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: Y sAq YA ' 13 Y
LVTTL) %3#19A130329e01910 Datasheet vo9gUnssinlfdonouiniuszay

QU

usasununla mszwinlFiadszanegyhdelnsalidonie

\Y
N

5v

3.3v

ov

\ 4

TTL 0-5V

[

NN 2.10 FLAVUTIAUTAI TTL

g 9
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2.8.5 RS232 (Recommended Standard 232)
RS232 fi0 M1ATFIUNTITONADYOYANDY Serial THiNoNnszozn1aly
) . Y ' Y d' 2 = = o
msdedeya uvy Serial Tdennsadslaszezmanuiniyu Tastinisulasuszay
[ . A A ] ] A I 1 =2
1599Y YD Logic MNANNIZGIUTIN 0-5 V 130 0-3.3 V Tusa 158315V
= = v dy
Taglisgaz DALl

Logic 0 494 RS232 90¢ U524 3 8 15V

Logic 1 494 RS232 92041524 -3 9 -15V

V
v N
T1 0 1 1 o0 | 0 0
0 >t 0 >t
TTL | 1 1 1

RS232

MU 2.11 1fFeumeuszaunsausenINdyia TTL NUdyg I RS232

< 1 Y v & 1 U @ 1 o
1ngdaziiiulAed19FAnna1Me 2 9619 @9 Data 1MiloUAY LATEAD
o AqQ Y @ E] ) [ < a 2
useaunldannu wingunsaiilu TTL uda ludeny RS232 Raziianudenie
Y
A la
A < A 1
M3 a5 I RS-232 1Jun15 @151 asynchronous ¥118A1UI
o { @ 1 1 o 1 I @
i clock NlFnauaudanaz lu'lddelundouny Data vz 14 start bit 1T ud7
1 A Y o ' Y < @
sync lungaz word vesmsdodisuaz l¥dnyaal clock meluvesuaazaruiug
=

Y v [ 9 [ dy J = a 9 9
GlWN‘H’J%LEN ﬂﬁi‘U-ﬁ\‘l‘Ule‘JjﬁﬁluﬁﬂEﬂwul INIULY frame ﬂﬂuﬂﬁﬂﬂﬂﬂﬁﬂmﬂl@y‘a

1380 start bit uay stop bit

Logic '1' +5V
Tsmo 112034567/ sw

Logic '0* ov

AN 2.12 TTL/CMOS Serial Logic Waveform
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d' nﬁ' [V =S ] v
2.9 iﬂix‘lx‘ﬂﬂ‘i%ﬂ%ﬂ 2 msaam‘saﬁyapmaammuumamu"lsmﬂ

U

2.9.1 MSAIFUIMMTEIRIHNIWEAA [11]

v v

o o A s A ] T o A 2
AsvaIn Bl uaaunIn LW?JGl‘Kcl,uﬂ"Iiﬁ\‘]ﬁiyﬂlu"lmﬂ"l’iﬁﬂﬁ"liuu

dyrandesazgnaa lldiirenaudyyianiauds ¥aziinisilaon
= o

9 [
duaandeaIifudyaa i sanduiahdygra diha gl naud

A 4

~ 1 o A ~ ° ¥ A Yo a A 9 <
AdUNIY Tagazluvassudauasnazivinnlumsldasuiianas nog iy

= 9 1

Aauw lumsnaudyana donmsnaudyanaiouiosud: madazinsds
Ty Iugluaa (Optical Signal) aon lidaena da'lidaniasy Feagsimdnlu

o o = A ° Y A = o Y I
ﬂTi‘i“lJﬁiyiy'lmllﬁﬂ uazmqﬂﬂﬁmmzmwmﬂumﬂﬂaauﬁiytywmumelmﬂu

o

dayana 1Wih (Optical Demodulator) Favzdalildagilnsaineglatenisiagiinig

99

nlasudyana Iiihldiludyanandes

2.9.2 szanvesdana [12]
Tyl luginsaiomaansetind il 2 ¥ila Ae

[ < [ 1 4 1A
1. dyaamuuteuzden (Analog) vziludyaauuuasiiiod Nna a1

(3 IS

{ [ Y <
nasumlasldvesszaudygraszlinnunueg msdadyaiauuutouzdonazgn

99

Y a Y 1 d‘ 1 1 1 9
i‘Uﬂ’Jubh”ilJfﬂﬁLL‘IJﬁﬂ’]WiJﬂiJWfJNﬂWﬁWﬂllﬂﬂﬂﬂ’ﬂ Lu%NinﬂﬂﬁﬂﬂﬂW@jﬂuﬁﬂi%ﬂu
&£ o g A o o A A 0 Y 1o
BN muﬂunmuummumaﬂmmﬂu i}_lﬂﬁﬂ!WﬁﬂﬂﬁW\‘lGIUﬂ']iﬁi’)ﬁ'lﬁﬁ’)uiﬂﬂ%ﬁ)fyj YU

o = [N Y
o luaig Insann wuau

aa v [

Y
2. deyeuUAdIA (Digital) ¥315znoUUUINTTAUTYRIDINE 2 A1

[

] 9
DHAYYIUICAUGIFALASTYYIUITEAUAIFA aaruaz sz ansnnaza

o)t

A A J <3 A = 9 1A 1 = I
HUFDDDEINIULVULUBUSADN Lummnmmﬂmmmmm 2 A1 MIAANNHNT U

Y] '
Y IS

1 % o aa - I @ a 4
on/off W301/0 MU Fedyaruainall swwiludyaranaeuiuaes 19luns

MmauazhanoaoaInu
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2.9.3 nsnasdsyaameuzasmilundia (Analog to Digital Converter)
[12]

o { [ 4 1 X I~
mmhnudasdaanadoyama lnih wiedlewdamsszuirana Fuilu

g9 U u

as & v 9 . I A o <3
ATNTITHUIVRINITIUVDY A (Input Unit) Wunszuraumsndyaiueuzaon (analog)

99

v v d &£

Yo PR o an o =) 9 o
lasumandasldiludyauaina Tagliimsaudeyadayradnives ADC &4

9

o @ @ @ I o w n
fllgﬂ'lﬂuﬂigﬂﬂ‘ﬁ%@ﬁﬂ']ug AU YBIE1ULINITRIUNITENA1AIVDY 2 ﬁ'ﬂ 2,4,8,

F4
an o A

3 @ 1 @ g
16 Wudu dyanuainaiugnd 2 goe uazBendluuis deunamuagnso
& ¢
vaaalugivesgrusrilaazgud

aa v

2.9.4 nsmasdsyanamdnaiiluneuzaan (Digital to Analog Converter)
[12]
wimihindasdeyanadnininmsdszunanadudyaa Wil uients

9 . £ @ o @
ueAINateya (Output Unit) Nszuaumsdsdyauiimsfimuasza vioaniug

o & a A A o an o ya o A To o o
Tuunii (1Und Ao 2 do1ug) visedyanaaana IMiudyanui lisiiasuau

4
S A 1

[ [ { o Y v Jd o ..
VONADIUL ﬂ%ﬂﬁiymﬂmuﬂuzaﬂﬂ 3\15]517]1/]']\1’]1!61ﬁﬂ1_]ﬂ\1ﬂ6]5u 158071 digital to

analog converter (DAC)

d d
2.9.5 vasalulasnaulnsaass (Microcontroller) [13]
] S A w o
STM32F0 DISCOVERY iugaveiannaulylnsaoulnsanodiv
ATzna STM32 ARM CORTEX-MO v11a 32 1 1041380 ST Tasuuveiaazdl
@74 Download (a2 Debug 11#?
3 o A & ' <
stM32 1tuluTasaeuInsames 32 1da Fandredszulrananaruily
ARM Cortex-M0 dnSuAMNamnsatazauGE19e9 lulasaeu Insames 32 O
Y )
TUAN 8 T WoauAdTHAdoannuAuen lums@euTlsunsy 1io91nN
Tassadumeluianusudeuniniawin limsmnuaaisaamosa19azu1nn
1o ) P ¥ A o o AAa s ¥
uadmiululnsneuInsames STM32 Hu fgaanudilumsfimuastaaes 13

v
[

I yafdatiTon¥eiAns1 STM32F10x Standard Peripherals Library

q
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AR 2.13 gADDTA STM32F0 DISCOVERY

2.9.6 Msi¥euseginsainuy 12C [14]

12C Bus 8931910 Inter Integrate Circuit Bus (IIC) ﬁJumiﬁami@uﬂiu

a o 4 Y a 1 4 1 14
uUUH 1A51 A (Synchronous) tiialy Andededis seni1e lulasaeulnsames

@ 4 % o g D o 1. .
(MCU) fugunsainiouen Gagnwaniyu Taou3sm Philips Semiconductors 1ag1d

aedaanaiion 2 1§y Ao serial data (SDA) 1aL@10 serial clock (SCL) &4

4 ' J o v 9 Y Y Y o q ¥ ) o
a0 L%@Nﬁﬁqﬂﬂim mmuwmaqmmm&mu"l@ ‘I/Iﬂ‘lfi MCU Gl“])”dw YUY 2
Y

) v A 1 1% o a 1 @
1du Ao SCL.SDA dmiudadedugUnsaluuy 2 figmie Taovidayaan 2

g g

J @

Y " v v Y 4 I
CADADNUVAIATUNTULUD pull up 2-10K Lﬁﬂ\‘]%’lﬂlﬂ’l@Wﬁﬁ ﬂﬂmglﬂu 11U Open

Q

. A g A ] s A VW v o ~
Darin mmﬂmmu Open Collector LWfJGl‘ViL@WﬂV!@]L“D'@iJ@ﬂﬂuhlﬂ‘ﬁaTﬂﬂ'J IﬂﬂﬂJﬂ'ﬁ

