ 4.4 namsanuduiuFvesmANudesa efiguA Yo MAT IR

(IlluminationTransmission)ﬁ"Uﬁ1tI,‘Hlid (X,Y) ﬁszﬁummqq 150 em.

Height 130 cm

e Hom)

{ @ o d 1 ¥ 1 { 1 1w
JU7 4.5 paAI NUFURUTVOIMIANUABIAINNYUAN) YDINVINNAIT Y I

(IlluminationTransmission)AUA WHUY (X,Y) NTLAVAINGI 130 cm.
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R st

3

Y X

Uil 4.6 ieasnnuduiuivosmanuaosadeiyuauees Mnded gyl

(IlluminationTransmission)ﬁ‘l_lﬁm‘}ﬂiﬁ (XY) 3 zﬁummqa 110 em.

Y(CM) XEM)

73

1/ 4.7 nEmsnnuduiusyesminudesn eiyuA 199 Yee IR A Y

g g

(I]lumination'l"ransmission)ﬁ"uﬁ’l!!.?i‘Li\‘l (X,Y) N3 $ﬁﬂﬂ31uq090 cm.
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Yfem) Yem)

311 4.8 uaman AT YBIMIANNABIE IR VBT MIRd STy

(INuminationTransmission)NUA MUY (X,Y) NISAVAINGITO cm.

Yiem)

Hem)

~ v w v 1 v | 1 1 o
E‘IJ‘YI 49 Llﬂﬂﬂﬂ'll'lllﬁu‘ﬂ"nlﬁ‘ilBﬂﬂ'Iﬂ'J'ﬁJﬁENﬁ’J"NﬁuNﬂ'N“]ﬁ.lEN'J\‘i‘il‘J'ﬂ'lﬂﬁQﬁﬁHﬁy']ﬂ!

(IlluminationTransmission)faf‘uﬁ11tﬂﬁﬂ X,Y) ﬁizﬁummqq 50 em.
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Y(em) em)

717 4.10 namsnNuFURUT YOI AWdRIE ANV MATIT YR

(IlluminationTransmission)ﬁ'Uﬁ’lEL‘H‘LEQ xyY) ﬁi:é’ﬂﬂamquo cm.

Y(cm) Xem)

{ o a o [l ] { 1 1
U7 4.11 uasnNUAURLTYBIAININABIAIINYNA1YDINITMAAIT Y

(IlluminationTransmission)AUA WML (X,Y) NILAVAINGI30 cm.



76

Y(em) Hem)

310 4.12 urmsnuFuRUTVRIAIA N HBIEINTIYNAIE YR TN IR Ty R 0

a

(Illumination Transmission)AUAWHUI (X,Y) ﬁiSﬁ“]Jﬂ‘l”lqu 320 cm.

Height 15cm

¥{em)

Hem)

71l 4.13 usrmsnnuduiusvessnnudssa Nefiyud e v Indedy g e

(IlluminationTransmission)NUA KUY (X,Y) s :ﬁummqa 15 cm.
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Height 10 cm

Yiem) Yem)

17 4.14 uamsanuduiutyssmaNud oIy up T dI TRl

(IlluminationTransmission)A AL (X,Y) 3 351!?1’3111‘1;{0 10 cm.

f(em)

Aem)

311 4.15 uamennuFURUTYRImANUdB A NIyUA YD T AIRFIT YR 10

(IluminationTransmission)AUA MU (X,Y) NTLAVAINGAS cm.
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300000

Baurd rate (fim/Au)

/ \ ATNEN
150000
—$—10cm
/ \
100000 ~&-5cm
// 50000 \\
T T T n T T 1 FOV
-15 -10 -5 0 5 10 15

51/ 4.16 N3 AMUFIUTIEMI 3 field of view (FOV) 11ag Data rate NI20ANUFS

5,10 cm. 4849 Photodiode %¥1ia VBPW24R

Baud rate ({in/Aui)

RN

—4=—50cm

—f--40cm

d o . '
517 4.17 nsmanuduiussen g s field of view (FOV) 11ag Data rate 5205A1UES

15,20,30,40,50 cm. Y84 photodiode¥tin VBPW24R



Baurd rate (finAw)

ANNGa

—p—70CM

—g—50CM
e 40CM

=¢=30CM

—5=20CM

=@-=15CM

FOV
15

5171 4.18 A5 MANUALIUT 521919 3y field of view (FOV) #AZ Data rate N5z8yAING

15,20,30,40,50,70 cm. U89 FDS10X10 Photo diode

16000
Baurd rate (finfAu)
1400071,
179@! \ AN
| e \ —6—210CM
7 '/’\ ”'X —m—190CM
8
e il | PR S
Wf \ \ 4—170CM
/6000 \mﬁ . 3 150CM
X V —4=130CM
» 0 —~9--110CM
2 e 9 —=-90CM
Gt @
T T T O T T FOV
-15 -10 5 0 5 10 15

37 4.19 AaslauFuRLTIENI19 Yo field of view (FOV) tiag Data rate i5382A7I0g4

90,110,130,150,170,190,210 cm. U84 Photodiode ¥1A FDS10X10
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FOV (éegree)
Height (cm)

319 4.20 ﬂﬂﬂmmﬁuﬁufi:Wh&ﬁmmnﬁ'hqmmqa 10 YN field of view (FOV) Nizuy

AP 5-40 cm.

FOV {degres)

Height (cm)

317 4.21 psminuFRLE ST MR TANNGA 1A AN field of view (FOV) NIzt

ANUY 50 -210 cm.
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5.1.a31wamafniuam

5.2 domuouusy

5.1 agdmamsduiinau
=a v =] T

5.1.1 naevduazlszliuanuamnsamimunslunsaadona (data rates)
uuY A NNEANAIA (errors) YOI VBPW24R Photodiode 118z FDS10x10 Photodiode
SZAUANNGINIYDIIDINIAAIA QYYD

9 '
NARaMsnaadazioufioun) Baud rate YOIAITULAINITDITHA NTLAVAY
A W o 9/ o 4 = =) o 5
ganeagiu MlAagl1d91 Photodiodetrtia FDS10x10 In2wau15n lunissudaya (data
14 a =3 1 = 4
rates) 10U hifinuAawa1a (errors) 18159310791 Photodiode¥iia  VBPW24R 11194910
3 ] '

Photodiode ¥HA FDS10x10 HHUNMSSDLaaNwozndwila VBPW24R taziinylaluns
[ 1 a ' = Qs 1
FUUAIgINITHa VBPW24R uazewisaagl1di1 anmsalumssudeadoya (baud rate)
nilsHnAY AUANNETEUINNITDURzAIdetoya iezuUsHAAUAUYY field of view BndIY

5.1.2 naaeuazlsziiuanua N salumMsaeIa NN (field of view) A1gquazi
FZAUANNFINC VDIIIDINATITYY VB NAAAUUVT (VLC)

MnMsnaaesuazlzduaNumITn lumsadeaadenyw (field of view) A19uaz
NI2AVANNTIAVBITMATUTYyauazdedyIuvod Tuaadunun Iay Lux meter

"o

AN RITINNYNAI V09999901 ATy v (HluminationTransmission) NN

' H 3 '
(X,Y) arqnuinenaassdedyaanalfegludumisnganniu manuadnem Lux
o El = ' £y A A w by kY o
meter 30 lavziimanuainadosas uaziiemou Lux meter 180 Tnadmwang Tasiygu field
. ' @ 1w a1 1 1 = [ ! 3
of view AN TUMITMATITYRIY NaIHalHAIAUE 19N Lux meter 3014 Tia1iosasde
1 [ o L [ 1 Y] [ o W
wunu M ldagd1a91 anudesaitsvesddsdyauuas ulswadunuszozanug Tag

N17A399907 Baud Rate N5282A1NEIA19NTANua@m50lunssudeya (Data Rate)

¥
a

asaduam 1daatl
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Y ' = = =]
UNNADYNVINAIT NN 4.7 Nﬁ“ﬂﬂa@ﬂ!%ﬁﬁﬂﬁglﬂuﬂ?’]i]ﬁ’]n'ﬁﬂ“ﬂ'\\'}ﬁ?uﬂ'ﬂﬂﬁ’ﬂuﬂ'ﬁ

d4lyn (data rates) wu luTinuianaa (errors) Y99 VBPW24R Photodiode 11A111/74 5
cm., R=12 k2

FOV BAUD RATE FOV BAUD RATE
0 256000 = =
11.3099 28800 -11.3099 19200
15.7932 0 ~15:7932 0

ABMIMUINNYU(Field of view) 0 DIF

911 Baud rate 10 bit = 11 Data rate = 8 bit

Baud rate 256000 bit

1 Data rates (256000 x 8 /10 bit
Baud rate 256000 bit

1 Data rates 204800 bit
E¥s
5.2 YDA HDNUY

w ey A g 3 ayrzl = v
1. vvssudedyaananaanas e luInsanuildumo9993AU0IUY A5

a Eeo b e 9Y g Y.
NIANAILYBII99T Modulation 1Az 2393503 padyanamauad i1 11da0 e

] Y k4
Tidymymuasidseen lumuma 18 Tnanndunagliganinnniy

2. maiumaslumsassaeuanuianaialunmssudetoyaluTysunsy Terminal
v1.9b

y o i 4 a LY 19
3. muaTesiionaiaf lAnasgu ieannnuranainlumssudedoya
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BPW24R

icon PIN Photodiode

id
S

Description
BPW24R is a high sensitive silicon planar photodiode

in a standard TO-18 hermetically sealed metal case
with a glass lens.

- A precise alignment of the chip gives a good coinci-
dence of mechanical and optical axes. The device
foatures a low capacitance and high speed even at
low supply voltages.

Foatures
iHermetically sealed TO-18 case
© Exacl cenlral chip alignment
» Gathode connected to case
> Angle of half sensitivity p =+ 12 °
» fixtra fast response times atlow operating volt-
ages
» 1ligh photo sensitivity
' Radiant sensitive area A = 0.78 mm?
» Suitable for visible and near infrared radiation
» “or photodiode and photovoltaic cell operation
» lLead-free component

» Gomponent in accordance to RoHS 2002/95/EC
and WEEE 2002/96/EC

Avsolute Maximum Ratings
Vamy = 25 °C, unless otherwise specified

Applications
High speed photo detector

Vishay Semiconductors

Parameter Test condition Symbol Value Unit
Raovarse Voltage VR 60 v
| Power Dissipation Tamp < 252G Py 210 mwW
Junction Temperature T; 125 °C
"(v)ﬁperaﬁng Temperature Range Tamb -55to+125 °C
Stérage Temperature Range Tsig -55t0+125 °C
Solt"lering Temperature t<5s Tsd 260 °C
Thermal Resistance Junction/ Rihia 350 K/W
Ambiant

Document Number 81520
Rev, 1.3, 08-Mar-05

www.vishay.com
1




BPW24R
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Vishay Semiconductors

Electrical Characteristics
Tamp = 25 °C, unless otherwise specified

Parameter Test condition Symbol Min Typ. Max Unit
Breakdown Voltage lg=100 A, E=0 Vier) 60 200 v
Reverse Dark Current V=50V, E=0 lo 2 10 nA
Diode capacitance Vg=0V,f=1MHz,E=0 Cp 11 pF

Vg=5V,f=1MHz,E=0 Cp 3.8 pF
Vg=20V,f=1MHz,E=0 Cp 25 pF
Optical Characteristics
Tamb =25 °C, unless otherwise specified

Parameter Test condition Symbol Min Typ. Max Unit
Open Circuit Voltage E. = 1 mW/cm?, A = 950 nm Vo 450 mV
Temp. Coefficient of V, Eo=1 mW/cmZ. % =950 nm TKyo -2 mV/K
Short Circuit Current o =1 mW/cm?, A = 950 nm Ik 55 pA
Temp. Coefficient of Iy Ep=1kix TK 0.1 Y%l/K
Reverse Light Current Eg=1 mW/emZ2, A = 950 nm, ha 45 60 HA

V=20V
| Absolute Spectral Sensitivity VR=5V, A=870nm s(A) 0.60 AW
VR=5V, A =900nm s(A) 0.55 AW
Angle of Half Sensitivity ¢ 72 deg
Wavelength of Peak Sensitivity X 900 nm
Range of Spectral Bandwidth Aos 600 to 1050 nm
Rise Time VR=20V, R =50Q, A =820 1, 7 ns
nm
Fall Time VR=20V, R =500, 1=820 t g ns
nm
Typical Characteristics (Tamb = 25 °C unless otherwise specified)
1ot o > 14
R I g 1.2 b =
= A =) A =950 hm
e s 3
8 1@ A g 4o vav 4
- <
“,‘q 10! _ ® 08
LA =+ 06
40 680 80 100 120 0 20 40 60 80 100
04 8454 Tamb— Ambient Temperature (°C ) 94 8409 Tamb - Ambient Temperature (°C)