[

Y
MOULAALAIU A9

Vo9

% J @
1. mytay-srudeyanvelnsainuy 12C BUS  msfu-dedoya

Rl

MUY I2CBUS MCU 925 0AUNTAI900aa10015daanI1USITUAY (START

G

.. A R Y v o &
Conditions) mauammma%umzmmumaiwﬁm"uau (Control Byte) @4

% o v C4 . .
Usznoudiesaiszi1dagnsal Device ID ,Device Address ,1ta2 Mode 1un1s



20

Y a

= A ' 9 A Jo 1 1Y 3 Y '
WgUrIavIUvDYa LN@QﬂﬂﬁmﬁUﬂ§1U31 MCU AN AAADAIYNADITITDIUL

s

51§ (Acknowledge) W3ouda 1% MCU Suindoyan lddauniinnugndesuaziile

U

Y [
ugANsAIoYa MCU 22A09dd d01ugduga (STOP Conditions) 1HoUDNAL

U q

b

vy
giln3ain1 Augams 19

]

+— Control Byte >
7 b 5 4 3 2 1 0

START| T I I I A2 | Al | AD |B/W| &CK |d|d|d|d|d|d]|d|d|ACK |[aTOP

‘1— DEVICE |D—h|'l— ADDRESS—*{ MODE — DATA ——»

i 2.14 JPuuumsBew/eudeyany 12C BUS

2. MINAUATOIUZIINAUNAZADIUZFUTAVDI 12C BUS (START and
STOP Conditions) 8N¥ALMIMUUAGDIULENAULAZADIULTUFAVDY [2C BUS
A 9 v Y 4 9 .- A _q 9
eABINIENYDYA MCU 9ADIa9d01UE5UAY (START Conditions) o 1% SDA
wasuan 1 wudlu o Tuwaegh scL iaudlu 1 wedugamsnisldia MCU 1zdos
1 2 .. A 9 A I A
A9a0IULAUGA (STOP Conditions) Ao 1 SDA 1laguain o wuilu 1luvmen scL

andlu 1

fasg)}

S \ .......... /- ............

SEL .........

START STOP

NN 2.15 12C BUS START and STOP Conditions
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Vo9 3

3. $29M5U-a3daveyaved 12C BUS 01920135 U-d9703a 9130329

U

. ) . ) . )
Tuaazfivg scL i 1 anngmsnlasunasdoya vznszvhluvmziivn scL il o

RETIERY
asumdaavaya
N

SOA, ] _M_ ............

e

Baa19an
—r ar
Suudavaya

i 2.16 Misudaiiadeyaves 12C BUS

4. 3HaMIVANVL 12C BUS (Control Byte) 3HaAAIUANUYDI 12C BUS
v o w 4 . a a
Usznoudesalsziidivesginsal (Device ID) Ysznouaielia 1-7 uagiia 0
I a = 1 @ o L4 Y @ o w
Hudianruaumadou-01u svalsziiaivesginial dsznoudlesvalsza1an
91INARAA Product ID 4 Ua (T 4-7) Mdasuntlasud lu'li1d wag Device Address 3

N N % ] o Y Y o A ) o ¢ A
Ua (“]_Jﬂ 1-3) Gﬁﬁﬁﬁ% mmaamwumm"lm’mumu]uiwa 7 UA El"lﬁ%ﬂ@’)@ﬂﬂﬁm ﬁ

1 % =

1 v 3 o n Yya J 4 Y
§°’I’E)’E'JEJ‘]JH‘]JﬁﬂgﬂJﬂWG]ﬂﬂuhliJhlﬂUﬂﬂ'JUﬂiJﬂWiL%ﬂu-fﬂu (Mode) Lﬁf] MCU ¢19494n13

L1l

Ay Y /o ya A g A g9 " ¢
Joudoya ldsginsaindmualddaiiilu o naziliedssmseudoyavinginsal

o=

< o ya 2
Amvua lntatdlu 1

7 h H 4 3 ¢ 1 1]
I |1 |1 IAZAIAD

“ DEVICE ID——»|l+—— AnDRESS —-‘ MODE |

AT 2.17 12C BUS (Control Byte)
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A Y d
2.9.7 ﬂ1§!‘le)NﬂE)Q‘IJﬂ§ﬂ!!!‘U‘1J UART [15]
[l o 1 . . . 5
UART #811910f171 Universal Asynchronous Receiver Transmitter 11l
A o a o Y = v
ﬂ"lﬁﬁi’)ﬁ”lislj’ﬂisl,ﬂﬂi;!ﬂihllﬂﬂﬂzcﬁﬂiﬂiuﬁ (Asynchronous) ToAvU0IN1T 1%
Asynchronous ABEAINITOADEITUUD Full duplex na1IAoaINIsnsuuazdtoya
1 . . = @ é’ 19y Y %
5241919 Receiver 1A Transmitter 18 lMNa1Rg27U wannnil lidesldae Y
A o [ o v 9 5 o A
Clock IWONIUUAIINITNITIU-TIVDYA Lmllﬂ'liﬂTViuﬂgﬂll,‘U‘U Format %3®

Y
1 9 =2 (% o

[ < @ '
Protocol N1TTU-AIUBUAVUNINY LALDIAYNITNIVUAAIINLTIVDINTTTU-T

£

[

Y & A [ A
Poyaliminu samsaeasuuveynsuazuuiy 2 unu As
g 3 { U
1. MsaeasoynsuMUL Synchronous Hugluuuinldisdedoya Taelsy
o <3| v o @ U 23 o VoA Y =
I Clock MuTludIMUUATINIE Madetoyaunuililumssu-danaa w1l
A (] = A 9 ' vy 9 A
A, TumsaananuEigel Tenmanvoyaszguyriessninansaiey Joide
19 dyd 9 9 Ia J [ 19 1
Y9INI AUy ALUUNAD ABlFUIUUAIANVDIN BT YYIUNIN NT12IIADIAN
@ 9y
i Clock 11lane

A <3| Vo9
2) MISABAITOYNINUUY Asynchronous Wunis e
1

()
&
2
=D
p——
.
SBe
[e2)]
Lo
—9
RKe

9 1

[ < ) [ [ J
a1 Clock 3J1Lﬂuﬂ’3ﬂ1ﬂuﬂi]Qﬂ3$ﬂ1iiu-ﬁ\1ﬂlﬂua e

U

A

yad o

‘K’JﬁﬂWT‘iuﬂgﬂu‘U‘U
@ 1 2 @ o < @ VoA

Format mﬁiu—m%’ayjaﬁuuumu LAZDIFINITNINUA AITULIIVBINITTIU-TI N

Y [ D
WA UNINSS ULasHaas

Data bit sy Parity bit
i Next
Slart . . . . . . . . . St Siaﬂ
bit | Bit0 | Bit1 | Bit2 | Bit3 | Bit4 | Bit5 | Bit6 | Bit7 | Bil8 bi?p bit
Data bit anadaiiy Parity bit
¥ Next

SEts?:n Bit0 ‘ Bit1 | Bit2 | Bit3 | Bitd | Bit5 | Bit6 ‘ Bit7 Slbi?p Séﬁﬁ|

AT 2.18 Jiluuumsdeasuuy UART
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VINNINTN 2.18 taaeziluunnsd@ea1sved UART Tagfivuagaauiia

1 dy Y A v LA . . & Y
mmuiwmmuﬂu ‘VNPQJQ Receiver LLa¢ Transmitter "Nﬂizﬂﬂﬂﬂ?ﬁl

<
® Start Bit 111 #0142 Low (Logic 0)

o o . d .
® musnfMuATINIUTEYAY0Y Data Bit 1¥iilu 8 W30 9 Bit
®  TINTIMUUATHAVDY Parity Bit 1111 Odd, Even 130 None

® Stop Bit H31MIU 0.5, 1, 1.5 1130 2 U

|

2.9.8 3995050IANNIRINIY (Low pass filter , LPF) [16]

wamma‘uaummmﬁmanwammmmaGﬁvhui]zwuiﬂumammﬁﬂ

(2

A ay A a = J = Ay
NIDPANAADIANTUDVDIDUNAVATNINNITAITNDAANADING (Cut off frequency,

q

(2

[ 1 g 1 { J ' a ua
fo) udnsasezdadyanaunnuninlilvesn liodname ualunal§iiaaces
1 A dy Y 1 ~ 1 A
luansaneuausinnudnilla 19959z A0sa0MsABUAUDIANINDVOITINN

Tudoanisas

=

o @ A d‘a d’ =1 %
MAUVDINITNTOINNNDANNDDUNAAsuLaIDIgadan D (f,)
' ~ o ~ A 2 Vo
YDINIIILADI)AANTADDAUDIANLDAY Tasdnins)deunilastiszyuedny
M@ (Order) ¥9929950399A210D H1 1A 11299305090 NUDNAGUN 1 (First

order) , 191N 2 (Second order) , AAUN 3 (Third order) Fauaad 3 lun1wi 2.19

o =
A MEASUFUSITRATTIUAR A F

v
/ ~20B/ decade | 4 —40dB/decade &~ —00dB/decade
0 e 0 A 0 A
) (v G))

[ 1

NN 2.19 MITABVAUDIAINDVDINITNTOIANNDINAIA VA 9

(n) AMeuN 1 (First order) (%) MAUN 2 (Second order) (f) MAUN 3 (Third order)
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A ] v Ao 1 A Ay v
NNINN 2.19 ﬁ]&‘l’iﬂ’ﬂ?\iﬁ]ﬁﬂiﬂﬁﬂ'JTIJOGHWTHVMB‘]JETH@\‘I?’I’J"I?JQUI&]

YA [ a ~ A o @ ~ 1 A o @ =
Glﬂmﬂﬂﬂﬂﬂ@ﬂllﬂ@]ll”lﬂﬂf;fﬂ 9 A1AUN 3 LAINITNITBIAIININNAIAUFIVEUAINY

[

o 9 A X Y Y a o a Y A o A
“BU“B@HLWN"\JH@TNIITJQ')U Glumﬂwm%Nnﬂi}zuﬂﬂﬂnwiﬂimmmﬂm UNn 2

(Second order) 1NN HBIINA T MR UuoNliesduferadald

vy
Ao I

1. 29930309ANNAMAIHA AUN 1 (First order) 3995NTOIANNDAINIY

[

aeui 1 aansaadelalaeldeeruoniliiesdndon dalugii 2.20 19eeiluewnil

(2

13 A o 9 J a A o A 1 A
mrﬂmqﬂsgwamimmwmuwmuwamwﬁﬂimmma TagaArnnudaa o)

o U L4
mmiaﬂmuﬂﬂﬁ’mﬂmqﬂﬂimmﬂuaﬂ AUAUNIT (2.2)

= — (2.2)
¢ 2mRC '
+ Output

Input R O

O—'W\/—_I:‘C——
L

NN 2.20 1995NT09ANUDAFHIUAIAUN 1

v v
o | [ A

2. NATNITVIANUAAINIUAT AUN 2 (Second order) 1995UBIANNDAN

D-

1 o w ! Y Y1 9 I v A @ {

Audiaunaes ansaadlaielagldooduouilifios duder avlugih 2.21
4 H Y H

19951191992(380 31 3993NTBIANNDUVY Sallen and Key d11512995HANNDAA

o ' S 1
(f.) annsaimualdaaindiginssinaesdnieusnaiuauns (2.3)

1
f. = 2.3
c 2mVR1R2C1C2 23)

dmnsfnualid R1=R2 =R uaz C1 =C2 = C annsnanglIdily

f.= —— (2.4)



Input R1 R2
O——W—e—W\

[

v

C2—f|\_

NN 2.21 21ITNTOIANUDMNIUAIAUNT DY

Output
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UNN 3

Ei'fumum‘saammmmznna%’naam

3.1 MIvNUUVLAZNMIA3192905 uTAT U=z 1

3.1.1 299snasszaudayayias (Converter Circuit)

(9

@ I A o Y A o & ]
y9asulasdyanautluisesnmmihnulasanszaudyana RS232 440g
1 o A < v o % 1 l o A
Tugansaaud -15v 99 +15V iluszaudgyaa TTL Feoglusaanssaui ov o
o = v o Y A v W [ I @
+5v ez luhuesdeanunvziimiiulasszaudyaia TTL naulhiluszay

o & 9 4
e RS232 #4149 1C 1wes MAX232

+5V
o
1 uF
)
1 uF J‘:l:
= 16
1 2
L uF N 6
4 1 uF
L_ MAX232 I
1 uF =
g N
Output 0 Input
8
O— O

15

[

2N 3.1 299sudasszaudya

9 9
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U

3.1.2 293 VVT U (Driver Circuit)

v v

%

(3 o { o 3 (3
e studyanamasitnudasdyana Wi udyanaues Taglu
9 Aa 4 4 I v o Y o )
M30onNULVIL ENIUFAAeI U 25C1815 MuTludvunseualiiny LED Tagii
nIuFaAeiae R1 uaz R2 Maualtuaunszud lvadunsudanes uas

dl ] é 1 v 1 1 d' 9 %
Aszuan lvar1u LED $edananoainnuaiavesuaanvuoen 11 oz ldr9asau

Ty aueaaInIn M 3.2

+5V

50 Q

Input 2kQ

Q2SC1815

Z

[

AN 3.2 299sTUdyaLEas

9 9

d
3.1.3 2993AINAINDS (Detector Circuit)

~ Jd S A o Y A o [
samaes uivsiimihnamadygaaaazulasdaanauag
< o s . o A
Wudwans i lusesdmamesag 19 Photodiode 1105 EL7900 1@1Hi0391n
[ d‘ 9 4 =) I'4 g’; =Y d' 1 9 1 =
wanuin ldeonunnneninavesnsamames Tulidygraineedisoou 39
9 = [ é Y o [ 9 o
dealimsvenedayyia ¥9ldiiniseenuuulsrsveredyas Iaoldoetuoui
4 o 9 = [ =) P Y o
o5 LM741 yhwinvenodagna 1995amames nesnuuuaudonmue 1y Data
sheet U4 Photodiode a28m3ladadiumu Tasainldarsuanlszanm 13 kQ
i

o ldTunasues LED #liA1n210e3190g524319 0 lux D9 500 lux TAg@11150

= SN Y o A
@ﬂﬂlLUqufﬂiﬂlﬂﬂ!ﬂﬂﬁqﬂﬂ\iﬂWWﬂ 33
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100 kQ

+15V

2N Output

LM74]1 J

W

N
Photodiode

EL7900 3

= a s
AINN 3.3 NITAUNAUNDT

-15V

3.1.4 2993UeNYAYY I (Signal Amplifier)

[ A = d v A [ A o (=
YUYIUNIDNUIVINNITAUNALADT LINVUIATYY1UNADY ]lﬂJ!WENWfJ%Z

[

U

9 Y 1 o Y ES 9 o @
Yowdhgreasudasdyoald duiuddesimsvesdyniulagrssvers

o & g9 7 ~ A 1w 2
Yy %419 IC 195 LM741 UuuuINANINY 1 MHz Tﬂﬂﬂﬂﬂl!ﬂfﬂ JU

[

Mviua 1 RI = 20kQ Rf = 100 kQ
100 kQ
_IM—
+15V
20 kQ ,
A 6 Output
| 3 [LM741 ——O
—— OoO——
- Input

MW 3.4 1ITVIOTYY I

-15V
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3.2 MINUUVLAZNMTA3 1929031 HIATINUIZEZN 2

aa v

3.2.1 2smasdyanameuzasniludyana@dna (ADC Circuit)

@ < @

< @ an 9
2eslasdunaeuzannilu YYr1uAINag clumaeammmziﬂu@a

99

aa o a

¢ L 2 o 9 A o < S
183 PCF8591 daijuhmihnulasdyaraeusdeniilufaiaviia 8 1ia (Analog

.. = 4 4 I v @
to Digital Converter : ADC) Iagli luTnsnouInsamesiues STM32F0 Hludldans

o 14 Ay ¥ 1 @ Aa o A A
uazalugu dygraeianai laegluglvesdygraadinannasumlasaiy

Q U

@ < Aa Y v A
yanaeuzaeniiouna 1 1dasdanni 3.5

+5V +5V
+3V
10 kQ 10 kQ T
16T 0 =
<>
I t 2 FB7 Output
put 4 . PA9 utpu
-O— PCF8591 STM32F0
10 PB6 °©

oL T

o ana o

=~ o o <
HINN 3.5 ’J\'ii]illﬂa\'iﬁilluillu1ml,!ﬂu$ﬁ’é]ﬂLﬂut’(ﬂ]ﬂﬂﬂ!ﬂﬁ]ﬂﬁ

99

U

3.2.2 19959V IMuad (Driver Circuit)

v v

LA o { o I o
esvudyanamas imhnulasdyana i iludyanavas Taelu
Y J < v W Y o A
MseontuUe 1% T?Jﬂalllﬂﬁ PT4115 v uduarvunszudliny LED uaznszudan

Ivar1u LED edananeninnuaingvesuasniuoon 11 o larsesvudayna

HANAININN 3.6
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+8V

I

LED+
Input
—o0—DLPIMI pryygs al
LED-
LED
Xlamp7090

1

%

MWN 3.6 2IIVUAYYIDILET

= d
3.2.3 NIIAUNANDI (Detector Circuit)
= I A o Y Aa o o

vsamawesiursiimihnamadyanauaaazulasdyaamag
< [ o o 4 . 4
Wudgana Wi vazihdyaraldih Tuaesdmamesvz 19 Photodiode 1103
TSL14S 1119991061 Photodiode Iimsvenodyaaluda uagamdorivmualu Data

. 9 "o 9 1 iq 9 1 4 Yo

sheet YB3 Photodiode A28ms ladaduniy Tasarnldnsiian 10 kQ e ld5Duds

494 LED NTA1A11081IAAU0gT2 1319 320 nm 04 1050 nm 1ag@11500901D1

= I Yo =
jﬁﬂiﬂlﬂﬂ!ﬁaﬁqﬂﬂQﬂWWﬂ 3.7

+5V

Output 3 /
O ~)|
Photodiode

1 TSL14S

10 kQ

A = J
NINN 3.7 NWITANANDT
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3.2.4 29masdyanadanailudyaameuzasn (DAC Circuit)

@ < @ < 9
sulasdyaupnatudgyananensaen Tunisesnuuvaz 1luga

4 =2 g o Y A o aa o <3 a ..
193 PCF8591 aailuhvvinuag agapmmmmﬂuuauzaaﬂmum 8 U# (Digital

=

s I < v O
to Analog Converter : DAC) 1agii lulasaeuInsamesiues STM32F0 (Huaadq

o S Ay Y o g A a4
mMsuazAIuay doygoueianai laegluglvesdyamueuzaoniulasunilas

u u

]
v v IS

audyanuadianouna sz laaesaining 3.8

+5V +5V
+3V
10 kQ T

: 6T 10 kQ 0

9 PB7

Output 4 * PA10 Input
O—— PCF8591 STM32F0 (o]
10 PB6

ol T

an o

I~ o < 3 o
HINN 3.8 ’J\'ﬁ]‘illﬂa\‘i tuutuumuauxaamﬂu YYIUAING

41 o _ _
3.2.5 'J\‘lﬂ'iﬂ'i@ﬂﬂ?ﬁ»lﬂﬂ"lw"I‘I»!!!‘]J‘]J!!ﬂﬂﬂw (Active Low-pass Filter)
4 I ] ~ ] { {
Ifieiiluassnsesdganandos Tasnsesdynimsuniuninnuiga
I o 1 Y Id
200 NMIPBNUUVITUITNTBIR ULV VAN WAL 1 (n=1) Tas Fooiuonil
4 Ao 1 ~ A o o Y
105 LF833 N300n1ULU9snsosnnudariunaudan (fo) =3 kHz v1ld 1ao
° ] = ° Y Y =K ° ' P
MruamdunUlsey C Fus1muualn C = 10nF uar3anmuun1glnsaiaig
111995

o ' J {
AnuigUnsal ldmuannsn (2.2)

1
f. =
¢ 21RC

1
27f.C

1
2m(5.1 kHz)(10nF)
R = 3.1kQ
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dioansamuiaaigUassidunuuiluiteuiestaiai a1 1dluaees

o <
ANNINN 3.9

Input  5.1kQ
o—AW l

10 nF

5.1kQ Input

Output  Output
—0 o—

4 A5 ~
NMNN 3.9 1ITNTOIANNDMFIULDLLEANY
(N) 2199FNTBIANNDMWIULLLEANHUDINIAES

(V) 1993NTBIANND WU DEANHYDINIATY

3.2.6 2993UNATYYIONTEI (Audio Amplifier)