Figure 1. Reverse Dark Current vs. Ambient Temperature

Figure 2. Relative Reverse Light Current vs. Ambient Temperature

www.vishay.com
2
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Vishay Semiconductors

Z
— >
£ £ 40 N
= g A A
§ 100 — 2 08 \
_ vy —_— .
3 S / \
2 P z ¥
5 L~ & 06 / !
5 A0 < - / \
2 - 2 /
= ©
9 p Vr=10V]] z /
g - pd =950 nm : / \
'w t s 0.2 / \\
= // ,
0.1 o O
0.01 0.1 1 10 350 550 750 950 1150
94 8455 Ep - Irradiance ( mW/cm? ) 94 8458 A —Wavelength (nm)
Figure 3. Reverse Light Current vs. Irradiance Figure 6. Relative Spectral Sensitivity vs. Wavelength
100 0" 10 20
. - 1.mW{'cr'n?I { 30°
R Z
€ — 0.5mW/c 2
Ml mmni ;
5 @ | 40
5] A = 950 nm-]
= 0.2mWien? g 1.0 -
o = — 4 =
= 10 LA 1] 1 = )
5 0.1 mW/cn? - 09 50°
2] Ll o —
2 s [
] w
s RN | 07 -
0.02mW/cn? R 80°
1 e I
0.1 1 10 100 06 04 02 0 02 04 06
94 8458 VR - Reverse Voltage (V) 94 8459
Figure 4. Reverse Light Current vs. Reverse Voltage Figure 7. Relative Radiant Sensitivity vs. Angular Displacement
12
w
= 10
& A
.—§ 8 \\ =0 ] |
] N f=1MHz
&
S s N
2 b\
o
o 4 N -
I \\
(5’ 2 \""-
ol
01 1 10 100
94 8439 Vg — Reverse Voltage (V)
Figure 5. Diode Capacitance vs. Reverse Voltage
Document Number 81520 ; www.vishay.com
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Vishay Semiconductors
Package Dimensions in mm
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2.54 nom. )
4697007 g o
= a
o
CHIP_POSITION
in -
o J k:
‘L @
1 $0.457005

14487

N =&

technital drowings

LENS 3 according to DI

specifications

g*\?

BL+0.05
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Vishay Semiconductors

Ozone Depleting Substances Policy Statement

it iz the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and
operatingsystems with respect to their impact on the health and safety of our employees and the public, as
well as their impact on the environment.

it is particular concern to control or eliminate releases of those substances into the atmosphere which are
known as ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs
and forbid their use within the next ten years. Various national and international initiatives are pressing for an
~arlier ban on these substances,

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use
of ODSs listed in the following documents. ’

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments
respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can ceriify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design
and may do so without further notice.

Parameters can vary in different applications. All operating parameters must be validated for each
customer application by the customer. Should the buyer use Vishay Semiconductors products for any
unintended or unauthorized application, the buyer shall indemnify Vishay Semiconductors against all

claims, costs, damages, and expenses, arising out of, directly or indirectly, any claim of personal
damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

Document Number 81520 www.vishay.com
Rev. 1.3, 08-Mar-05 5



s Legal Disclaimer Notice
Vishay

Notice

Specifications of the products displayed herein are subject to change without notice. Vishay Intertechnology, Inc.,
or anyone on its behalf, assumes no responsibility or liability for any errors or inaccuracies.

information contained herein is intended to provide a product description only. No license, express or implied, by
estoppel or otherwise, to any intellectual property rights is granted by this document. Except'as provided in Vishay's
terms and conditions of sale for such products, Vishay assumes no liability whatsoever, and disclaims any express
or implied warranty, relating to sale and/or use of Vishay products including liability or warranties relating to fitness
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Features:
NPN Silicon Planar Epitaxial Transistors.
e General Purpose Switching Applications.

Dimensions Minimum Maximum
A 4.32 533
B 4.45 5.20
Cc 3.18 4.19
D 0.41 0.55
E 0.35 0.50
F
G 1.40

I i 1.53
K 12.70 -
L 1.982 2.082

Pin Configuration:
1. Emitter
2. Base

3. Collector

Dimensions : Millimetres
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Absolute Maximum Ratings

Rating Symbol 2N4401 Unit
Collector-Emitter Voltage - Veeo 40
Collector-Base Voltage Veeo 60 v
Emitter-Base Voltage Veso 6
Collector Current Continuous Ic 600 mA
Power Dissipation at T, = 25°C 625 mW
Derate above 25°C 5.0 mW/°C
Pp
! Power Dissipation at T_= 25°C 15 w
| Derale above 25°C 12 WrrC
Operating and Storage JunctionTemperature Range T;, Tsyg -55 to +150 °C
Thermal Resistance
Junction to Case Rih o) 83.3
*C/W
Junction to Ambient Rih g-a) 200
Electrical Characteristics (T, = 25°C unless otherwise specified)
Characteristic Symbol 2N4401 Unit
Collector Emitter Voltage /
! g = 1mA, Ig = 0 BVceo R
Collector Base Voltage
lc = 100pA, Ig = 0 BVceo >60 v
Emitter Base Voltage
le = 100A, I = 0 BVeso =
Base Cut off Current |
Ve = 35V, Vgg = 0.4V BV,
- <0.1 HA
Collector Cut off Current |
Veg =35V, Vgg = 0.4V CEX
Collector Emitter Saturation Voltage
Ig = 150mA, Ig = 15mA Vot P
' = 500mA, Iz = 50mA ’
Y
Base Emitter Saturation Voltage
Ic = 150mA, Ig = 15mA Uik ail® 0.751- 0.95
Ic = 500mA, |z = 50mA <12

*Pulse Test : Pulse Width: <300us, Duty <2.0%

Page <2>
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Electrical Characteristics (T, = 25°C unless otherwise specified)

Characteristic Symbol 2N4401 Unit
DC Current Gain
[C = 01mA, VCE =1V >20
[C = 1mA, VCE =1V >40
le = 10mMA, Vg = 1V hre >80 .
gy LOE 100 - 300
" 1 = 150mA, Vg = 1V* oD
lc = 500mA, Vcg = 2V*
Dynamic Characteristics
Small Signal Current Gain ; i
lc = 1MA, Veg = 10V, f = 1KHz Pre 40 - 500 -
Input Impedance
Ig = 1mA, Vgg = 10V, f = 1KHz Mie 8- ke
Voltage Feedback Ratio
Ig = 1mA, Vgg = 10V, f = 1KHz Pre S50 x104
Output Impedance
Ig = 1MA, Vg = 10V, f = 1KHz hoe 1.0-30 KO
Collector-Base Capacitance
Vg =5V, Ig = 0, f = 100KHz Cen <‘-":-5
Veg = 10V, Ig = 0, f = 140KHz bF
Emitter-Base Capacitance
Veg = 0.5V, I = 0, f = 100kHz Ceb <30
Transition Frequency ¢
Ic = 20mA, Vg = 10V, f = 100MHz T 4230 fifkiz
Switching Characteristics
Vee = 30V, Vg =24
Ic = 150mA, Igq = 15mA
Delay Time tq <15
ns
Rise Time ks <20
Vcc = 30V, !C = 150mA
'B1 = IBZ = 15mA
Storage time ts <225
ns
Fall Time t <30

"Pulse Test : Pulse VWidth: <300ps, Duty <2.0%

Page <3>
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hee. DC Current Gain (Normalized)
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On Voltages
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Document Reference No.: FT_000051

UM232R USB - Serial UART Development Module
Datasheet Version 1.1

Clearance No.: FTDI# 125

1 Introduction

Ihe UM232R is a development module which uses FTDI's FT232RL, one of FTDI's range of USB to UART
interface integrated circuit devices. The FT232RL is a USB to serial UART interface with optional clock
generator output, and the FTDIChip-ID™ security dongle feature. In addition, asynchronous and synchronous
bit bang interface modes are available. The FT232RL adds two new functions compared with its predecessors,
effectively making it a “3-in-1" chip for some application areas. The internally generated clock (6MHz, 12MHz,
24MHz, and 48MHz) can be brought out of the device and used to drive a microcontroller or external logic. A
unique number (the FTDIChip-ID™) is burnt into the device during manufacture and is readable over USB,
thus forming the basis of a security dongle which can be used to protect customer application software from
being copied. (Safe-Guard-IT). The UM232R is supplied on a PCB which is designed to plug into a standard
0.6” wide 24 pin DIP socket. All components used, including the FT232RL are Pb-free (RoHS compliant).

X
1
i
t
o

Figuia 1,1 -~ UM232R USB Serial UART Development Module

© Cowyright 2005-2011 Future Technology Devices International Ltd . 1
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2 Typical Application

L]

®

L3

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

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 Insbiumentation

USB Industrial Control

USB MP3 Player Interface

USB FLASH Card Reader / Writers
Set Top Box PC — USB interface
USB Digital Camera Interface

USB Hardware Modems
USB Wireless Modems
USB Bar Code Readers

USB Software / Hardware Encryption Dongles

USB Medical applications.

2.1 Driver Support

Royalty-Free VIRTUAL COM PORT (VCP)

DRIVE

RS for:
Windows 7 32,64-bit
Windows Vista
Windows XP 32,64-bit
Windows XP Embedded

Windows 98, 98SE, ME, 2000, Server 2003,
XP and Server 2008

Windows CE.NET 4.2, 5.0 and 6.0
MAC 0S 05-X

Linux 2.4 and greater

Cellular and Cordless Phone USB data transfer cables and interfaces

Royalty-Free D2XX Direct Drivers (USB Drivers +
DLL S/W Interface):

Windows 7 32,64-bit
Windows Vista
Windows XP 32,64-bit
Windows XP Embedded.

Windows 98, 98SE, ME, 2000, Server 2003,
XP and Server 2008

Windows CE.NET 4.2, 5.0 and 6.0
MAC 0OS 0S-X

Linux 2.4 and greater

The drivers listed above are all available to download for free from www.ftdichip.com. Various 3™
Party Drivers are also available for various other operating systems - visit www.ftdichip.com for

details.

© Copyright 2005-2011 Future Technology Devices International Ltd
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iha UM232R has the following features:

0 ]

-

-

Single chip USB to UART synchronous serial
data transfer interface

Entire USB protocol handled on the chip -
No USB-specific firmware programming
required.

UART interface support for 7 or 8 data bits,
1 or 2 stop bits and odd / even / mark /
space / no parity.

Fully assisted hardware or X-On / X-Off
software handshaking.

Data transfer rates from 300 baud to 3
Megabaud (RS422 / RS485 and at TTL
levels) and 300 baud to 1 Megabaud
(R5232).

FTDI's royalty-free VCP and D2XX drivers
eliminate the requirement for USB driver
development in most cases.

In-built support for event characters and
line break condition.

USB FTDIChip-ID™ feature.
Configurable CBUS I/O pins.

Auto transmit buffer control for RS485
applications.

Transmit and receive LED drive signals.
New 48MHz, 24MHz, 12MHz, and 6MHz

clock output signal Options for driving
external MCU or FPGA.

Receive and transmit buffers for high data
throughput.

Adjustable receive buffer timeout.

Synchronous and asynchronous bit bang
mode interface options with RD# and WR#
strobes.

Mew CBUS bit bang mode option.
Support for USB suspend and resume.

[ntegrated 1024 bit internal EEPROM for
storing USB VID, PID, serial number and
product description strings, and CBUS 1I/O
configuration.

Device supplied preprogrammed with
unique USB serial number.

Support for bus powered, self powered,
and high-power bus powered USB
configurations.

On board jumper allows for selection of USB
bus powered supply or self powered
supply.Integrated 3.3V level converter for
USB 1/0.

Integrated level converter on UART and
CBUS for interfacing to 5V — 1.8V Logic.

On board jumper allows for selection of
UART and CBUS interface 10 voltage.

True 5V / 3.3V / 2.8V / 1.8V CMOS drive
output and TTL input.

High I/0 pin output drive option.
Integrated USB resistors.
Integrated power-on-reset circuit.

Fully integrated clock — no external crystal,
oscillator, or resonator required.

_Fully integrated AVCG supply filtering - No
separate AVCC pin and no external R-C
filter required.

UART signal inversion option.

USB bulk transfer mode.

+4.0V to +5.25V Single Supply Operation.
Low operating and USB suspend current.

Low USB bandwidth consumption.

UHCI / OHCI / EHCI host controller
compatible

USB 2.0 Full Speed compatible.

-40°C to 85°C extended operating
temperature range.

Supplied in PCB designed to fit a standard
15.0mm (0.6") wide 24 pin DIP socket.
Pins are on a 2.60mm (0.1") pitch.

On board USB ‘B’ socket allows module to
be connected to a PC via a standard A to B
USB cable.