Ty 11 N00NNIININDT Active Low pass Filter 630U 11Ty 14 Ne10¢
v & =2 9 o w ~ o . . & q9 ¢
IR Ty TIIN1NINITVE189995 Audio  Amplifier H91%F IC 11073
= a S 1w o Y A [ 1 A A
LMS833 Nuuuanamiiny 15 MHz iwinveredaa sk iuanudided lagmwig
Iy~ o (% dy
TagoonuuylHNens eIl
o Y .
Mruale Ri = 10kQ
Rf = 1.1kQ

Taga115000NILLINITVOBTQIaLTEe IaAIN TN 3.10
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Wy

5V

Output
Input Output

—0 O—4

Q)
dl 3 =
NINN 3.10 NITVIYAYUIULTYS
= 1

(M) NIFVNIAYYIUTIIVDINAT

(¥) NITVOWA Y IMAIIUDINIATY

3.2.7 2993VNYAYSYIN (Signal Amplifier)

[nput

—O

(V)

[ A = J v A [ A o 1A
YYIUNIDNNIVINNITAUNAADT GINVUIATYYT1UNADY h13\1!,‘WEJ\‘i‘l'\lii)ftlg

[

Y
%

U

£y

LY Y 1 @ aa v < Y o o
Yowdgrasulasdyauainailueuzaon 1d aniudsdesihmsvenedynw

=

o 4 a d 1w
Tagnsvsvenodana 3% 1C wes LMS33 Tuuuindminy 15 MHz Taveonuuy

[

N

=le

mvuald VRI = 20kQ
Rf = 10kQ

o Y v A
IﬂfJﬁ'lﬁJ'ﬁﬂ@@ﬂll‘U‘U'J\i%5"1]8151@1@@1‘@1!11@@\11711“14 3.11

20kQ

(0]

Output

Input

MW 3.11 NITVedy I

O
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3.2.8 MsvnuUULAzAIURNMSHUaIT R I A/D D/A G

d
Tulasneulnsaans
a = o J o ~
Flow Chart ﬂ‘ﬁﬂ1ﬁlﬂ\1ﬂ”lﬁ‘l/n\‘inlusll@\ithIﬂiﬂ@uiﬂiam@iﬂﬂuﬁﬂﬂiuﬂTWV]

= o Y ay g
3.12 HAIFATNITONY code ﬂ151/]1\1]uﬂgﬂﬂﬂl'HAlclfblﬂ‘ﬂﬂ']ﬂwufJﬂ i

( Start ) ( Start )

Wl 2C Whganzisudu

M 2C ihganzisudu

A 4

9 Address Byte

@9 Address Byte

A 4

¢4 Control Byte

v davoyavua 8 in
Sudoyavua 8 ia 163 PCF8591
910 PCF8591
\ 4

A 4

Wi 2 hganzvga

Wl 12¢ vhgan1izvga

A 4

End End

(n) (V)
A @ Y 4
AN 3.12 Flow Chart muaumsulasdyanuaielulnsnounsamos
[ J
(1) Flow Chart Augumsuasdyais A/D aae luTasnouInsames

@ J
(¥) Flow Chart Augumsuasdyais D/A daeluTasnoulnsames
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' ~
1Imagdulasanuszezi 1

5V
o
1uF
T ]
1 uF :l:
= 16
1 2
5V
1 uF + 3 6 @)
[ 1
: 1 uF
T ! MAX232 | 2 500
1 uF i =
K ’l'\ 5 5
Taput 2 kO [\
o 8 9 > L~
Q2SC1815
1
15
r— %

MUN 3,13 WIITMAGITYIU ASCII code



1smasululassnuszazi 1

+5V
o
1uF
T ol
1uF I
= 16
1 2
1 uF 3 6
100 k€2 2 MAX232 | L
W [ - L

b2

Il}j

v

=

oA 3]
e

+13V ! 5
200 .
6
+5V -15W 15 |
i
3

X D
Photodiode |
EL7900

[

MW 3.14 1IIMATUTYY I8 ASCII code

Output

36
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qI1a-9X
41 a1

+ddT

STIFLd

A B+

na

6vd

<

9ad 8
0JTEINIS
] VaS
nﬁ 0T oI01
At 2

CUzRILRLEEEV [ PRULLEREE
—WN [}

1658104

NIV

pREirLitfaprBuLELeL ST UMLY
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SFITSL
apoperong

7

(4240}
A

1

— m
n_um
AS+

T|scsr
% 1 6Vd
1 3

=

oad 138
ATENLS
lad Vas
_u o1 orol
ASH

1658104

LOOV

At

4 Knmuw;_xvvw@ﬁ;ﬁ:\m@rgwevﬁ

pREitsLisfpresLeeere 91 UMLY




UNN 4

MINAadIAZHANINAADY
4.1 Manaasdlulassnuszazi 1

4.1.1 MsnaasasdyanmsHanean (ASCII code) unaanuyl3ae

< o 4 ' ] y
LﬂuﬂTi‘VlﬂﬁE]\flﬂﬁ‘ﬂNTLJGUEJQig‘U‘Uﬂﬁﬁ"é]ﬁ"liW1u!lﬁdllﬂﬂhliﬁ'1ﬂlﬁf]

9

[

1w 9 ' 9 {
naassnNuansalumMsasdyaavoyar il Tasdyauvoyanlonaas

U

U

< @ @ 2 A 1 a
uJu iIJUiIJU'ImiWﬁL!'E]ﬁﬂ NTLYCUN 50 [ BUANNT

AN 4.1 MInaaeIdyna ASCIH code uuanuy 15a1e
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4.1.2 WamMInNAaoIaIdayey Il ASCII code Funaanuyl3ae

@Rx - HyperTerminal g@
File Edit Wiew Cal Transfer Help —‘
-4 3 DBy >
COM1 Properties @
aaPaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBaBall -
Port Settings
AR AR A A A AL A AL A A A A AL AL AL A AL A AL AL A AL AR
bbob6bdbdbibdbibibibobibibobibibibobdbibobibobibib
BBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTBTB1 Bits per second: 12400 ‘:i
ccochedcdcdcdcocdcdcdededcdcdcdcdcdededcdcdededede .
Databits: | 8 vl
CCICICICICHCICICICICICICICICICICHCICHC HCICIC FCIC T =
abcdefghi jklmnoparstuvwxyz Paiity: [ None :'l
ABCDEFGHT JKL MHOPQRSTUYHRYZ -
0123456789 Step bits: |1 ]
Flow control: ;Hardware 3|
Connected 0:04:51 Auto detect 2400 8-N-1 UM
[ 0K J [ Cancel ] [ Apply ]

MUN 42 MINAaeIdIdy I ASCII code 11 2400 Bits per second

@&nx- HyperTerminal E]@
Fle Edit View call Transfer Help T
0= E DB
COM1 Properties
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaad -
Port Settings
AAAAAAARAAAAAARAARAAAARAAAARARAARAAAARAAAAAAAAAAAAAA
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbhbl
BBBBBEBBEEBBBBBEBBBEEBBEEBBBBEBBEEEBBEEEBEBEBBBEEBBR Bits per second: | 9600 V_f
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeeey
Data bits: | 8 ‘v?
CCCCCccooececeeceococececececeececceoocceceoceeececeeeoeceeeey —
abcdefghi jklmnopgrstuvexyz Paiity: [None z‘
ABCDEFGHIJKL HNOPQRS TUYHKYZ ) o
0123456789 Stop bits: |1 vl
Elow control: VHardware tA[
(Connected 0:04:37 Auto detect 9600 §-M-1 HUIM
[ 0K ] [ Cancel ] [ Apply ]

@

NN 4.3 MINAaOIAITYYIY ASCII code 71 9600 Bits per second

g 9
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4.1.3 asdwamInaaes

1INNMINAREINIAIdY QI ASCII code Hutaauuy a1 wuansda

] ' ] R ) o & ,
magamuumgmu”limﬂuu‘m”lﬂmmumaﬁwayjaiumﬂ aumunmmllﬂ TOREREM

= a A 9 v A N o Y
llﬂ"IﬁWﬂlWﬂuﬂJﬂQﬂJﬂl“l’allﬂluﬂ\‘ﬁnﬂiJ ﬂulﬂlu”Iil\lll,'ﬁﬂiUﬂﬁu%TﬂﬁﬂTWLL’Jﬂﬁ@NQQNWﬂ

4.14 '3ms1zﬁwamﬁmam

9
1INNMINARBINTAIdY QI ASCIT code Huuaanuy 1 aeiu agl1aa

v

vy 1 9 o 2 £ ' A o A A
ﬂ'lﬁf’f\‘]ell@QQW'IHLLENLLU'Ullﬁﬁ'IEJHH"l]'llﬂ‘L!G]@\‘]@Qﬂﬂ%Llagﬁ'llLﬂuﬂwlﬂiJ'lZﬁiJLW’ﬂ

A a ] il 9 3 9 Y v A A
Usz@nsnnlumslFnuna a1emai 980908 NUU VLA WAL TNATUNUIAL

q

[ v 9 1 =K 9 = o 1 d'
muapmblﬁ'"luuaﬂmﬁzaz 5AT WADIUNTITODNLUULASNANUIINITNIAT LND

A a A 1o 9 ya X
mndseansamlumsdsdyanudoyaliaiu

4.2 MInaasdulassnuszasi 2

[ 4

4.2.1 MsnaavuneAnIMsasTyanatoyarumamuyliae

v v

o ]

' Y g Yy o
611!')\'1i]'ifnﬂﬁ\?ﬁiUiUWﬂlWWHLLﬁQLL‘U‘Uhli?ﬂﬂuu ”lmmwaammuuazwwm

99

S é

4
v 1 <
FAAITAULAININNITNAADINTITAIAYYIUNHIUNN GﬁﬁﬁluﬂWiﬂﬂﬁ@\‘iﬁﬂmﬂuﬂWi
U 1 d’ 1 d' 1 =)
1/1ﬂamG]gﬂmmumwamazmmizﬂzmmazummﬂumﬁm Tﬂﬂuﬁﬂﬂﬂﬂﬁm@ﬂﬂ
wamimaaﬂugﬂlmumﬂﬂuﬂmmmﬂ fl
1 a J A o dy
ATNITTUINDTIA N UAIU
Supply Voltage 8 V

HRUNAYAVDITYAY IV 2 Vpp

ANNDVOITY QI 50 kHz



AT 4.4 ManaaeuieAnyIMsdsdyanadoyarunawuy1iae

1. HamMInaaog

Maadya I

9

Voya

- HaMINAaRINIZEL 1 1NAS
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fuaanu 15 ae LaaIInIng 4.5 54 4.9

2400.00
2200.00

1800.00
1600.00
1400.00
1200.00
1000.00
800.00
600.00
400.00
200.00
0.00

2000.00 -

—
o

0

1

2

3

4

5

6

7

8

9

10

e— 5222 I 0 NaALAT
— g e 1 NaaunT
e 3221 INTA 2 NARINAT
— e i 3 NaALnT
e— gze12 10 4 NaALURT
s 32212 WA 5 NARINAT
s 92812 104 6 NABLUAT
s 3221 IR 7 HARINAT

seazlvia 8 Hadwums
s 92812 14 O NAALUAT

szaizlvlia 10 Jadmng

H [ v J 1 [ 1 H 1 H
M 4.5 n3aNUAURUTIZHINTIAUANMTBI IUNIT T (NAARINTZEL 1 11AT)




- wansnAaeeNszas 2 1Iuns

43

1600.00 -
1500.00 -
1400.00 -
1300.00 -
1200.00 -
1100.00 -
1000.00 -
900.00 -
800.00 -
700.00 -
600.00 -
500.00 -
400.00 -
300.00 -
200.00 -

100.00 -

0.00 T T T

e— gz e 1 Nadluns
e 22 WA 2 NaANAT
e 52212 1904 3 NARINAT
e 01 IR 4 HaRNAT
e 212 5 NAR AT
s 92812 194 6 NABLUAT
s 3221 IR 7 NARNAT
e 92212 9 8 HABINAT

szaizlia 9 Nadums

s 3221 IR 10 DARINAT

{ v o J v 1 { U {
ﬂW‘I‘ﬁ 4.6 ﬂiiW\lﬂ’3111ﬁiJWH‘ﬁ‘J%‘I’i’JNLL‘J\?ﬂHG]@MNLﬁEl\iqluﬂﬁﬁ\i (ﬂﬂﬁfl\i“ﬁigﬁflgﬁ 2 1U819)

- HaMINAARINIZL 3 INAS

700.00 -~
650.00 -
600.00 -
550.00 -
500.00 -
450.00 -
400.00 -
350.00 -
300.00 -
250.00 -
200.00 -

150.00 -
100.00 - TT——

50.00 -
0.00 T T T

e gye1 I 4 HaR AT
e— gze 2 5 NaAlunT
s 3221 I8 6 NARINAT
e gyee i 7 Na8ung
e— gze 2 1 8 Nadlums
s 32212 I8 O NARNAT

e 92212 I8 10 DARINAT

{ [ v 7 1 [ 1 H 1 H
MNAN 4.7 n3aNUAURUTIZHINTIAUAN MBI IUNIT T (NAARINTZEE 3 1WAT)




- WanMsnAaeNszas 4 1IuAs
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450.00 -

400.00 -

350.00 -

300.00 -

250.00 -

200.00 -

150.00 -

100.00 -

50.00 4 ——
T

0.00

o
N
N
w

e— 5222 1 5 NaR AT
e 201 IR 6 HaRNAT
e 3212 0 7 HARINAT
— gze 1 8 NadlunT
s 32212 IR O NARINAT

e 2212 A 10 DAAINAT

{ v o J v { 1 {
ﬂW‘lﬁ 4.8 ﬂiiW\lﬂ’3111ﬁ'iJ'WL!‘ﬁ‘i3WJNll‘iﬂﬂl‘mflym‘ﬁﬂxﬂuﬂﬁﬁ\‘l (ﬂﬂﬁflﬂ“ﬁi%ﬁﬁl%ﬁ 4 14919)

- HAMINABRINIZL 5 INAT

250.00 ~
225.00 -
200.00 -
175.00 -
150.00 -

125.00 -
100.00 -
75001 \

50.00 -

25.00 -

0.00 T T T

o
N
N
w

e 3221 IR 7 NARNAT
e gze2 Il 8 NadiumT
s 92212 I O NARINAT

e 32212 IR 10 DARINAT

{ [ v 7 1 [ 1 H 1 H
MNN 4.9 n3ANUAURUTIZHINTIAUANMTBIIUNIT T (NAARINTZEL 5 1WAT)
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2. agidwaminanes

@ 9

1nmMsnaasuieAnyIMsdsdygudoyariunawuy 1$ae wudid

o o q YN o ¥ = Y
szaz 1A auIN Iz IR DU EUATAAANMVULAINNVY FINA ITNTLOLAT

9

' 2 T A A v o Y} Y o Y o q ¥
BN iUuﬂJUTmellﬂjallajJ1ﬂ“|JuL!ﬁWHVl(1uﬂ1551J iy‘ﬂlﬂmuﬂﬂm ﬂ1538317\|ﬂﬁu98ﬂ37\11ﬁ

= o Y dﬂ@l 9 Y U YA 1 o 9
VUALTINIWNVULAS AN ULVULUAIUD YA ffx‘]Wﬁi‘ViiJig8$ﬂ1if’f\1f’fﬂluﬂlu1m"llﬁlyja

9 ldy A v K
YevawanuilumsSudaanaanniu
3. 3!ﬂ51$ﬁwﬂﬂ1§‘nﬂaﬂﬁ

@ 9

] 9
1nMInaasuieAnyIMsdedyaaveyarmunasuy 1meiu agil 14
9

[ { [ ] 9 1
’3158EJ%T]NLL@ZMM%EJ\ﬁuﬂﬁﬁQ ilJiy'lmﬂJE]iJﬁN1u!LﬁﬂuU’Uuliﬁ18ﬂ$ﬁﬂﬁﬂ‘i$“ﬂﬂ@]ﬂ

1w 9/ & a 1 % 9 1
Msaadyaradoya DNNITILMIHANsUYIdY IUTOYaADY

9 2 Y A { 'o ] 1
ﬂ’JEJL’HG]ﬁ%\‘l@]@\‘l'ﬁ]'ﬁ]ﬂlmﬂlmgw\lﬂ\l’)\‘li]iﬂi'ﬁ']\‘iﬂ’ﬂilaﬁ1N1u'ﬁ\11u3\1%5ﬂ1ﬂﬁ\1

q

[ A 9 A o Y o A A 1
LLaZUﬁﬂiﬂWﬂiULW@iﬂLWNW&ﬁuﬂﬂ$u1ﬂ11%ﬂﬂiﬂﬁﬁ\11u Lu@x‘lﬁﬂﬂﬂJNfJuhl"UﬂWiﬁ\?

3 v

@ 1w 19 ' Y A
wanaiudesdsdaanald hideoninsze: 5 was Tedeslinseonuunuaz iy

Ao 1 A A a a [ 9 Qldél
'Ni]iﬂiﬂﬁﬂ?WﬂJﬂﬁ?WWHLWﬂlWﬂJﬂiZﬁ‘VI‘ﬁﬂWWGluﬂWiﬁ\? iUuiUUWmﬂlﬂﬂaljaGlﬂWllu

Y Ao v

4.2.3 MINAABININNIIVINTDINNINDA WY (Low-pass Filter)
A6 13 Y v < 4
Turevsnsesnnuddruiiv lainmseenuuuldiiluissnsesniuie
1 = = 2 <3| Ao 1 A~
Aunuureanyl Falunisnaasataziunineas199nIeInNudAIHIUNY

{ o [ { I o

anwdda (f,) = 3 kHz Tasdnanudeyanldmassuiludyanaudeslugduunves

=S
IS HNINITGN
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1. NaN1SNABBINISINNINWINITBINNNDR AN

2

¥

St

2014/05/19_08:59:01
kHZ/div

opped 2014/05/19_08:57:26 opped

CHI=10dBY .  CH2E2V KHzZ/div CHIS500mY.  CHZ=10dBY
e 11 od} 1 oC 11 od} 111

NORM NORM

1(2) © 0.000Hz | P1(2)] 4.1dBYV
2(2). . 3.000kHz | P2(2) -48.3dBY.
2) | 3.00DkHz | aP(2). -52.5dBY

=Filter= =Offset= R Trigger: =Filter= =Offset= =R Trigger:
Smoothing : OFF CH1 @  0.000v Main : 10K  Mode : AUTO Smoothing : OFF CH1:  0.000v Main : 10K  Mode : AUTO
BW ! FULL CH2: 000V Zoom @ 10K Type : EDGE CH1 & BW @ FULL CH2: 000V Zoom @ 10K  Type : EDGE CH1 &

(n) (V)
MNN4.10 MNaAATUADULAZHAINIUINITNIDIANUDAINIY

(M) MnalaasuNeUAININRTNTBIANUDAINIY

(V) MalAnTuHaININIRTNTDIANNDAIHIY

2. agdwaminaasy

INNITNAADULBINYINITNTOINNVAAIN Y WU NTYIUTUNIUND

4 1 1 1 9 1 a g (%3
ANuDNINNI 3 kHz 3¢ luaunsoru 1118 uazdreannnuraiiouvesdyn o

d
3. AATIZHEANMINAADY
A A o ] g’; Y A A
AINNITINAABDINTITINUINITNIDNAITUDATNIUUU ﬁ?ﬂllﬂ’JWLiJfJLWN’Nﬁ]i

Ao 1 9 A U @ o 9 1 v 9
ﬂﬁ@ﬁﬂ?WNﬂ@WWWHL"lﬂqﬂ‘ﬂ’NﬂiﬂWﬂﬁﬁlLaVJ\WiﬂWﬂi‘U %%‘V]ﬂﬁﬂﬁﬁ\‘l Yyrudya

Y ' '
=< =< 1

= a A A 9 = 1% 1 v A =
Hdszansnmmuay “]NﬂTVHﬂL‘]_EfJ‘ULﬂfJ‘Uﬂ‘]J’NEﬂiﬂ1ﬂﬁ\‘1lm$’3\‘1*ﬂiﬂ1ﬂiﬂ‘ﬂhliJiJﬂTi