©® Copyright 2005-2011 Future Technology Devices International Ltd
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2 FT232RL Features and Enhancement

3.1 Key Features

This section summarises the key features and enhancements of the FT232RL IC device which is used on the
UM232R Module. For further details, consult the FT232R datasheet, which is available from
www.ftdichip.com.

Integrated Clock Circuit — Previous generations of FTDI's USB UART devices required an external crystal
or ceramic resonator. The clock circuit has now been integrated onto the device meaning that no crystal or
ceramic resonator is required. However, if preferred, an external 12MHz crystal can be used asthe clock
source. Note that the UM232R does not provide access to these pins on the FT232R device.
Integrated EEPROM - Previous generations of FTDI's USB UART devices required an external EEPROM if
the device were to use USB Vendor ID (VID), Product ID (PID), serial number and product description
strings other than the default values in the device itself. This external EEPROM has now been integrated
onto the FT232R chip meaning that all designs have the option to change the product description strings. A
user area of the internal EEPROM is available for storing additional data. The internal EEPROM is
~roarammable in circuit, over USB without any additional voltage requirement.
Preprogrammed EEPROM - The FT232R is supplied with its internal EEPROM pre-programmed with a
serial number which is unique to each individual device. This, in most cases, will remove the need to
program the device EEPROM.
Integrated USB Resistors — Previous generations of FTDI's USB UART devices required two external
series resistors on the USBDP and USBDM lines, and a 1.5 kQ pull up resistor on USBDP. These three
resistors have now been integrated onto the device.
Integrated AVCC Filtering - Previous generations of FTDI's USB UART devices had a separate AVCC pin -
the supply to the internal PLL. This pin required an external R-C filter. The separate AVCC pin is now
connected internally to VCC, and the filter has now been integrated onto the chip.
Less External Components — Integration of the crystal, EEPROM, USB resistors, and AVCC filter will
substantially reduce the bill of materials cost for USB interface designs using the FT232R compared to its
FT232BM predecessor.
Configurable CBUS I/0 Pin Options - There are now 5 configurable Control Bus (CBUS) lines. Options
are TXDEN - transmit enable for RS485 designs, PWREN# - Power control for high power, bus powered
designs, TXLED# - for pulsing an LED upon transmission of data, RXLED# - for pulsing an LED upon
receiving data, TX&RXLED# - which will pulse an LED upon transmission OR reception of data, SLEEP# -
indicates that the device going into USB suspend mode, CLK48 / CLK24 / CLK12 / CLK6 - 48MHz,
24MHz,12MHz, and 6MHz clock output signal options. There is also the option to bring out bit bang mode
read and write strobes (see below). 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 9 for details.
Enhanced Asynchronous Bit Bang Mode with RD# and WR# Strobes — The FT232R supports FTDI's
EM chip 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 I1/0 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
prescaler). With the FT232R device this mode has been enhanced so that the internal RD# and WR#
strobes are now brought out of the device 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.
Synchronous Bit Bang Mode = Synchronous bit bang mode differs from asynchronous bit bang mode in
chat the interface pins are only read when the device is written to. Thus making it easier for the controlling
»aram to measure the response to an output stimulus as the data returned is synchronous to the output
dzta, The feature was previously seen in FTDI's FT2232C device. This option will be described more fully in
a separate application note.
CBUS Bit Bang Mode - This mode allows four of the CBUS pins to 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 four general purpose 1/0 pins which are available during normal operation. An
application note describing this feature is available separately from www.ftdichip.com.
Lower Supply Voltage - Previous generations of the chip required 5V supply on the VCC pin. The FT232R
will work with a VCC supply in the range 4.0V to 5.25V. Bus powered designs would still take their supply
from the 5V on the USB bus.
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Integrated Level Converter on UART Interface and Control Signals — VCCIO pin supply can be from
1.8V to 5V. Connecting the VCCIO pin to 1.8V, 2.8V, or 3.3V allows the device to directly interface to 1.8V,
2.8V or 3.3V and other logic families without the need for external level converter I.C. devices.

5V / 3.3V / 2.8V / 1.8V Logic Interface — The FT232R provides true CMOS Drive Outputs and TTL level
Inputs.

Integrated Power-On-Reset (POR) Circuit- The device incorporates an internal POR function. A RESET#
pin is available in order to allow external logic to reset the FT232R where required. However, for many
applications the RESET# pin can be left unconnected, or pulled up to VCCIO.

Lower Operating and Suspend Current — The device operating supply current has been further reduced
to 15mA, and the suspend current has been reduced to around 70pA. This allows greater margin for
peripheral designs to meet the USB suspend current limit of S00pA. .

Low USB Bandwidth Consumption - The operation of the USB interface to the FT232R has been
designed to use as little as possible of the total USB bandwidth available from the USB host controller.
High Output Drive Option = The UART interface and CBUS I/O pins can be made to drive out at three
times the standard slgnal drive level Lhus allowing mulliple devices Lo be diiven, o devices that require
greater signal drive strength to be interfaced to the FT232R. This option is enabled in the internal EEPROM,
Power Management Control for USB Bus Powered, High Current Designs - The PWREN# signal can
be used to directly drive a transistor or P-Channel MOSFET in applications where power switching of
external circuitry is required. An option in the internal EEPROM makes the device gently pull down on its
UART interface lines when the power is shut off (PWREN# is high). In this mode any residual voltage on
external circuitry is bled to GND when power is removed, thus ensuring that external circuitry controlled by
PWREN# resets reliably when power is restored.

UART Pin Signal Inversion — The sense of each of the eight UART signals can be individually inverted by
setting options in the internal EEPROM. Thus, CTS# (active low) can be changed to CTS (active high), or
TXD can be changed to TXD#.

FTDIChip-ID™ - Each FT232R is assigned a unique number which is burnt into the device at manufacture.
This ID number cannot be reprogrammed by product manufacturers or end-users. This allows the possibility
of using FT232R based dongles 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 describing this feature is available
separately from www.ftdichip.com.

Improved EMI Performance — The reduced operating current and improved on-chip VCC decoupling
significantly improves the ease of PCB design requirements’in order to meet FCC, CE and other EMI related
specifications.

Programmable Receive Buffer Timeout — The receive buffer timeout is used to flush remaining data
from the receive buffer. This time defaults to 16ms, but is programmable over USB in 1ms increments from
1ms to 255ms, thus allowing the device to be optimised for protocols that require fast response times from
short data packets.

Baud Rates — The FT232R supports all standard baud rates and non-standard baud rates from 300 Baud
up to 3 Megabaud. Achievable non-standard baud rates are calculated as follows ~Baud Rate = 3000000 /
(n + x) where 'n’ can be any integer between 2 and 16,384 (= 2'*) and 'x’ can be a sub-integer of the
value 0, 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, or 0.875. When n = 1, x = 0, i.e. baud rate divisors with
values between 1 and 2 are not possible. This gives achievable baud rates in the range 183.1 baud to
3,000,000 baud. When a non-standard baud rate is required simply pass the required baud rate value to
the driver as normal, and the FTDI driver will calculate the required divisor, and set the baud rate. See
FTDI application note AN232B-05 for more details.

Extended Operating Temperature Range — The FT232R operates over an extended temperature range
of -409 to +85° C thus allowing the device to be used in automotive and industrial applications.

Package Options - The FT232R is available in two packages - a compact 28 pin SSOP ( FT232RL) and an
ultra-compact 5mm x 5mm pinless QFN-32 package ( FT232RQ). Both packages are lead ( Pb ) free, and
use a ‘green’ compound. Both packages are fully compliant with European Union directive 2002/95/EC.
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4 1UM232R Pin Out and Signal Descriptions
4,1 UM232R Pin Out

UM232R © FTDI 2005 {TUM23ZR €Y FT

oL 5h+( 1R

TXD 1 [CH 924 GND T

DTR# CBO _5_.

RTS# CB1 fae

VIO voe =

RXD RST =
=

RI# 3v3 =

GND CB3 o=

DSR# PU1

DCD# PU2

CTS# VCC

cB4 : USB

cB2 128 13 SLD

Figuira 4.1 Module Pin Out and Jumper Locations

© Copyright 2005-2011 Future Technology Devices International Ltd



Document Reference No.: FT_000051

FTDI UM232R USB - Serial UART Development Module

Datasheet Version 1.1

H Clearance No.: FTDI# 125
Chip

4.2 Signal Descriptions

i

Description.

S

1 TXD Output | Transmit Asynchronous Data Output.*

2 DTR# Output Data Terminal Ready Control QOutput / Handshake Signal.*

3 RTS# Qutput Request to Send Control Output / Handshake Signal.*

+1.8V to +5.25V supply to the UART Interface and CBUS 1/0 pins (1...3, 5, 6, 9...14,
22, 23).

In USB bus powered designs connect to 3V3 to drive out at 3.3V levels (connect jumper
i J1 pins 1 and 2 together), or connect to VCC to drive out at 5V CMOS level (connect

| VIO PWR jumper J1 pins 2 and 3 together). This pin can also be supplied with an external 1.8V -
2.8V supply in order to drive out at lower levels, 1t 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.

5 RXD Input Receiving Asynchronous Data Input.®
Ring Indicator Control Input. When remote wake up is enabled in the internal EEPROM

6 RI# Input taking RI# low >20ms can be used to resume the PC USB host controller from
suspend.*

7, 24 GND PWR Module Ground Supply Pins 3

8 | bsr# Input Data Set Ready Control Input / Handshake Signal.*

9 DCD# Input Data Carrier Detect Control Input.

10 CTS# Input Clear To Send Control Input / Handshake Signal.*

11 CB4 1/0 Configurable CBUS I/0 Pin. Function of this pin is configured in the device internal
EEPROM. Factory Default pin function is SLEEP#. See CBUS Signal Options, Table 4.4.*

12 CB2 1/0 Configurable CBUS I/0 Pin. Function of this pin is configured in the device internal
EEPROM. Factory Default pin function is TXDEN. See CBUS Signal Options,Table 4.4.*

13 SLD GND USB Cable Shield. |

5V Power output USB port. For a low power USB bus powered design, up to 100mA can
14 usB Output | be sourced from the 5V supply on the USB bus. A maximum of 500mA can be sourced
from the USB bus in a high power USB bus powered design.

These two pins are internally connected on the module PCB. To power the module from
the 5V supply on USB bus connects jumper J2 pins 1 and 2 together (this is the module
default configuration). In this case these pins would have the same description as pin

15,21 | vec POVLYtF;:tr 14,
To use the UM232R module in a self powered configuration ensure that jumper J2 pins
1 and 2 are not connected together, and apply an external 4.0V to 5.25V supply to one
of these pins.

17 PU1 Corel Pull up resistor pin connection 2. Connect to pin 20 (RST#) in a self powered
configuration.

| 1 Pull up resistor pin connection 1. Connect to pin 14 (USB) in a self powered

= P2 Control configuration.
Configurable CBUS I/0 Pin. Function of this pin is configured in the device internal

18 CB3 1/0 EEPROM. Factory Default pin Function is PWREN#. See CBUS Signal Options, Table

4.4.*

3.3V output from integrated L.D.O. regulator. This pin is decoupled to ground on the
module pcb with a 10nF capacitor. The prime purpose of this pin is to provide the
internal 3.3V supply to the USB transceiver cell and the internal 1.5kQ pull up resistor
19 3v3 Output | ©n 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 FT232RL’s VCCIO pin by connecting this pin to
pin 4 (VIO), or by connecting together pins 1 and 2 on jumper J1.
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Can be used by an external device to reset the FT232R. If not required can be left
unconnected, or pulled up to VCCIO.

Configurable CBUS I/0 Pin. Function of this pin is configured in the device internal

22 CB1 1/0 EEPROM., Factory Default pin Function is RXLED#. See CBUS Signal Options, Table
4.4.*
23 CBO 1/0 Configurable CBUS I/0 Pin. Function of this pin is configured in the device internal

EEPROM. Factory Default pin Function is TXLED#. See CBUS Signal Options,Table 4.4.*
Table 4.1Module Pin Out Description :

* When used in Sﬁspend, these 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,

4.3 Jumper Configuration Options

Output | Connect this pin to pin 2 to create 3V3 I/0.

2 VIO PWR - | Input Pin for Chip VCCIO

3 VCC PWR Connect this pin to pin 2 to create 5V I/O
er J1 Pin Description

SreER pe
A
5V Power output USB port. For a low power USB bus power design, up to 100mA can
1 usB PWR be sourced from the 5V supply on the USB bus. A maximum of 500 mA can be sourced
from the USB bus in a high power USB bus powered design.

Board supply input. Connect to jumper J2 pin 1 in order to supply the board from the

5 Vee PWR or USB bus.
Output | This pin is internally connected to the VCC DIP pins. Remove the jumper connector in a

self powered design.
Table 4.3 Jumper J2 Pin Description
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4.4 ©BUS Signal Options

The following options can be configured on the CBUS I/O pins. These options are all configured in the
internal EEPROM using the utility software FT_PROG, which can be downloaded from the www.ftdichip.com,
The default configuration is described in Section 9.