A Ao 9 a a 9 '
!,CW'JJ'NED3ﬂ3@\1?]'3’111'3@’][}4’]“lGU’ll‘l‘]_]‘]_lﬁgﬁﬂ‘ﬁﬂ’]Wﬂ@ﬂﬂ'J’l

4.2.2 mynaavsasdanaudasiunasuuylime
lurwrsmaduazrvrsmaiudyanadunawny1¥aeniu 185ns

PONUUULAZWAINIINITNIATILAZINTAIATVIINNTNAADINHIUN G’Tiﬂums
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dy I U ~ ] 9 ~ 1 1
naaosazlunsnaaosas iUuiUUTmLﬁENNTHLLﬁ\‘lLLU‘]J]lﬁﬁTEJVﬁgEJ%‘WT\WHQG] Iﬂ&l

Tyynnadoya

A I o 2 =
nlsneasuiludyananaslugluvuveudsamnas

AN 411 mInasesdsdyaandssiuuasun1iee

w

1. wamsasdanodasiumaauylae

o

HANIINAADILAAIAINING 4.12 ﬁ\‘l 4.13

Stopped

| 2014704730 18:48:28 Stopped Q 2014704 /30 18:48:56
CH1=500mY 10ms /div. CH2=200mV 10ms/div
oG 11 (10ms/div) bC 11 (10ms/div)
: : MORK100KS /s HORM: 100KS /s
N n|
W'l | 1 1 0TGP N W Ul ABR | ILELIT ‘ I
E | I 1 1 th oz Tk i
|=Tracel= N L 2,040V Rmg 328.7m¥ Fng 294.1Hz =Tracez= P-P 944, 0my Rm:s 146, 5my Freq 192.3Hz
Filter =OFfset= =Recard Length= =Trigger= =Filter= =OFfset= =Record Length: =Trigger=
Smoothing * ON  CH1 0.000v Main : 10K Mode @ AUTO Smoothing : ON  CH1 0.000v Main 10K Mode @ AUTO
BW  FULL CHzZ 0.000v Zoom @ 10K Type : EDGE CH1 £ BW : FULL CHZ : 0.000v Z

oom : 10K Type : EDGE CH1 £
Detay : 0.0n5 Delay 0.0n5
Hold OFF :  MIMIMUM Hold OFF :  MINIMUM

MUN 412 MNTYYITEINIITAINTWALIDINATY

=

(M MWTYY I TEIN1ITAIAT

v
= =

(V) MNFYYIVTIINIITAATY
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—wSlepped El 200405415 144023 —wSlepped 4 2014705795 151320
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#include "stm32{0xx.h"
#include "stm320518 eval.h"
#include <stdio.h>
#define SEE_ FLAG TIMEOUT  ((uint32_t)0x1000)
#define SEE LONG_TIMEOUT  ((uint32_t)(10 * SEE_FLAG_TIMEOUT))
_ IO uint32 t sEETimeoutl =sEE LONG_ TIMEOUT;
#define sSEE READ ADDRESSI1 0x3
USART InitTypeDef USART InitStructure;
static 10 uint32_t TimingDelay;
void TimingDelay Decrement(void);
void Delay(_ IO uint32_t nTime);
void usart] _putc(unsigned char ¢);
void usart] _puts(unsigned char *s);
int usartl_getc(void);
#ifdef  GNUC

#define PUTCHAR PROTOTYPE int __io putchar(int ch)
#else

#define PUTCHAR PROTOTYPE int fputc(int ch, FILE *f)
#endif
int Read I12C(uint16 t ReadAddr);
int x=0;
int main(void)
{

if (SysTick_Config(SystemCoreClock / 1000))

{

while (1);
H
12C_InitTypeDef 12C_InitStructure;
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sEE_LowLevel Init();
12C_InitStructure.I2C_Mode = [12C_Mode 12C;
[2C _InitStructure.12C_AnalogFilter = [2C_AnalogFilter Enable;
12C_InitStructure.I2C_DigitalFilter = 0x00;
[2C _InitStructure.12C_OwnAddress1 = 0x00;
12C_InitStructure.I2C_Ack =12C_Ack Enable;
12C_InitStructure.I2C_AcknowledgedAddress = [12C_AcknowledgedAddress_7bit;
12C_InitStructure.I2C_Timing = 0x00210507;
12C_Init(sEE_I2C, &I2C InitStructure);
12C_Cmd(sEE_I2C, ENABLE);
USART InitStructure. USART BaudRate = 100000;
USART _InitStructure. USART WordLength = USART WordLength 8b;
USART InitStructure. USART StopBits = USART StopBits 1;
USART _InitStructure. USART Parity = USART Parity No;
USART _InitStructure. USART HardwareFlowControl = USART HardwareFlowControl None;
USART _InitStructure. USART Mode = USART Mode Rx | USART Mode Tx;
STM_EVAL COMInit(COM1, &USART InitStructure);
printf("\n\rUSART Printf Example: retarget the C library printf function to the USART\n\r");
while (USART_GetFlagStatus(EVAL _COMI, USART FLAG TC)==RESET)
{}
x =Read I2C(sEE_READ ADDRESSI);
while (1)
{
12C TransferHandling(sEE 12C, 0x91, 255, 12C SoftEnd Mode, I2C Generate Start Read);
while(I12C_GetFlagStatus(sEE_12C, I2C_ISR_RXNE) == RESET)
{

}
x =I12C ReceiveData(sEE 12C);

usart]_putc(x);

}
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}
int Read I2C(uintl16_t ReadAddr)
{
int adc;
12C_TransferHandling(sEE_I2C, 0x90, 2, I2C_SoftEnd Mode, I2C Generate Start Write);
sEETimeoutl =sEE LONG TIMEOUT;
while(I2C_GetFlagStatus(sEE_12C, I2C_ISR_TXIS) == RESET)
{
if((sSEETimeoutl--) == 0);
}
12C_SendData(sEE_12C, (uint8_t)(ReadAddr & 0x00FF));
12C_TransferHandling(sEE_I2C, 0x90, 255, 12C_SoftEnd Mode, 12C_Generate Stop);
12C_TransferHandling(sEE_I2C, 0x91, 255, 12C_SoftEnd Mode, I2C_Generate Start Read);
sEETimeoutl =sEE_ LONG_TIMEOUT;
while(I2C_GetFlagStatus(sEE_12C, I2C_ISR_RXNE) == RESET)
{
if((sEETimeout1--) == 0);
H
adc = 12C_ReceiveData(sEE 12C);
return adc;

}

void usart] putc(unsigned char ¢)
{
while(USART GetFlagStatus(USART1, USART FLAG TXE)==RESET);
USART SendData(USART]I, (int)c);
H
void usart] _puts(unsigned char *s)
{
while(*s)
{



usart]_putc(*s++);

H

H

int usartl getc(void)

{
while(USART GetFlagStatus(USART1, USART FLAG RXNE)==RESET);
return(USART ReceiveData(USART1));

H

void Delay(_ IO uint32_t nTime)

{

TimingDelay = nTime;
while(TimingDelay != 0);
}
void TimingDelay Decrement(void)
{
if (TimingDelay != 0x00)
{
TimingDelay--;
H
H
PUTCHAR PROTOTYPE
{
USART SendData(EVAL COMI, (uint8_t) ch);
while (USART GetFlagStatus(EVAL COM1, USART FLAG TXE) == RESET)
{
H
return ch;
H
#ifdef USE FULL ASSERT

void assert_failed(uint8_t* file, uint32_t line)



{

}

while (1)
i
b
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#include "stm32f0xx.h"
#include "stm320518 eval.h"
#include <stdio.h>
#define SEE_ FLAG TIMEOUT  ((uint32_)0x1000)
#define SEE LONG_TIMEOUT  ((uint32_t)(10*sEE_FLAG_TIMEOUT))
_ IO uint32 t sEETimeoutl =sEE LONG TIMEOUT;
#define sSEE READ ADDRESSI 0x40
USART InitTypeDef USART InitStructure;
static 1O uint32_t TimingDelay;
void TimingDelay Decrement(void);
void Delay(_ IO uint32_t nTime);
void usart]_putc(unsigned char ¢);
void usart]l_puts(unsigned char *s);
int usartl_getc(void);
#ifdef  GNUC

#define PUTCHAR PROTOTYPE int __io putchar(int ch)
#else

#define PUTCHAR PROTOTYPE int fputc(int ch, FILE *f)
#endif
void Read 12C(uint16 t ReadAddr,uint16 tadc);
int x=0;
int main(void)

{

if (SysTick_Config(SystemCoreClock / 1000))

{
while (1);
H
12C_InitTypeDef 12C_InitStructure;

61



62

sEE_LowLevel Init();
12C_InitStructure.I2C_Mode = [12C_Mode 12C;
[2C _InitStructure.12C_AnalogFilter = [2C_AnalogFilter Enable;
12C_InitStructure.I2C_DigitalFilter = 0x00;
[2C _InitStructure.12C_OwnAddress1 = 0x00;
12C_InitStructure.I2C_Ack =12C_Ack Enable;
12C_InitStructure.I2C_AcknowledgedAddress = 12C_AcknowledgedAddress_7bit;
12C_InitStructure.I2C_Timing = 0x00210507;
12C_Init(sEE_I2C, &I2C _InitStructure);
12C_Cmd(sEE 12C, ENABLE);
USART InitStructure. USART BaudRate = 100000;
USART _InitStructure. USART WordLength = USART WordLength 8b;
USART _InitStructure. USART _StopBits = USART _StopBits_1;
USART _InitStructure. USART Parity = USART Parity No;
USART _InitStructure. USART HardwareFlowControl = USART HardwareFlowControl None;
USART _InitStructure. USART Mode = USART Mode Rx | USART Mode Tx;
STM_EVAL COMInit(COM1, &USART InitStructure);
while (USART_GetFlagStatus(EVAL _COMI1, USART FLAG TC)==RESET)

{

H
Read I2C(sEE_READ ADDRESS1,250);
while (1)

{

x = usartl _getc();
Read I2C(sEE_READ ADDRESSI,x);

usartl _putc(x);

H
H

void Read 12C(uint16 t ReadAddr,uint16 t adc)

{



12C_TransferHandling(sEE_I2C, 0x90, 2, I12C_SoftEnd Mode, [2C_Generate Start Write);
while(I2C_GetFlagStatus(sEE_12C, I2C ISR _TXIS) == RESET)
{
h
12C _SendData(sEE_12C, (uint8_t)(ReadAddr & 0x00FF));
while(12C_GetFlagStatus(SEE_I2C, 12C_ISR_TXIS) = RESET)
{}
12C_SendData(sEE_12C, (uint8_t)(adc));
12C_TransferHandling(sEE_I2C, 0x90, 2, I2C_SoftEnd Mode, I2C No_StartStop);

}

void usart]_putc(unsigned char c)

{
while(USART GetFlagStatus(USART1, USART FLAG TXE)==RESET);
USART_ SendData(USARTI, (int)c);
H
void usart]l_puts(unsigned char *s)
{
while(*s)
{
usart]_putc(*s++);
H
H
int usartl getc(void)
{
while(USART GetFlagStatus(USART1, USART FLAG RXNE)==RESET);
return(USART ReceiveData(USART1));
§
void Delay(__ IO uint32_t nTime)
{

TimingDelay = nTime;



while(TimingDelay != 0);

}
void TimingDelay Decrement(void)
{
if (TimingDelay != 0x00)
{
TimingDelay--;
}
}
PUTCHAR PROTOTYPE
{

USART SendData(EVAL COMI, (uint8_t) ch);
while (USART GetFlagStatus(EVAL_COM1, USART FLAG TXE) = RESET)

{
H
return ch;
H
#ifdef USE_FULL ASSERT
void assert failed(uint8_t* file, uint32_t line)
{
while (1)
{
}
}

#endif
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7 5299 525.6 448.4 309.6
8 965.8 858.0 550.5 236.4
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7 5299 525.6 448.4 309.6
8 965.8 858.0 550.5 2364
9 1494.0 | 1289.0 | 970.1 126.7
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PT4115

30V, 1.2A Step-down High Brightness

LED Driver with 5000:1 Dimming

GENERAL DESCRIPTION

FEATURES

The PT4115 is a continuous conduction mode inductive @ Simple low parts count y
step-down converier, designed for driving single or ®  Wide input voltage range: 6V to 30V
multiple series conmecicd LED efficiently from a & Upto | 2A output current
. - ® Single pin on/off and brightness control wsing DC
vigltage source higher than the toal LED chain voltage. voliage or FWM
The device operates from an mput supply between 6% ®  Upioe IMHz switching frequency
and 30V and provides an externally adjustable output ®  Typical 3% output cusrent accuracy
current of up to 1.2A. Depending upon the supply ®  Inherent open-circuit LED protection
®  High efficicncy (up o %T%)
violizpe and exemal components, the PT4115can - .
vide moee than 30 warts of output power ¢ High-Sids Coment Sengs
proy ! F'. PO o ®  Hysterctic Control: No Compensation
The PT41135 includes the power switch and a high-side ®  Adjustsble Constant LED Current
outpul current sensing circwit, which uses an external & ESOPR package for large output power application
resigtor o set the nominal average owtput eurrent, and a &  RoHS compliant
dedicated DIM input scccpts cither a DC voliage ora
wide range of pulsed dimming. Applying a voliage of APPLICATIONS
0.3V or lower to the DIM pin tuns the output off and ®  Low volizge halogen replacement LEDs
switches the device into a low current standby state. ®  Aurometive lichting
The PT4115 & available in SOTHP-5 and ESOPS ® Low voltaee industrial lighting
packages. & LEDback-up lighting
®  llluminated signs
& SELV lighting
&  LCD TV backlighting
ORDERING INFORMATION
TEMPERATURE ORDERIMNG PART TRANSPORT .
SIHALLL RANGE NUMBER MEDIA e
a FT4115BE9E:A type Tape and Reel PT4113
SOTEN-S “CW0ESC | BTy} 1SBR9E-B:B type 1000 units xxxxxX
a s FT4115B50H:A type Tape and Reel PT4115
ESDES 4 Cta 35°C PT4115B530H-B:B type 2500 units AR
Mote:
il
L Amcmbly Faciory Coale
—— Lant Mumher
TYPICAL APPLICATION CIRCUIT
oe-a Fa.
Ve D l A4
JS 130 i
L (u]
Cou —— 100 4
AC LY L] CZh o
— PT4115
Jn
Zﬁ we
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PT4115

Q p OWTeCh 3OV, 1.2A Step-down High Brightness

LED Driver with 5000:1 Dimming

PIN ASSIGNMENT

Exposad PAD

VN CEH
Hrnﬁ |“_| can [» - &[] o
Q vin 2 @ 7[enoa
sw ]z — s Jonoe
u |i| |i| T T ] NE
W GND DM
SOTERS ESOFE
PIN DESCRIPTIONS
PIN No. il DESCRIPTION
1 SW Switch Ouiput. SW is the drain of the internal N-Ch MOSFET swich.
2 GND Signal and power ground. Connect directly to ground plane.
3 M Logic level dimming input. Drive DIM low to turn off the current resulator.
Dirive DIM high to cnable the current regulator.
4 CEM Clurrent sense input
5 WIN Input Supply Pin. Must be locally bypassed.
- Exposed PAD Internally connected w GND. Mount on board for lower thermal resistance.
ES0OPR 45 RC Mo connection

ABSOLUTE MAXIMUM RATINGS (notel )

SYMEBOL | ITEMS VALLUE UNIT
Vi Supply Voltage 0345 W
SW Dirain of the internal power switch 345 W
C8N Current sense input (Respect o VIN) H)3-6.00) W
DIk Logic level dimming input =03~ W
Lo Switch output cusrens 1.5 A

Praiax Power Dissipation (Note 2} 1.5 W
Prx Thermal Resistance, SOTHE9-3 LTS 45 G
Px Thermal Resistanes, ESOPS By, 40 e W
T Oiperation Junction Temperature Range =4 to 150 =

Targ Storzge Temperature S5t 150 C
ESD Suscepribiliny (MNote 3) 2 kW




PT4115

30V, 1.2A Step-down High Brightness
LED Driver with 5000:1 Dimming

Q Powlech
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RECOMMENDED OPERATING RANGE

SYMBOL ITEMS VALUE UNIT
Vin W Supply Volage = 30 v
Tapr Oiperating Temge ratuse =40 i +85 iC

MNote 12 Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Recommended
Operating Range indicates conditions for which the deviee is functional, but do not gusrantee specific performsance
limits. Electrical Characteristics state DC and AC clectrical specifications under pamicalar test conditions which
guarantes specific performance limits. This assumes that the device is within the Operating Ranpe. Specifications are
ot puaranteed for parameters where no limit is given, however, the typical value is a good indication of device
performance.

MNote 2:  The maximuom power dissipation must be derated af elevated temperatures and is dictated by Ty, Bia.
and the ambient temperatre T, The maximuwm allowable power dissipation is Pryay = (Tegay - Tal By, or the
number given in Absolute Maximom Ratings, whichever is lower.

MNote 3:  Human body model, 100pF discharged through a 1.5k0) resistor.
ELECTRICAL CHARACTERISTICS (MNoie 4, 5)

The following specifications apply for V=12V, T4=25"C, unless specified otherwise.

SYMBOL ITEMS CONDITIONS Min. Ty Max. | UNIT
Vi Inpur Vaoltage B 30 WV
VLo Under voltage lock owt Wy falling 51 W
Voo, wys UWLE hysterisis Wi rising 00 '
Fog blax. Switching Frequency 1 MHz
Current Sense
Mean current sense A type 95 98 LI} '
Wran Wi Vian .
threshold voliage B ¥ 1oz 105 '
Vias b Sense theeshold hysteresis +15 %
| Fer CEM Pin Input Current WiV ess=50my & TN
Dperating Current
oss Q!.ucsc.:m supply  curment V<03V o5 uA
with output off
DIM Input
Vi Internal supply voliage DIM floating 5 W
Vo e DIM input voltage High 235 W
Wi L DIM input voltase Low 03 W
Voo DC brightmess control 0.5 25 W
i blax. DIM Frequency =3 00kHz S0 kHz
Duty ecyele range of Low
o Frane = 100HzZ 0.02% l
D _Lr frequency dimming
Brighiness control range S 1




PT4115

30V, 1.2A Step-down High Brightness
LED Driver with 5000:1 Dimming

Q PowTech

ELECTRICAL CHARACTERISTICS (Continued) (Mot 4, 5)

SYMBOL ITEMS | conprmions | min. | Tvp. | Max | umiT
DIM Input
Dpuna 1o Duty eycle range of high oy 20K HzZ 4% |
froquency dimming
Brightness control range 251
Rppa DIM pull up resistor to Intemal
supply voltage e R
Lo DIM inpa leakage low Wi =0 25 uA
Output Switch
Raw SW Omn Resistance YVIN=12V 0.6 o
WIN=24V 0.4
L5t recan Continpous 5W Cuarrent 12 A
Liea SW Leakage Current 0% 3 TN
Thermal Shutdown
Ta Thermal Shutdown Threshald 140 T
Tap-hiys Thermal Shuidown hysteresis 20 T

MNote d:  Typical parameters are measured at 23°C and represent the parametric noem.
Note 5:  Dalsheet minfmax specificabion limis are guaranieed by design, test, or statisbical analysis,

SIMPLIFIED BELOCK DIAGRAM

/] - AEGILATOR

T
CE -
T — —._J v COMFARATOR
b f; -  GATE _|é
[EIVER
o 1) -
BARDGAR [ i
HEF e
LALD
% CiFARATOR

¥

GHD

oM

D ™ puFrER




Data Sheet Cree XLamp XR-E LED

WWW, CREE.COMSXLAMP

PRODUCT FAMILY DATA SHEET

Cree® XLamp® XR-E LED

PRODUCT DESCRIPTION

The XLamp XR-E LED is leading
the LED lighting revolution with
its  wnprecedented lighting-class
brightness, efficacy, Ilifetime and
quality of light. These lighting-class
features enable the XlLamp XR-E
LED to replace many traditional
light sources and save money with

energy-effident light and long
lifetimes.
Cree XLamp LEDs bring high

performance and guality of light to a
wide range of lighting applications,
induding color-changing lighting,
portable and personal lighting,
outdoor lighting, indoor directional
lighting, commercial lighting and
emergency=vehicle lighting.