IXDEN# ggggg’ CRU=1, Colad, CRlat: Enable transmit data for RS485
Goes low after the device is configured by USB, then high
PWREN# CBUSO, CBUS1, CBUS2, CBUS3, during USB suspend. Can be used to control power to
CBUS4 external logic in high power designs. Needs 10k pull up to
B VCC. -
LED # CBUSO, CBUS1, CBUS2, CBUS3, Transmit data LED drive - pulses low when transmitting
. CBUS4 data via USB.
RXLED# CBUSO, CBUS1, CBUS2, CBUS3, Receive data LED drive - pulses low when receiving data
il CBUS4 via USB.
TXRRXLED# CBUSO, CBUS1, CBUS2, CBUS3, LED drive - pulses low when transmitting or receiving
4 CBUS4 5 data via USB. See
CBUSO, CBUS1, CBUS2, CBUS3, Goes low during USB suspend mode. Typically used to
SLEEP# CBUS4 power down an external TTL to RS232 level converter I.C.
in USB to R$232 converter designs.
CLKAS ggggg, PoUSLLLBIS RGOSy 48MHz Clock output.
1
CLK24 e O P AN PN/ 24 MHz Clock output.
QK12 o [ P 12 MHz Clock output,
CLK6 gg"dgg’ LS Y B OB 6 MHz Clock output.
CBUS bit bang mode option. Allows up to 4 of the CBUS
pins to be used as general purpose 1/0. Configured
individually for CBUSO, CBUS1, CBUS2 and CBUS3 in the
ChitBangl/0 CRUSGCBUSL, CBUGCRYS3 internal EEPROM, A separate application note will describe
in more detail how to use CBUS bit bang mode.
| (www.ftdichip.com)
N Synchronous and asynchronous bit bang mode WR#
BitBangWRn CBUSO, CBUS1, CBUS2, CBUS3 strobe Output.
i Synchronous and asynchronous bit bang mode RD#
.BttBangRDn CBUSO, CBUS1, CBUS2, CBUS3 strobe Dlitrik

Table 4,4 CBUS Signal Options

© Copyright 2005-2011 Future Technology Devices International Ltd
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Figure 5.1 UM232R Module Dimensions

All dimensions are in millimetres, with inches in parenthesis.

The FT232RL is supplied in a RoHS compliant 28 pin SSOP package. The package is lead (Pb) free and uses
a ‘green# compound. The date code format is YYXX where XX = 2 digit week number, YY = 2 digit year

number.

The UM232R module uses exclusively lead free components, and are fully compliant with European Union
directive 2002/95/EC.

© Copyright 2005-2011 Future Technology Devices International Ltd 11
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“T232RL Device Characteristics and Ratings

.14 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.
Uni
-65°C to 150°C Degrees C
| Floor Life (Out of Bag) At Factory Ambient 108 Flodes
BT Hours
(30°C / 60% Relative Humidity) e i el kevel 2
Mo Compliant)
g_f_\_u 1bient Temperature (Power Applied) -40°C to 85°C Degrees C
VCC Supply Voltage -0.5 to +6.00 1Y
D.C, Input Voltage — USBDP and USBDM -0,5to +3.8 \4
D.C. Input Voltage - High Impedance X
Bidirectionals 0.5 to[F (VEOUHDS) ¥
D.C. Input Voltage - All Other Inputs -0.5 to + (VCC +0.5) 3 v
D.C. Output Current - Qutputs 24 mA
D(; Ou'tput Current - Low Impedance 24 B
| Bidirectionals
| Power Dissipation (VCC = 5.25V) 500 mw

rable 6.1 Absolute Maximum Ratings

“ If devices are stored out of the packaging beyond this time limit the devices should be baked before use.

Tha devices should be ramped up to a temperature of 125°C and baked for up to 17 hours.

+.2. DC Characteristics

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

VCC1 VCC Operating Supply Voltage 4.0 —== 325 vV
VCCIO Operating Supply OF
_VCCZV | voltage 1.8 5.25 Y
| Teed. Operating Supply Current === 15 i mA Normal Operation
i Icc2 Operating Supply Current 50 70 100 pA | USB Suspend

lable 6.2 Operating Voltage and Current

Rocause the UM232R module does not provide access to the OSCI and OSCO pins, the VCC range of this
module has a minimum value of +4.0V. The FT232R device on this module is capable of operating down to
-13,3V but its internal oscillator is only specified for operation down to +4.0V and so an external crystal
must be used when VCC is in the range +3.3V to +4.0V.

© “opyright 2005-2011 Future Technology Devices International Ltd - 12
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: ﬁdﬁ%ﬁg‘m éﬁndtti‘o;;
Voh Qutput Voltage High 3:2 4.1 4.9 V I source = 2mA
Vol Output Voltage Low 0.3 0.4 0.6 V I sink = 2mA
Vin Input Switching Threshold 1.3 1.6 1.9 vV ks
Vhys Input Switching Hysteresis 50 55 60 mV A
Table 6.3 UART and CBUS I/O Pin Characteristics (VCCIO = 5.0V, Standard Drive Level)

~ |- Minim mum
Im Voh Qutput Voltage High 2.2 2.7 3.2 \' I source = 1mA
Vol Output Voltage Low 0.3 0.4 0.5 \' I sink = 2mA
Vin Input Switching Threshold 1.0 1:2 .S \ i
___Vhys Input Switching Hysteresis 20 25 30 mV ey
Tabie 6.4 UART and CBUS I/0 Pin Characlerislics (VCCIO — 3.3V, Standard Drive Level)

K
scriptio

LRGSR
Eé%dltlon

Voh Output Voltage High 2.1 I source = 1mA
Vol Output Voltage Low 0.3 0.4 0.5 v I sink = 2mA
Vin Input Switching Threshold 1.0 N2 ik e 1 AF
___Vhys Input Switching Hysteresis 20 25 30 mV **
Table 6.5 UART and CBUS I/0 Pin Characteristics (VCCIO = 2.8V, Standard Drive Level)
:?[%%Erﬂr:e:er béi;érsptfon AT b St
1_ _Voh Output Voltage High 3.2 4.1 4.9 \Y% I source = 6mA
L Vol Output Voltage Low 0.3 0.4 0.6 Vv I sink = 6mA
‘ Vin Input Switching Threshold 53 1.6 1.9 \ '~
l Vhys Input Switching Hysteresis 50 55 60 mv A
Tabla 6.6 UART and CBUS I/0 Pin Characteristics (VCCIO = 5.0V, High Drive Level)
___Voh Output Voltage High I source = 3mA
Voi Output Voltage Low 0.3 0.4 0.6 v I sink = 8mA
Vin Input Switching Threshold 1.0 1.2 S vV i
| Input Switching Hysteresis 20 25 30 mV i

Tahle 6.7 UART and CBUS I/0 Pin Characteristics (VCCIO = 3.3V, High Drive Level)

© Copyright 2005-2011 Future Technology Devices International Ltd
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yplc;h " Conditions
Voh Output Voltage High 2.1 2.8 3.2 ) 1 source = 3mA
Vol Qutput Voltage Low 0.3 0.4 0.6 ) I sink = 8mA
Vin Input Switching Threshold 1.0 1.2 1.5 vV ki
Vhys Input Switching Hysteresis 20 25 30 mV *x

Table 6.8 UART and CBUS I/0 Pin Characteristics (VCCIO = 2.8V, High Drive Level)

** Inputs have an internal 200kQ2 pull-up resistor to VCCIO

M

" parameter. | Descriptio Typical ||
Vin Input Switching Threshold 1.3 1.6 1.9 V
Vhys Input Switching Hysteresis 50 55 60 mV
Table 6.9 RESET# and TEST Pin Characteristics
bl 0 et DR OB R PR
 Parameter | Description " Conditions
RI = 1.5kQ to 3V30ut
Uvoh I/0 Pins Static Output (High) 2.8 - 3.6 \ (D+) RI = 15KQ to GND
(0-)
RI = 1,5k to 3V30ut
Uvol 1/0 Pins Static Output (Low) 0 LS 0.3 v (D+) RI = 15k to GND
(D)
Uvse Single Ended Rx Threshold 0.8 -—- 2.0 \
Ucom Differential Common Mode 0.8 -—= 2.9 \Y
UVDif Differential Input Sensitivity 0.24 === o \'
UdrvZ Driver Output Impedance 26 29 44 Ghms ] & *

Table 6.10 USB I/0 Pin (USBDP, USBDM) Characteristics

*%* Driver Output Impedance includes the internal USB series resistors on USBDP and USBDM

pins

© Copyright 2005-2011 Future Technology Devices Interpational Ltd
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5.3 EEPROM Reliability Characteristics

The internal 1024 bit EEPROM has the following reliability characteristics:

R iy
\ Parametel .Igﬁ\ifalﬂ .

Data Retention 15 Years
| Read / Write Cycle 100,000 Cycles

Table 6,11 EEPROM Characteristics

5.4 Internal Clock Characteristics

I'he internal Clock Oscillator has the following characteristics:

Frequency of Operation 12.02 MHz
_Clock Period 83.47 ns
| Duty Cycle 45 50 55 %

rable 6.12 Internal Clock Characteristics

© Copyright 2005-2011 Future Technology Devices International Ltd 15



Document Reference No.: FT_000051

FTDI UM232R USB - Serial UART Development Module

Datasheet Version 1.1

Ch- " Clearance No.: FTDI# 125
ip

7 M™Module Configurations

7.1 BUS Powered Configuration

C
@

2
°
L]
-
9
2
®
2

@ © € ¢ & ¢ O @ @

Figure 7.1 Bus Powered Configuration

Figure 7.1 illustrates the UM232R module in a typical USB bus powered design configuration. This can easily
= done by fitting the jumper link on J2, as shown above. The UM232R is supplied in this configuration by

default.

A 1USB 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 must draw no more than 100mA.
iy On USB suspend the device must draw no more than 500pA.

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 500pA
on USB suspend.

v, A device that consumes more than 100mA cannot be plugged into a USB Bus Powered Hub.
v) No device can draw more that 500mA from the USB Bus.

Tnterfacing the UM232R module to a microcontroller (MCU), or other logic for a bus powered design would
be done in exactly the same way as for a self powered design (see Section 7.2), except that the MCU or
external logic would take its power supply from the USB bus (either the 5V on the USB pin, or 3.3V on the
3V3 pin).

@ Copyright 2005-2011 Future Technology Devices International Ltd 16
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Vee = 3.3V -5V Vee = 4.0V -5V
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UM232R © FTDI 2008

TZEZLd

MCU

Figure 7.2 Self-Powered Configuration

Figure 7.2 illustrates the UM232R in a typical USB self powered configuration. In this case the link on
jumper J2 is removed, and an external supply is connected to the module VCC pins. Figure 7.2 illustrates a
self powered design which has a 4.0V - 5V supply.

A USB Self Powered device gets its power from its own power supply and does not draw current from the
USB bus. The basic rules for USB Self powered devices are as follows:

i} A Self Powered device should not force current down the USB bus when the USB Host or Hub
Controller us powered down.

ii) A Self Powered Device can use as much current as it likes 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 and both Bus and Self Powered USB Hub. In
this case the power descriptor in the internal EEPROM should be programmed to a value of zero (self
powered).

1 ordler to meet requirement (i) the USB Power is used to control the RESET# Pin of the FT232R device.
VWhen the USB Host or Hub is powered up the internal 1.5kQ resistor on USBDP is pulled up to 3.3V, thus
lczentifylng the devices as a full speed device to USB. When the USB Host or Hub Power is off, RESET# will
go low and the device will be held in reset. As RESET# is low, the internal 1.5kQ resistor will not be pulled
up to 3.3V, so no current will be forced down USBDP via the 1.5kQ pull-up resistor when the host or hub is
powered down,

To do this pin 14 (USB) is connected to PU2 and PU1 is connected to RST#. Failure to do this may cause
some USB host or hub controllers to power up erratically.

Note: When the FT232R is in reset, the UART interface pins all go tri-state. These pins have internal 200kQ
pull-up resistors to VCCIO, so they will gently pull high unless driven by some external logic.

@© Copyright 2005-2011 Future Technology Devices International Ltd 17
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Figure 7.2 is also an example of interfacing the FT232R to a Microcontroller (MCU) UART interface. This
example uses TXD and RXD for transmission and reception of data and RTS# / CTS# hardware
nandshaking.

Optionally, RI# can be connected to another I/O pin on the MCU and could be used to wake up the USB
host controller from suspend mode. One of the CBUS pins could be configured as a 6/12/24/48 MHz clock
output which can be used to clock the MCU. If the MCU is handling power management functions, then a
CBUS pin can be configured as PWREN# and should also be connected to an I/O pin of the MCU.
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7.2 USB Bus Powered with Power Switching Confiduration

P-Channel Power
MOSFET

UM232R © FTDI 2008 . [0.1uF

1.2 3
o NN

Circuit

MCU

Figure 7.3 Bus Powered with Power Switching Configuration

USB Bus Powered circuits need to be able to power down in USB suspend mode in order to meet the
<=500pA total USB suspend current requirement (including external logic). Some external can power itself
down into a low current state by monitoring the PWREN# signals For external logic that cannot power itself
down in this way the FT232R provides a simple but effective way of turning off power to external circuitry

during USB suspend.

Figure 7.3 shows how to use a discrete P-Channel Logic Level MOSFET to control the power to external logic
circuits. A suitable device would be an International Rectifier (www.irf.com) IRLML6402, or equivalent. It is
recommended that a “soft start” circuit consisting of a 1kQseries resistor and a 0.1pF capacitor are used to
limit the current surge when the MOSFET turns on. Without the soft start circuit there is a danger that the
transient power surge of the MOSFET turning on will reset the FT232R, or the USB host / hub controller.
The values used here allow attached circuitry to power up with a slew rate of ~12.5V per millisecond, in
other words the output voltage will transition from GND to 5V in approximately 400 microseconds.

Alternatively, a dedicated power switch 1.C. with inbuilt “soft-start” can be used instead of a MOSFET. A
suitable power switch I.C. for such an application would be a Micrel (www.micrel.com) MIC2025-2BM or

equivalent.

Please note the following points in connection with power controlled designs:

i) The logic to be controlled must have its own reset circuitry so that it will automatically reset itself
when power is applied on coming out of suspend.

ii) Set the Pull-down on Suspend option in the internal EEPROM.
iii) One of the CBUS Pins should be configured as PWE# in the internal EEPROM, and should be used to
switch the power supply to the external circuitry.

iv) For USB high-power bus powered device (one that consumes greater than 100mA, and up to 500mA
of current from the USB bus), the power consumption of the device should be set in the max power
field in the internal EEPROM. A high-power bus powered device must use this descriptor in the
internal EEPROM to inform the system of its power requirements.

© Copyright 2005-2011 Future Technology Devices International Ltd 19
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v) For 3.3V power controlled circuits the FT232R’s VCCIO pin must not be powered down with the
external circuitry (the PWREN# signal gets its VCC supply from VCCIO). Either connects the power
switch between the output of the 3.3V regulator and the external 3.3V logic or power VCCIO from the
3V30UT pin of the FT232R.

© Copyright 2005-2011 Future Technology Devices International Ltd 20
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7.4 Bus Powered with 3.3V Logic Drive / I0 Supply Voltage

UMZ232R © FTDI 2008

19203
U 8 8 |

Figure 7.4 USB Bus Powered 3.3V Logic Drive

Figure 7.4 shows a configuration where a jumper switch is used to allow the FT232R to be interfaced with a
3,3V or 5V logic devices. The FT232R’s VCCIO pin is either supplied with 5V from the USB bus (connect
tngether pins 2 and 3 in J1), or with 3.3V from the FT232R’s 3V30UT pin (connect together pins 1 and 2 on
J1 as shown) the supply to UM232R’s 3V3 pin can also be used to supply up to 50mA to external Iogic.

Please note the following in relation to bus powered designs of this type:

i) PWREN# or SLEEP' signals should be used to power down external logic during USB suspend mode, in
order to comply with the limit of 500 pA. If this is not possible, use the configuration shown in Section

i) The maximum current source from USB Bus during normal operation should not exceed 100mA,
otherwise a bus powered design with power switching (Section 7.3) should be used.

Another possible configuration would be to use a discrete low dropout regulation which is supplied by the
5V on the USB bus to supply 2.8V - 1.8V to the VIO pin and to the external logic. VCC would be supplied
with the 5V from the USB bus (available from the module’s USB pin). With VIO connected to the output of
the low dropout regulator, this will cause the FT232R 1/0 pins to drive out at 2.8V - 1.8V logic levels.

For USB bus powered circuit some considerations have to be taken into account when selecting the

regulator:

The regulator must be capable of sustaining its output voltage with an input voltage of 4.35V. A Low Drop
Out {L.D.0O.) regulator must be selected.

The quiescent current of the regulator must be low in order to meet the USB suspend total current
requirement of <= 500 pA during USB suspend.

An exampie of a regulator family that meets these requirements is the MicroChip / Telcom TC55 Series of
devices (www.microchip.com). These devices can supply up to 250mA current and have a quiescent current
of under 1 pA.

© Copyright 2005-2011 Future Technology Devices International Ltd 21
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2 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 values programmed into the internal EEPROM in the
FT232RL used on the UM232R are shown in Table 8.1.

Parameter

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 programmed into
S e S the EEPROM during final test of the UM232R module.
b it i o Enabling this option will make the device pull down on the
] f::‘,f; deor:;n e Disabled UART interface lines when the power is shut off (PWREN#
| =U=F is_high).
! Manufacturer Name FTDI
{
é Product Description UM2325'Z:]J§B Vs
| Max Bus Power Current 100mA

_Power Source

Bus Powered

]

| Device Type FT232R
5 Returns USB 2.0 device description to the host. Note: The
| USB Version 0200 device is be a USB 2.0 Full Speed device (12Mb/s) as
opposed to a USB 2.0 High Speed device (480Mb/s).
| Remote Wake Up Ehkblad Taking RI# low will wake up the USB host controller from
i suspend.
High Current/@s Bizatled EPnaSbles the high drive level on the UART and CBUS I/O
| Load VCP Driver Enabled Mak_es the device load the CVP driver interface for the
! device.
| CBUSO TXLED # Default configuration of CBUSO - Transmit LED drive.
CBUS1 RXLED# Default configuration of CBUS1 - Receive LED drive.
I Default configuration of CBUS2 - Power enable. Low after
ceuS2 PARENE USB enumeration, high during USB suspend.
Default configuration of CBUS3 - Power enable. Low after
CBUS3 RVREN# USB enumeration, high during USB suspend.
Default configurations of CBUS4 - Low during USB
CBUS4 SLEEP# 160
|
i Invert TXD Disabled Signal on this pin becomes TXD# if enable.
;__;s":vert 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 9.1 Default Internal EEPROM Configuration

© Copyright 2005-2011 Future Technology Devices International Ltd
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The internal EEPROM in the FT232R can be programmed over USB using the utility program FT_PROG.

T _PROG can be downloaded from the www.ftdichip.com. 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
PlDs, Contact FTDI Support (supportli@ftdichip.com) for this service.

© Copyright 2005-2011 Future Technolegy Devices International Ltd 24
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Description

The Thorlabs FD510X10, silicon photodiode is ideal for measuring both pulsed and CW fiber light with
sensitivity from 340 to 1100 nm. The detector is housed in a ceramic package with an anode and
cathode connection. Under reverse bias application, the photodiode anode produces a current, which is
a function of the incident light power and the wavelength. The responsivity R(A), can be read from
Figure 1 to estimate the amount of photocurrent per incident light energy. The photodiode current can
be converted to a voltage by placing a load resistor (R.) between the photodiode anode and the circuit

ground. The output voltage is derived as:

The bandwidth, fgy, and the rise time response, tg, are determined from the diode capacitance, C,,
and the load resistance, R;, as shown below. The diode capacitance can be lowered by placing a bias

Vo=PXRXR,

voitage from the photodiode cathode to the circuit ground.

FDS10X10

5 /4 1 035
4 fow = G@oric, R i~
Specifications
Wavelength Range A 340 - 1100 nm
Peak Wavelength Ao 960 nm E—
Responsivity R(Ap) 0.62 A/W
Active Area 100 mm’
Rise/Fall Time (R =500, 5V) t/ty 150 ns / 150 ns
NEP, Typical (1550 nm) W//Hz 1.50 x 10"
Dark Current (5 V) Iy 200 pA
Capacitance (5 V) G 380 pF
Package Ceramic

Sensor Material

Silicon (Si)

Max BTas (Reverse) Vole

5V

Operating Temperature

-40 to +75 °C

Storage Temperature

-55 to +125 °C

70 4443
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Precautions and Warranty Information

These products are ESD (electro static discharge) sensitive and as a result are not covered under
warranty. In order to ensure the proper functioning of a photodiode care must be given to maintain the
highest standards of compliance to the maximum electrical specifications when handling such devices.

; The photodiodes are particularly sensitive to any value that exceeds the absolute maximum ratings of
the product. Any applied voltage in excess of the maximum specification will cause damage and
possible complete failure to the product. The user must use handling procedures that prevent any
electro static discharges or other voltage surges when handling or using these devices.

Thorlabs, Inc. Life Support and Military Use Application Policy is stated below:

THORLABS’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS OR IN ANY MILITARY APPLICATION WITHOUT THE EXPRESS WRITTEN APPROVAL OF
THE PRESIDENT OF THORLABS, INC. As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose failure to perform, when properly used in
accordance with instructions for use provided in the labelmg, can be reasonably expected to result in
a significant injury to the user.

2. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its
safety or effectiveness.

T T T T P R R e T P R

2. The Thorlabs products described in this document are not intended nor warranted for usage in
Military Applications.

September 7,:2012
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wip Texas LM139, LM239, LM339

INSTRUMENTS LM139A, LM239A, LM339A
LM2901, LM2901AV, LM2901V
wwwr.tl.com SLCS0060—OCTOBER 1979-REVISED MAY 2009

QUAD DIFFERENTIAL COMPARATORS

FEATURES
» Single Supply or Dual Supplies ¢ Low Input Offset Current: 3 nA (Typ) (LM139)
» Wide Range of Supply Voltage e Low Input Offset Voltage: 2 mV (Typ)
-~ Max Rating: 2V to 36 V e Common-Mode Input Voltage Range Includes
~ Tested to 30 V: Non-V Devices Ground
. Tested to 32 V: V-Suffix Devices o Differential Input Voltage Range Equal to
> Low Supply-Current Drain Independent of Maximum-Rated Supply Voltage: £36 V
Supply Voltage: 0.8 mA (Typ) e Low Output Saturation Voltage
» Low Input Bias Current: 25 nA (Typ) e Output Compatible With TTL, MOS, and CMOS
LM139, LM139A. .. D, J, OR W PACKAGE LM139, LM139A. .. FK PACKAGE
LM239...D, N, OR PW PACKAGE (TOP VIEW)
LM239A... D PACKAGE ), (o
1.M339, LM339A. .. D, DB, N, NS, OR PW PACKAGE 33vaad
LM2901... D, N, NS, OR PW PACKAGE AR—-Zo
(TOP VIEW) \ T I Ty
3 212019
joutll1 ~ 1afjouTa Vﬁg %: ::E ggo
20UT[] 2 13]] OUT4
Vool 3 12f) aND 2IN- [16 16[] 4IN+
aN-[fa 1] ans 2I|:\Ilc %Z :iE :ﬁ_
2IN+[] 5 10[] 4IN- L 9 10 1112 13
1IN- | & 9] 3IN+ "'""”'“""“:1
1IN+ 7 8] 3IN- ez 2
™ ™M m

NC - Mo inter nal connection

DESCRIPTION/ORDERING INFORMATION

Thasae devices consist of four independent voltage comparators that are designed to operate from a single power
supply over a wide range of voltages. Operation from dual supplies also is possible, as long as the difference
between the two supplies is 2 V to 36 V, and V¢ is at least 1.5 V more positive than the input common-mode
voltage. Current drain is independent of the supply voltage. The outputs can be connected to other
open-collector outputs to achieve wired-AND relationships.

The LM139 and LM139A are characterized for operation over the full military temperature range of =55°C to
125°C. The LM239 and LM239A are characterized for operation from —25°C to 125°C. The LM339 and LM339A
ara characterized for operation from 0°C to 70°C. The LM2901, LM2901AV, and LM2901V are characterized for
operation from —40°C to 125°C.

i) Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
oL Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

FROCUCHOM DL inrnnivlcrt 18 2o cef st ol pLblicaduet fo Copyright © 1979-2009, Texas Instruments Incorporated
bl o L Wl On products compliant to MIL-PRF-38535, all parameters are
¥ P 9 tested unless otherwise noted. On all other products, production

sy nchice testing of.all peramaters. processing does not necessarily include testing of all parameters.