FEATURES

Guaranteed minimum flux
order codes up to 114 Im in
white, 30.56 Im in blue and
67.2 Im in green at 350 mA
Available in white (2,600 K
to 10,000 K CCT), blue, royal
blue and green

Maximum drive current: up to
1000 mA

Industry's lowest thermal
resistance: 8 “CMNW

Max junction temperatura:
150 =C

Industry-leading JEDEC
standard pre-gqualification
testing

Reflow solderable = JEDEC
J-STD-020C compatible
Electrically neutral thermal
path

RoHS-compliant

Lumen maintenance of greater
than 70% after 50,000 hours

TABLE OF CONTENTS
Flux Characteristics (T, = 25 °C) =

Flux Characteristics (T, = 25 2C}) =

Relative Spectral Power Distribution .5
Relative Flux ws. Junction Temperature

(IF=350mA)..ccooiiiiiiiiiiiiinaa.. B
Electrical Characteristics

(T, =25 b o TR, R
Thermal Design. ..q.u e eiiiiiiiiiaaaas 7
Relative Flux ws. Current

(T, =25 bt o [T -
Typical Spatial Distributon............8

Reflow Soldering Characteristics...... a
Mechanical Dimensions
(T, =25°C) .. .
Tape and Reel

Dry Packaging and Packaging....... 13

Copyright i 20062050 Craa, Inc. Al rights ncserved. The information in thi docovent & subja o chasgs withoot
notich. Crad, 1% Cred kEge and XLamp are regsbinid ademarks of Crae, Ine.

[—
USa Tl 410103

WZTAIY 50-50 412
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XLAMP XR-E LEDS

Characteristics I Lindt Minlmum Typlcal Maximum
Thermal Resstance, junction to solder paint: AW |

Viewing Angle ([FWHM] - white: degrees o0

Viewing Angle (FWHM] - royal blue, blue, green degrees 100

Temperature coefficient of voltage - white, royal blue, blue, green mi=C -4.0

ESD Classification (HEM per Hil-Std-8830) Class 2

DC Forward Current - white = 5000 K, rayal blue, blue ma 1000
DC Forward Current - white < 5000 K, green maA Joo
DC Pulse Cument (8 1 kHz, 10% duty cycle) A 18
Aeverse Valtage v 5
Forsard Voltage (@ 350 ma) v 33 as
Forsard Voltage (@ 700 ma) v s

Forward Voltage (@ 1000 mA) - white = S000 K, royal blue, blue v 7

LED Juniction Temperatune® " 150

* Mote: For lumen maintenance data, see the Cree XLamp LED Reliability document.
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Data Sheet TSL14S

TSL12S, TSL13S, TSL14S
T AOS s LIGHT-TO-VOLTAGE CONVERTERS
SOLATTON S

TADSH51E - EEFTEMEER 2007
N

® Converts Light Intensity to Output Voltage PACKAGE 5 PACHAGE SM
" i _ SIDELODKER SURFACE MOUNT
® Monalithic Silicon IC Eu“ulﬂlﬂg (FRONT VIEW) SIDELODKER
Photodiode, Transconductance Amplifier, {FRONT VIEW)
and Feedback Components
® Single-Supply Operation ... 2.7 Vto 5.5V O
® High Iradiance Responsivity . . . Typical

246 mV/(uW/em?) at ., = B40 nm (TSL125)
® Low Supply Current . .. 1.1 mA Typical E
® Sidelooker 3-Lead Plastic Package
® RoHS Compliant (-LF Package Only)

i 2 3
GHD Wpg OUT

1 2 3
GHND Voo OUT

Description

Tha TSL128, TSLI3S, and TSL145 are cost-optimized, highly integrated light-to-voltage optical sansars, sach
combining a photodiada and a ransimpedance amplifier (feedback resistor = 80 M, 20 M2, and 5 M,
raspectively) on a single monalithic intsgrated circuit. The photodiode active area is 0.5 mm = 0.5 mm and the
sensars respand 1o Gght in the range of 320 nm to 1050 nm. Output voltage is linear with Gight intensity
{iradiance) incident on the sansor over a wide dynamic rangs. These devicas are supplied in a 3-lead clear
plastic sidelooker package (S). When supplied in the lead (Pb) free package, the device is RoHS compliant.

Functional Block Diagram

Voltage
a ﬂulpEt

The LUMENOLOGY ® Company Clopyrighi 8 2007, TAOS Inc.
Texas Advanced Optoelectronic Solutions Inc.
1001 Klein Road + Sulte 300 = Plano, TX 75074 « {372) 673-0758
www taosine.cam 1
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TSL125, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TADSO51E - EEFTEMEER 2007
S —

Electrical Characteristics at Vpg =5V, Ta = 25°C, A; = 640 nm, R_ = 10 k£2 (unless otherwise noted)
{zee Notes 3, 4, 5)

TSL12S TEL1XS TEL145
PARAMETER TESTCONDITIONS ™WIN TYP MAX | MIN TYP MAX | MIN TvP max | MO
Vg Maximum eulput veltsge 4& 49 46 49 46 49 W
Eq= B uMjem? 1.5 2 25
Eg =31 pWjer?2 16 FRET
Eg = 120 pWifer® 1.5 2 25
Vo Dutput volags E. - 16 Wi : v
Ea = 62 pWiem? 4
Eg = 240 Wi 4
mil)
Pig Iradiante respansiity | Mole & 248 84 18 [l
emd)
Vg ‘IE::_T” offset Hol= & =002 003 008 |=002 003 00A =002 003 008 | W
Yy Diari voltags Eg=D o 0.08 o .08 0 ooa | w
Eq =B uMjem? i1 L7
o Supply current Eg =31 p\Wfem2 1.1 1.7 A
Eg = 120 pWifer® 1.1 17
MNOTES: 3. Messurements e made with By = 10 k& betwsen outpul and ground.
4., Dptcal measuraments & mads using smalkanghs inddent radistion frorm an LED eptical source.
E. The 640 nm inpul imadiance E, is supplied by an AllnGaP LED wilh peak wavelength by, = 640 nm.
B Iradiancs respansivity is characterized over the rangs Vo = 02 16 4 V. The bestfit straight Ene of Culput Yeltage Vg verses

iradiancs E; aver this range mory have 3 posiive or negaive axirpelabed Vo valoe for Eg =00 For lew radianss values, the oot
voltage Wi versus irradiance E; charactenstic i non linear with a devislion iosand Vg = 0, Eg = 0 origin from the besi-fil straght

lines resferen comd abowe.

Dynamiec Characteristics at Vpp = 5V, T = 25°C, i = 640 nm, R = 10 k2 {unless otherwise noted)
(see Figure 1)

A DITIONS TEL12S TEL13S TEL14S -
MIN @ TYP MR | MIN TYP MAX | MIN @ TYP MAX
Ouapud pulse: delay Min Vg = 0V Paalk Vo= 2V 13 1.7 0.8
1y e Por rieing edge I
(0% 8o 108) MinVp = 0.6, Peak Vig= 2V 23 1.2 0.6
N Outpud pulse isa e | Min Vo = 04 Peal Vi = 2 feii] T2 206 .
in = . Pea - 1 3 .
[10% 15 S0%) Min Vg = 0.6V Peak Vg = 2V o 65 28 K
Ovrtpun pudse delay MinVo= 0V, Peak Vo= 2V 23 1.2 0.8
tirrse for fafing &
a [100% ba mr?] o MinVg = 0.6V, Peak Vo= 2V az 1.1 a7 e
% Outpust pulse Tl tima Min Vo= 0V, Péds Vo= 20 10 LA ] 249 .
(3% 10 10%) Min Vo= 0.6 Peak Vo= 2V g 6.4 28 K
The LUMENOLOGY * Company S Copyrightt © 2007, TAOS Inc.
ADVAHCED
OFEAELELTE N (]
ADLUTIZA



78

TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOS0S1E - SEFTEMBER 2007
1

PARAMETER MEASUREMENT INFORMATION

.I'nn Peak Eg
Pulse Input
Generator Min Eg
W
LED —~F
{see Mate A)
Peak Vg
Dutpul
= Min Vo
TEST CIRCLNT OUTPUT VOLTAGE WAVEFORM (See Note B)
MOTES: A The inpul irradiance i supplied by a pulsed AllnGaP Bght-emitting diede with e foliowing charscieristios: Ly = 640 nm,

bpoor 1 s, fpac 1 ps.
B. The outpul wavefarn & manitored an an oscill ossape wilh the fallawing characienstics: o« 100 rs, & 1 ML, C; = 20 pF.

Figure 1. Swiltching Times

TYPICAL CHARACTERISTICS

NORMALIZED OUTPUT VOLTAGE
va
PHOTODIODE SPECTRAL RESPONSIVITY ANGULAR DISPLACEMENT
1 - 1
’.'_
A ™ A

VARR SN
\

g

[11] !

4

Raolative Rasponsivity
"1
HNormaliized Oulput Voltage

/ 02 \

il \ /
|r b ol )
a 4]
300 400 B00 G000 TOO 8OO G040 1000 1100 80" 607 40° 200 0°  20° 40° &0° B¢
b = Wavelength = ram 0 = Angular Displacement
Figure 2 Figura 3

The LUMENOLOGY & Company

Copsright © 2007, TAOS Inc. e

LELTE ]
BATORLECTAOMIE
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PCF8591

8-bit A/D and DJ/A converter

Rev. 7 — 27 June 2013 Product data sheet

1. General description

The PCFBS31 is a single-chip, single-supply low-power B-bit CMOS data acquisition
davica with four analog inputs, one analog output and a serial EC-bus interface. Threa
address pins AD, A1 and A2 ara used for programming the hardwara address, allowing
the usa of up ta eight davicas connected to the FC-bus without additional hardware.
Address, contral and data to and from the devica are transfermed serially via the hwo-line
bidirectianal PC-bus.

The functions of the device include analog input multiplexing, on-chip frack and hald
function, 8-bit analog-to-digital convarsion and an B-bit digital-io-analog comvarsion. The
maximum conversion rate is given by the maximum speed of the 12C-bus.

2. Features and benefits

3. Applications

Single power supply

Dperating supply vollage 25 Vio 60V

Law standby current

Serial input and output via FC-bus

I2C address selection by 3 