L1139, LM239, LM339
LM139A, LM239A, LM339A
LM2901, LM2901AV, LM2901V

SLCS0060-OCTOBER 1979—REVISED MAY 2009

i3 TEXAS
INSTRUMENTS

www.ti.com

ORDERING INFORMATION(

Viomax (2) ORDERABLE TOP-SIDE
Ta AT 25°C MAX Vec PACKRGE PART NUMBER MARKING
PDIP - N Tube of 25 LM339N LM339N
Tube of 50 LM339D
SOIC-D LM339
Reel of 2500 LM339DR
5 mV 30V SOP— NS Reel 0f 2000 | LM339NSR LM339
SSOP - DB Reel 0f 2000 | LM339DBR LM339
Tube of 90 LM339PW
TSSOP - PW 1339
Reel of 2000 | LM339PWR
0°C to 70°C :
PDIP - N Tube of 25 LM339AN LM339AN
Tube of 50 LM339AD
SOIC-D LM339A
Reel of 2500 | LM339ADR
2 mv 30V SOP — NS Reel 0f 2000 | LM339ANSR LM339A
SSOP — DB Reel 0f 2000 | LM339ADBR 1339A
Tube of 90 LM339APW
TSSOP — PW : L339A
Reel of 2000 | LM339APWR
PDIP = N Tube of 25 LM239N LM239N
Tube of 50 LM239D
. SOIC-D LM239
5 mV 30V Reel of 2500 | LM239DR
~25°C 10 85°C Tube of 90 LM239PW
TSSOP - PW 1239
Reel of 2000 | LM239PWR
Tube of 50 LM239AD
2 mv 30V SOIC -D LM239A
Reel of 2500 | LM239ADR
PDIP - N Tube of 25 LM2901N LM2901N
Tube of 50 LM2901D
SOIC - D LM2901
Reel of 2500 | LM2901DR
7mV 30V -
SOP—NS Reel 0f 2000 | LM2901NSR LM2901
Tube of 90 LM2901PW
—40°C to 125°C TSSOP - PW L2901
Reel of 2000 | LM2901PWR
) s SOIC-D Reel of 2500 | LM2901VQDR L2901V
= ,
TSSOP — PW Reel of 2000 | LM2901VQPWR L2901V
\ 0 SOIC - D Reel of 2500 | LM2901AVQDR L2901AV
m
TSSOP - PW Reel 0f 2000 | LM2901AVQPWR L2901AV
CFP-W Tube of 25 LM139W LM139W
colP-J Tube of 25 LM139J LM139J
5 my 30V LCCC - FK Tube of 55 LM139FK LM139FK
Tube of 50 LM139D
SOIC-D LM139D
Reel of 2500 | LM139DR
_55°C to 125°C
CFP-W Tube of 25 LM139AW LM139AW
colP—J Tube of 25 LM139AJ LM139AJ
2mv 30V LCCC - FK Tube of 55 LM139AFK LM139AFK
Tube of 50 LM139AD
SOIC-D LM139AD
Reel 0f 2500 | LM139ADR

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

2 Submit Documentation Feedback
Product Folder Link(s): LM139 LM239 LM339 LM139A LM239A LM339A LM2901 LM2901AV LM23901V

Copyright © 1979-2009, Texas Instruments Incorporated
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Wip Texas LM139A, LM239A, LM339A
INCTRUBENTS LM2901, LM2901AV, LM2901V
www.ti.com SLCS0060-0CTOBER 1979-REVISED MAY 2009

SYMBOL (EACH COMPARATOR)

IN+
out
IN-

SCHEMATIC (EACH COMPARATOR)

4 Vee
80-uA
Current
Regulator
IN+
ouT
IN-
GND
All current values shown are nominal.
Copyright © 1979-2009, Texas Instruments Incorporated Submit Documentation Feedback 3
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L1139, LM239A, LM339A WpTexas
1.M2901, LM2901AV, LM2901V
51050050 ~-OCTOBER 1979-REVISED MAY 2009 www.ti.com
ABSOLUTE MAXIMUM RATINGS™
over operating free-air temperature range (unless otherwise noted)
MIN MAX| UNIT
Vee Supply voltage® /| V
Vip Differential input voltage ® 36| V
Vi Input voltage range (either input) -0.3 36 A
Vo Output voltage 36 \
lo Output current " 20| mA
Duration of output short circuit to ground ) Unlimited
D package 86
DB package 96
0 Package thermal impedance, junction to free air®® N package 80| °C/W
NS package 76
PW package 113
FK package 561
00 Package thermal impedance, junction to case("(® J package 15.05| °C/W
W package 14.65
Ty Operating virtual-junction temperature 150 °C
Case temperalufé_fd—f—fio ] . FK package 260 °C
i Lead temperature 1,6 mm (1/16 in) from case for 60 s J package 300 °C
rt: - Storage temperature range —65 150 °c

(1) Siresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

) All voltage values, except differential voltages, are with respect to network ground.

) Differential voltages are at IN+ with respect to IN—,

1} Short circuits from outputs to Ve can cause excessive heating and eventual destruction.

) Maximum power dissipation is a function of T, (max), 6,4, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T (max) — Ta)/0,4. Operating at the absolute maximum T, of 150°C can affect reliability.

(8) The package thermal impedance is calculated in accordance with JESD 51-7.

(7) Maximum power dissipation is a function of T; (max), 8,c, and T¢. The maximum allowable power dissipation at any allowable case
temperature is Pp = (T, (max) — Tc)/6,c. Operating at the absolute maximum T, of 150°C can affect reliability.

Ihe package thermal impedance is calculated in accordance with MIL-STD-883.
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FELECTRICAL CHARACTERISTICS

at specified free-air temperature, Vgc = 5 V (unless otherwise noted)

LM139 LM139A
PARAMETER TEST CONDITIONS Tal? UNIT
MIN TYP MAX MIN TYP MAX
Vee=5Vio 30V, 25°C 2 5 1 2
Vio  Input offset voltage V¢ = Vicr min, mV
Vo=14V Full range 9 4
25°C 3 25 3 25
lio Input offset current Vo=14V nA
Full range 100 100
. 25°C -25 -100 -25 -100
s Input bias current Vg=14V nA
Full range =300 -300
0to Oto
25°C
Vg Common-mode Vec - 1.5 Ve —15 v
! input-voltage range ’
P 9 9 Full range 0to 0to
Vee -2 Vee -2
Large-signal r
Avo differential-voltage s el 25°C 200 50 200 VimyV
amplification o
i Vou=5V 25°C 0.1 0.1 nA
loy  High-level output current Vp=1V
Von =30V | Full range 1 1 pA
25°C 150 400 150 400
VoL Low-level output voltage Vip=-1V, oo =4 mA 3 mV
| Full range 700 700
loo  Low-level output current Vp=-1V, Vg =15V 25°C 6 16 6 16 mA
i Supply current o o
I_LC (four comparators) Vo =25V, Noload 25°C 0.8 2 0.8 2 mA

(1) Al characteristics are measured with zero common-mode input voltage, unless otherwise specified.

{?) Full range (MIN to MAX) for LM139 and LM139A is -55°C to 125°C. All characteristics are measured with zero common-mode input
voltage, unless otherwise specified.

(3) The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the
common-mode voltage range is Vecs — 1.5 V; however, one input can exceed Ve, and the comparator will provide a proper output
state as long as the other input remains in the common-mode range. Either or both inputs can go to 30 V without damage.

SWITCHING CHARACTERISTICS
\I‘CC =5 V, TA =25°C

LM139
PARAMETER TEST CONDITIONS LM139A | uNIT
TYP
) R, connected to 5 V through 5.1 kQ 100-mV input step with 5-mV overdrive 1.3
Response time - : s
R CL=15pFN@ TTL-level input step 0.3 K
(1) Cincludes probe and jig capacitance.
(?) The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
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1L.ZGTRICAL CHARACTERISTICS

at specified free-air temperature, Ve = 5 V (unless otherwise noted)

LM239 LM239A
PARAMETER TEST CONDITIONS () T LM339 LM339A UNIT
MIN TYP MAX MIN TYP MAX
Vee=5V 1030V, 25°C 2 5 1 3
V Input offset voltage Vic = Vigr Min, mV
£ P . v:)c= 1_5,:'\3 Full range 9 4
25°C .5 50 5 50
hoy Input offset current Vo=14V : nA
Full range 150 150
! ) 25°C -25 -250 —-25 -250
hi Inpul bias cunent Vo=14V —— nA
N Full range —400 -400
{ 25°C Oto 0to
i\, . Common-mode " Vee - 1.5 Ve =15 v
YICRinput-voltage range
g * A Full range 010 g1
1 _— i o 1 ) VG(‘. e 2 VCC - 2 _
r Large-signal Vee=15V,
f Ay differential-voltage Vo=14Vio 114V, 25°C 50 200 50 200 VimV
amplification RL 215kQ to Ve
. Von=5V 25°C 0.1 50 0.1 501 nA
iy High-level output current | Vip =1V
Von = 30V | Full range 1 11 MA
l 25°C 150" 400 150 400
'V Low-level output voltage | Vip=-1V, loL =4 mA mvV
Ik Full range 700 700
 low. Low-level output q{rent Vp=-1V, VoL=15V 25°C 6 16 6 16 mA
- Supply current = o
leo (four comparators) Vg=25V, No load 25°C 0.8 2 0.8 2 mA

All characteristics are measured with zero common-mode input voltage, unless otherwise specified.

% Full range (MIN to MAX) for LM239/LM239A is —25°C to 85°C, and for LM339/LM339A is 0°C to 70°C. All characteristics are measured
with zero common-mode input voltage, unless otherwise specified.

Ihe voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the

common-mode voltage range is Vggs — 1.5 V; however, one input can exceed Ve, and the comparator will provide a proper output
state as long as the other input remains in the common-mode range. Either or both inputs can go to 30 V without damage.

WITCHING CHARACTERISTICS

Vee =5V, TA=28C

PARAMETER

TEST CONDITIONS

LM239
LM239A
LM339
LM339A

TYP

UNIT

|

Response time

R, connected to 5 V through 5.1 kQ,
C =15 pF@

100-mV input step with 5-mV overdrive

1.3

TTL-level input step

0.3

us

(1) Cyincludes probe and jig capacitance.

i2)

I'he response time specified is the interval between the input step function and the instant when the output crosses 14V.
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ELECTRICAL CHARACTERISTICS

at specified free-air temperature, Ve = 5 V (unless otherwise noted)

LM2901
PARAMETER TEST CONDITIONS " Ta@ UNIT
MIN  TYP MAX
Bk i 25°C 2
o : on-A devices
Vic = Vigr min, Full range 15
Vio Input offset voltage Vo=14YV, - 25°C 1 5 mV
Vg .SV e M A-suffix devices
Full range
25°C 5 50
o Input offset current Vo=14V nA
- Full range 200
. 25°C -25 250
lig Input bias current Vo=14V nA
o Full range -500
0to
25°C
., Common-mode Veg - 1.5 v
IR nput-voltage range 0to
Full range
VCC -2
Large-signal o =
Myo  differential-voltage ;002_1155k¥i X)OV_ L4 Wo234 V, 25°C 25 100 VimV
amplification L cc
| High-level output t==1Vio =(LV L il " K N0 A
o igh- curren = =
tHﬁ o 3 © Vo = Ve MAX®) | Full range 1] pA
Non-V devices " 150 500
VlD =-1V, 3 25°C
VoL Low-level output voltage loL = 4 mA V-suffix devices 150 400 mV
All devices Full range 700
loL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
' Supply current Vo=25V, Veg=5V . 0.8 2
Icx (four comparators) No load Veo= MAX 3 e 1 2.5 L

(1) Al characteristics are measured with zero common-mode input voltage, unless otherwise specified.

(?) Full range (MIN to MAX) for LM2901 is —40°C to 125°C. All characteristics are measured with zero common-mode input voltage, unless
otherwise specified.

(3) Vee MAX = 30 V for non-V devices, and 32 V for V-suffix devices

(4) The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the
common-mode voltage range is Vecs — 1.5 V; however, one input can exceed Vg, and the comparator will provide a proper output
siate as long as the other input remains in the common-mode range. Either or both inputs can go to Vcc MAX without damage.

SWITCHING CHARACTERISTICS
Vep =5V, Tp 225°C

LM2901
PARAMETER TEST CONDITIONS — UNIT
: : R, connected to 5 V through 5.1 kQ 100-mV input step with 5-mV overdrive 1.3
Response i 1 s
P R C =15 pFM@ TTL-level input step 03 &

(1} Cpincludes probe and jig capacitance.
{?) The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
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lec = Supply Current — mA

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

TYPICAL CHARACTERISTICS

SUPPLY CURRENT INPUT BIAS CURRENT
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
80
= _55° = 70
T _l 55°C '____‘_‘____._.,._.’- T,=-55°C
"] e
T.=25C | _— < 60 [
° c
/%‘I;Mff_a-—" : ‘
vy — = T,=0C
/‘ ~ =] E 50 | iy
~T T,=25°C
~ T,=70°C L 5 2
J A L ?, 40 i i
¥ = k| T,=70°C
T.=125°C NS e
¥ T 5 A = .
a T,=125°C
1 e i
i i 20
10 -t B B
0
5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Ve — Supply Voltage = V

OUTPUT SATURATION VOLTAGE

Vee — Supply Voltage - V

10 +
f
I
|
2 1
o T, = 125°C jar |
g Ty=25°C /’.-",u:’
= 0.1 LI 4// 1
2 ” HHT =
"'E =T, = -55°C <
2
3 ¥ A
L1 1
L o001 2ol oia
> .
Nl
0.001
0.01 0.1 1 10

lo = Output Sink Current — mA

100

8

Submit Documentation Feedback
Product Folder Link(s): LM139 LM239 LM339 LM139A LM239A LM339A LM2901 LM2901AV LM2901V

Copyright © 1979-2009, Texas Instruments Incorporated



: LM139, LM239, LM339

i3 Texas : LM139A, LM239A, LM339A
INSTRUMENTS LM2901, LM2901AV, LM2901V
e oM SLCS0080-OCTOBER 1979—REVISED MAY 2009

TYPICAL CHARACTERISTICS (continued)

RESPONSE TIME FOR VARIOUS OVERDRIVES RESPONSE TIME FOR VARIOUS OVERDRIVES
NEGATIVE TRANSITION POSITIVE TRANSITION
5 6
5 5
] | - Overdrive =5 mV| -
. _ Overdrive =5 mV
] I 1/ ‘
g, ~ Overdrive = 20 mY ,:;', | Ovordriv? =20 mV
> 3 = 3+t bl
G | [ o
> " Overdrive = 100 mV o x/ - I
5 - 3 | Overdrive = 100 mV
& 2 £ 2
3

'L'; / o /
1 "'y | L1
2! £/) r'g

0 L < J

-1 -1

03 0 02505075 1 125 15 175 2 225 03 0 02505 075 1 125 1.5 1.75 2 225
t—-Time—ps t-Time~—ps
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PACKAGING INFORMATION

Orderable Device Status ! Package Package Pins Package Eco Plan® Lead/Ball Finish MSL Peak Temp ¥
Type Drawing Qty
5962-7700801VCA ACTIVE CDIP J 14 1 TBD Ad2 N/ A for Pkg Type
5962-87739012A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/A for Pkg Type
5962-8773901CA ACTIVE CDIP J 14 1 TBD Ad42 N/ A for Pkg Type
5962-8773901DA ACTIVE CFP w 14 1 TBD Ad2 N / A for Pkg Type
77008012A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/A for Pkg Type
| 71700801CA ACTIVE CDIP J 14 | TBD Ad2 N /A for Pky TypE“ me
' 7700801DA ACTIVE CFP w — TBD A42 N /A for Pkg Type
| JM38510/11201BCA ACTIVE CcDIP J 14 1 TBD Ad42 N/ A for Pkg Type
: o LM139AD ACTIVE SOIC D 14 50 TBD CU NIPDAU  Level-3-245C-168 HR
1 LM139ADG4 ACTIVC 50IC D 14 50 Green (RoH3 & CU NIPDAU  Level-1-260C-UNLIM
|L - : no Sb/Br)
LM139ADR ACTIVE SOIC D 14 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
1 (RoHS) Level-1-235C-UNLIM
! LM139ADRG4 ACTIVE SQIC D 14 2500 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
I no Sb/Br)
| LM139AFKB ACTIVER “Tocly  L/BR’/ DR\ ) TBD POST-PLATE N /A for Pkg Type
i LM139AJ ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type
i LM139AJB ACTIVE  CDIP J 14 1 TBD A42 N / A for Pkg Type
) LM139AN OBSOLETE PDIP N 14 TBD Call Tl Call Tl
i LM139AW ACTIVE CFP W 14 1 TBD A42 N/ A for Pkg Type
| Lw13sAave ACTIVE  CFP w 14 1 TBD A42 N /A for Pkg Type
i LM138D ACTIVE SOIC D 14 50 TBD CU NIPDAU  Level-1-220C-UNLIM
1[ LW§9D64 ACTIVE SOIC D 14 50 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
B LM139DR ACTIVE SOIC D 14 2500 TBD CU NIPDAU  Level-1-220C-UNLIM
LM139DRG4 ACTIVE SoIC D 14 2500 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
| no Sb/Br)
E, LM139FK ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
I LM139FKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
f LM139J ACTIVE cDIP J 14 1 TBD A42 N /A for Pkg Type
[ LM139JB ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type
| LM139N OBSOLETE PDIP N 14 TBD Call Tl Call Tl
| LM139W ACTIVE CFP w 14 TBD Ad2 N/ A for Pkg Type
!_ LM139WB ACTIVE CFP W 14 1 TBD Ad2 N/ A for Pkg Type
LM239AD ACTIVE SoIC D 14 50 Green (ROHS & CUNIPDAU Level-1-260C-UNLIM
P no Sb/Br)
! LM239ADE4 ACTIVE SoIC D 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
- no Sb/Br)
LM239ADG4 ACTIVE SOIC 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
» no Sb/Br)
LM239ADR ACTIVE SoIc D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239ADRE4 ACTIVE SoIC D 14 2500 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
- no Sb/Br)
LM239ADRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM

Addendum-Page 1
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Orderable Device Status 1" Package Package Pins Package EcoPlan ) | ead/Ball Finish MSL Peak Temp 3
Type Drawing Qty
no Sb/Br)
LM239AN OBSOLETE  PDIP N 14 TBD Call Tl Call Tl
LM239D ACTIVE SoIc D 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM239DE4 ACTIVE SOIC D 14 50 Green (RoOHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br) )
i LM239DG4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
R . no Sb/Br)
t LM239DR ACTIVE S0OIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
| no Sb/Br)
| LM239DRE4 ACTIVE SOIC D 14 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
L_ no Sb/Br)
| LM239DRG4 ACTIVE SOIC D 14 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
| no Sb/Br)
5 LM239N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
| (RoHS)
LM239NE4 ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU N/ A for Pkg Type
z (RoHS)
LM239PW ACTIVE TSSOP PW 14 90 Green{(RoHS & CUNIPDAU Level-1-260C-UNLIM
L no Sb/Br)
! LM239PWE4 ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM239PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
b no Sb/Br)
! LM239PWR ACTIVE TSSOP PW 14 2000 Green (RoOHS & CUNIPDAU Level-1-260C-UNLIM
~no Sb/Br)
LM239PWRE4 ACTIVE TSSOP PW 14 2000 Green(RoHS & CUNIPDAU  Level-1-260C-UNLIM
s no Sb/Br)
LM239PWRG4 ACTIVE TSSOP PW 14 2000 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
! LM2901AVQDR ACTIVE SoIC D 14 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
| (RoHS) Level-1-235C-UNLIM
LM2901AVQDRG4 ACTIVE SolIC D 14 2500 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901AVQPWR ACTIVE TSSOP PW 14 2000 TBD CU NIPDAU  Level-1-250C-UNLIM
LM2901AVQPWRG4 ACTIVE TSSOP PW 14 2000 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901D ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
LM2901DE4 ACTIVE Solc D 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
LM2901DG4 ACTIVE SOIC D 14 50 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
g no Sb/Br)
| LM2201DR ACTIVE SoIC D 14 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
' no Sb/Br)
LM2901DRE4 ACTIVE SOIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901DRG4 ACTIVE Solc D 14 2500 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901N ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU N/ A for Pkg Type
(RoHS)

Addendum-Page 2



W Texas
INSTRUMENTS

wavtli.com

PACKAGE OPTION ADDENDUM

15-Oct-2009

Orderable Device status ! Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp ¥
Type Drawing Qty
LM2901NE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N /A for Pkg Type
(RoHS)
LM2901NSR ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901NSRE4 ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
o no Sb/Br) )
LM2901NSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
| no Sb/Br)
LM2901PW ACTIVE TSSOP PW 14 90 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM2901PWE4 ACTIVE TSSOP PW 14 90 Green(RoHS & CU NIPDAU  Level-1-260C-UNLIM
- no Sb/Br)
LM2901PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
|__ no Sh/Br)
_ LM2901PWLE OBSOLETE TSSOP PW 14 TBD Call Tl Call Tl
LM2901PWR ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
__no Sb/Br)
LM2901PWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM2901PWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
______ no Sb/Br)
LM2901QD OBSOLETE SolC D 14 TBD Call Tl Call Tl
~ LM2901QN OBSOLETE PDIP N 14 TBD Call Tl Call Tl
LM2901VQDR ACTIVE SoIc D 14 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
.M2901VQDRG4 ACTIVE SolcC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
s no Sb/Br)
LM2901VQPWR ACTIVE TSSOP * PW 14 2000 TBD CU NIPDAU  Level-1-250C-UNLIM
LM2901VQPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339AD ACTIVE SolIC D 14 50 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
- no Sb/Br)
LM339ADBR ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
.LM339ADBRG4 ACTIVE SSOP DB 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339ADE4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
(- no Sb/Br)
LM339ADG4 ACTIVE SolIc D 14 50 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM339ADR ACTIVE SoiC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
1 M339ADRE4 ACTIVE SoIC D 14 2500 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM"
U no Sb/Br)
LM339ADRG4 ACTIVE S1e] [ D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339AN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
LM339ANE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
LM339ANSR ACTIVE SO NS 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
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Type Drawing Qty
no Sb/Br)
LM339ANSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
LM339APW ACTIVE TSSOP PW 14 90 Green (ROHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
LM339APWE4 ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339APWG4 ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339APWR ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
: no Sb/Br)
LM339APWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
I no Sb/Br)
i .LM339APWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
. no Sb/Br)
! LM339D ACTIVE SOIC D 14 50 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
{ no Sb/Br)
‘g B LM339DBLE OBSOLETE  SSOP DB 14 TBD Call Tl Call Tl
i LM339DBR ACTIVE SSOP DB 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
Iﬂ no Sb/Br)
' LM339DBRE4 ACTIVE SSOP DB 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
i no Sb/Br)
L LM339DBRG4 ACTIVE SSOP DB 14 2000 Green (ROHS & CUNIPDAU Level-1-260C-UNLIM
'}__ i no Sb/Br)
| LM339DE4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
= no Sb/Br)
i LM339DG4 ACTIVE sSoIC D 14 50 Green (ROHS & CUNIPDAU  Level-1-260C-UNLIM
| e no Sb/Br)
: LM339DR ACTIVE S0IC D 14 2500 Green (ROHS& CUNIPDAU Level-1-260C-UNLIM
| no Sb/Br)
| LM339DRE4 ACTIVE SoIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
| no Sb/Br)
i LM339DRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
[7 no Sb/Br)
LM339N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type
i (RoHS)
LM339NE4 ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU N /A for Pkg Type
- (RoHS)
LM339NSLE OBSOLETE SO NS 14 TBD Call Tl Call Tl
LM339NSR ACTIVE SO NS 14 2000 Green (RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339NSRG4 ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
| LM339PW ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
L no Sb/Br)
LM339PWE4 ACTIVE TSSOP PW 14 90 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWG4 ACTIVE TSSOP PW 14 90 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWLE OBSOLETE TSSOP PW 14 TBD Call Tl Call Tl
[ LM339PWR ACTIVE TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
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@TE}{AS PACKAGE OPTION ADDENDUM
INSTRUMENTS

i.com 15-0ct-2009
Orderable Device Status ! Package Package Pins Package EcoPlan'® Lead/Ball Finish MSL Peak Temp @)
Type Drawing Qty
no Sb/Br)
LM339PWRE4 ACTIVE  TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339PWRG4 ACTIVE  TSSOP PW 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
LM339Y OBSOLETE 0 TBD cal Tl Call Tl

) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design. d

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

~ESOLETE: T has discontinued the production of the device.

12) £¢o Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
hitp://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Ph-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Ph-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatibie) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

) MSL, Peak Temp. — The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes rib.representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
inceming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl
to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF LM139, LM139-SP, LM239A, LM2901, LM2901AV, LM2901V :
» Automotive: LM239A-Q1, LM2901-Q1, LM2901AV-Q1, LM2901V-Q1
» Enhanced Product: LM239A-EP

NOTE: Qualified Version Definitions:
. Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
» Enhanced Product - Supports Defense, Aerospace and Medical Applications
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upw.ll.com 4-May-2009

TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

1<. Ko |4—P1—>1
o6 o5 60 O T
| go W
vReel — — l
Diameter Cavity —»! AD |4-

A0 | Dimension designed to accommodate the component width

BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
W | Overall width of the carrier tape

_,L P1 | Pitch between successive cavity centers

/A Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

OOl OxA 4070 OB OjASprocket Holes
| |
I

Q1 ll Q2 ﬁ
H-—9--1
Q3 1 Q4 User Direction of Feed
;
Pockel\(%'u/éldrants

“All rlin:.r_:nsions are nominal

Device Package|Package|Pins| SPQ Reel Reel A0 (mm) BO (mm) KO (mm) 1- P1 w Pin1
Type |Drawing Diameter| Width (mm) | (mm) |Quadrant
T (mm) |W1 (mm)

LM239ADR SOIC D 14 2500 330.0 16.4 6.5 9.0 24 8.0 | 16.0 Qi
LM239ADR SolIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 | 16.0 Q1
LM239DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 Q1
~ LM239DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2n 8.0 | 16.0 i
i LM239PWR TSSOP PW 14 2000 330.0 12.4 7.0 5.6 1.6 8.0 | 120 Q1
LM2901DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 Q1
LM2901DR SOIC D 14 2500 330.0 16.4 6.5 9.0 24 8.0 | 16.0 Qi
i LM2901NSR SO NS 14 2000 330.0 16.4 8.2 10.5 25 12.0 | 16.0 Qi
LM2901PWR TSSOP PW 14 2000 330.0 12.4 7.0 5.6 1.6 8.0 | 12.0 Qi
LM339ADBR SSOP DB 14 2000 330.0 16.4 8.2 6.6 2.5 12.0 | 16.0 Q1
B LM339ADR SOoIC D 14 2500 | 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 Q1
~ LM339ADR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 | 16.0 Q1
LM339ANSR SO NS 14 2000 330.0 16.4 8.2 10.5 25 12.0 | 16.0 Q1
LM339APWR TSSOP PW 14 2000 330.0 12.4 7.0 5.6 1.6 8.0 | 12.0 Qi
LM339DBR SSOP DB 14 2000 330.0 16.4 8.2 6.6 2.5 12.0 | 16.0 Q1
LM339DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 Q1
LM339DR Solc D 14 2500 330.0 16.4 6.5 9.0 241 8.0 | 16.0 Q1
LM339NSR SO NS 14 2000 330.0 16.4 8.2 10.5 2.5 12.0 | 16.0 Q1

Pack Materials-Page 1




%ip Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
vi.ti.com 4-May-2059
Device Package|Package|Pins| SPQ Reel Reel A0 (mm) BO (mm) KO (mm) P1 w Pin1
Type |Drawing Diameter| Width (mm) | (mm) [Quadrant
(mm) |W1 (mm)
LM339PWR TSSOP PW 14 | 2000 330.0 12.4 7.0 5.6 1.6 8.0 | 12.0 Qi
TAPE AND REEL BOX DIMENSIONS
o
| B\
4//
\\\/ B | e
“All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM239ADR SOIC D 14 2500 833.2 345.9 28.6
LM239ADR SOIC D 14 2500 346.0 346.0 33.0
LM239DR SOIC D 14 2500 346.0 346.0 33.0
LM239DR SOIC D 14 2500 333.2 345.9 28.6
LM239PWR TSSOP PW 14 2000 346.0 346.0 29.0
LM2901DR SOIC D 14 2500 333.2 345.9 28.6
LM2901DR SOIC D 14 2500 346.0 346.0 33.0
LM2901NSR SO NS 14 2000 346.0 346.0 33.0
LM2901PWR TSSOP PW 14 2000 346.0 346.0 29.0
LM339ADBR SSOP DB 14 2000 346.0 346.0 33.0
LM339ADR SOIC D 14 2500 346.0 346.0 33.0
LM339ADR SOIC D 14 2500 333.2 3459 28.6
LM338ANSR SO NS 14 2000 346.0 346.0 33.0
LM339APWR TSSOP PW 14 2000 346.0 346.0 29.0
LM339DBR SSOP DB 14 2000 346.0 346.0 33.0
LM339DR SOIC D 14 2500 333.2 345.9 28.6
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i} TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS

vorw.tl.com 4-May-2009
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM339DR SOIC D 14 2500 346.0 346.0 33.0
LM339NSR SO NS 14 2000 346.0 346.0 33.0
___LMBSQPWR TSSOP PW 14 2000 346.0 346.0 29.0
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MECHANICAL DATA

MSS0002E — JANUARY 1995 — REVISED DECEMBER 2001

08 (R-PDSO-G**) PLASTIC SMALL-OUTLINE
28 PINS SHOWN

-

:
=
i
_Tc
wg
]

O
| | FAFIAREAAAREY

— A -

A

| T~ N \
o (DTN . s A\ U 7T
L 2,00 MAX AAoMIL T

PINS **
24 28 30 38
DIM 14 16 20
A MAX 6,50 6,50 7,50 8,50 | 10,50 | 10,50 | 12,90
A MIN 5,90 5,90 6,90 7,90 9,90 9,90 | 12,30

4040065 /E 12/01

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-150

Dow
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MECHANICAL DATA

MLCCO006B — OCTOBER 1996

FK (S-CQCC-N**)
28 TERMINAL SHOWN

LEADLESS CERAMIC CHIP CARRIER

% 0.020(0,51)

0.010 (0,25)

0.055 (1,40)

0.045 (1,14) 0.045 (1,14)

0.035 (0,89)

R )
0.028 (0,71) | 0.045(1,14)
0.022 (0,54) _'I I'_ |‘_’ 0.035 (0,89)

0.050 (1,27) |

NO. OF A B
18 17 16 15 14 13 12 i
& ¥ MIN MAX MIN MAX
16 4 ) o . 0342 | 0358 | 0307 | 0.358
(8,69) (9,09) (7,80) (9,09)
10 - 0442 | 0458 | 0406 | 0458
i (11,23) | (11,63) | (10,31) | (11,63)
i 0640 | 0660 | 0495 | 0560
8 (16,26) | (16,76) | (12,58) | (14,22)
ASQ
- = 0739 | 0761 | 0.495 | 0.560
(18.78) | (19.32) | (12,58) | (14,22)
? o 0.938 | 0962 | 0.850 | 0.858
! (2383) | (2443) | (21.6) | (21.8)
K 1141 | 1.165 | 1.047 | 1.063
(28,99) | (2959) | (26.6) | (27.0)
26 2728 1 2 3 4
0.020 (0,51) 0.080 (2,03)
0.010 (0,25) "‘ j i - 0.064 (1,63)

4040140/D 10/96

NOTES: A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.

E

Falls within JEDEC MS-004
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MECHANICAL DATA
NS (R-PDSO-G*) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

0,51

=y e
HHHHHHAA “

T 0,15 NOM ‘
5,00 7,40

a
[]
:
&

-

Gage Plane i

[ 0,25
1.05
0,55 -
T R

A
/ | [ oo N |
e NN
U ; @/ .

O
ILEEEEE

o

onl

L 2,00 MAX [&]o.10l
PINS #*
DIM 14 16 20 24
A MAX 10,50 10,50 | 12,90 15,30
A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drowing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

www.t.com
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 19989

PW (R-PDSO-G*)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

4

il

hEEELLT

— A —p

NiN[RIR|NIN|E]N

11
T
11
‘_I

=l [ ;W‘

¢(j¥ﬁ
Seating Plane
) Y %4

1,20 MAX 015 ] o
0,05
ek
Ems 8 14 16 20 24 28
DIM
A MAX 310 | 510 | 510 | 660 | 790 | 9,80
A MIN 290 | 4% | 49 | 640 | 770 | 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.

oow

Falls within JEDEC MO-153

This drawing is subject to change without notice.
Body dimensions do not include mold flash cr protrusion not to exceed 0,15.
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS #x

. 14 16 18 20

B 0.300 0.300 0.300 0.300

7.62) | (7.62) | (7.62) | (7.62)

" i BSC BSC BSC BSC
i e s il 0785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D) c B MN By | — | — | —
l 0.300 | 0.300 | 0.310 | 0.300
NENIN) & 41NN C MAX _1-(7.62) | (7.62) | (7.87) | (7.62)
“’] L- Y 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN et - = =
e (6,22) | (6,22) | (5,59) | (6:22)

0.060 (1,52

—» [4— 0.005 (0,13) MIN 0.015 038 ’ev —»!

i il 0.200 (5 08) MAX
Seating Plane

0.130 (3 30) MIN

_4 L_oozs 0,66
0.014 ((0 35} 4o 015

(0100 (2,54)) 0.014 (0,36)
0.008 (0,20

4040083 /F 03/03

NOTES:

Al linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package is hermetically sealed with a ceramic lid using glass frit.

Index point is provided on cop for terminal identification only on press ceramic glass frit seal only.

Falls within MIL STD 1835 GDIP1-T14, GDIP1-Ti6, GDIP1-T18 and GDIP1-T20.

mopw»



MECHANICAL DATA

D (R—PDS0O-G14) PLASTIC SMALL—OUTLINE PACKAGE
0.344 (8,75)
0.337 (8,55)
14 8 -
HAAMRAAA 1
0.244 (6,20)
I 0.228 (5,80)
b < = 5 %R T 0157 (4,00)
N s
N 1
SONN N NNNERNN

A IR
/‘

Pin 1

i [ ity »‘ ngﬁg =

010 (0,25) ™

\
o U see1e TN

0.010 (0,25) AN X
L 0.069 (1,75) Mox 0.004 (0,10)
0.010 (0,25) // N
0.005 (0,13}1 / \
/ \
[,f Ve ) I \l
. B . ] J [ ]0.004 (0,10)
Gauge Plane e — !
- Seating Plone
1 i
0.010 (0,25) 0-8" ~ 28
\_ o /
0.050 (1,27)
0.016 (0,40)

4040047-4/J 09/09

NOTES:  A. All linear dimensions ore in inches (millimeters).
B. This drawing is subject to change without notice.

& Body length does not include mold flash, protrusiens, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed .006 (0,15) per end.

.{m Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.

E. Reference JEDEC MS—012 variation AB.




MECHANICAL DATA

W (R—GDFP—F1 4) CERAMIC DUAL FLATPACK
Base ond Seating Plane
0.260 (6,60)
l’o.t}zs (0,66) 235 (5.7)
; .
T " - 0.006 (0,15) T
0.080 (2,03 0.004 (0,10)
"~ 0.045 (1,14)
——— 0.280 (/,11) MAX ——-——»]
0.019 (0,48)
1 14 _[ 0.015 (0,38)
A A\
| . [ l_f_
E | | ]
0.050 (1,27)
[ ) b | I )
0.390 (9,91)
0.3% (8.51) | ' / —
| [ i ]
[ { E 1 0.005 (0,13) MIN
4 Places
[ - | [ ] _£
7 8 *
0.360 (9,14) 0.360 (9,14)
9 0.250 (6,35) ’ 0.250 (6,35) k
4040180-2/D 07/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with o ceromic lid using glass frit.
D. Index point is provided on cap for terminal identification only.

E

Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB

INSTRUMENTS
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MECHANICAL DATA

aran K

N (R—PDIP—T**) PLASTIC DUAL—IN—-LINE PACKAGE
16 PINS SHOWN

F'y
>
Y

PINS **

oM 14 16 18 20
16 9

B i O i O e W W i e B

P—— 0.775 | 0775 | 0.920 | 1.060
(19,69) | (19,69) | (23,37) | (26,92)

0.260 (6,60 0745 | 0745 | 0850 | 0.940
D —(—;0_240 510 A MN -1 agez) | (18,92) | (21.59) | (23.88)
MS-001
J L T T T A WA | e | oA |
B " B —
0.070 (1,78
0.045 51145‘ A\
00t5 (114) ] D o
- t" 0.030 (oﬂ 0.020 (0,51) MIN Wo(m%

\ £
T 0.200 (5,08) MAX

| ]

! ! = Gouge Plane
| H | WA 3 1 seoting Plane

|

0.125 (3,18) MIN 0.010 (0,25) NOM

0.100 (2,54)] . AJ 0.430 (10,92) MAX L—

1

0.021 (0,53
>4 %015 %0,38%

[[0.010 (D,25) @]

\
‘\\ /" 14/18 Pin Only

M 20 Pin vendor option /O\

4040049/ 12/2002
NOTES:

A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
/N Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A)

/ﬁ_\ The 20 pin end lead shoulder width is a vendor option, either half or full width

o
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tiwarrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent T| deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using Tl components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

11 does not warrant or represent that any license, either express or implied, Is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
wiarranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
praperty of the third party, or a license from T under the patents or other intellectual property of Tl.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
oy all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
husiness practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
rastrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
rasponsible or liable for any such statements. B

11 products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
e axpected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
arovided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the T| products are
spacifically designated by TI as military-grade or "enhanced plastic." Only products designated by T| as military-grade meet military
soecifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
tive Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
dasignated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
oroducts in automotive applications, Tl will not be responsible for any failure to meet such requirements.

ollowing are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DLP® Products www.dIp.com Broadband www.ti.com/broadband
Dsp dsp.ti.com Digital Control www.ti.com/digitalcontrol
Clocks and Timers www ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Military www.ti.com/military
Lagic logic.ti.com Optical Networking www.ti.com/opticalnetwork
Power Mgmt power.ti.com Security www.ti.com/security
Microcontrollers microcontroller.ti.com Telephony www.ti.com/telephony
RFID www. ti-rfid.com Video & Imaging www.ti.com/video

RFIIF and ZigBee® Solutions  www.ti.com/Iprf Wireless www.ti.com/wireless

_— Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated





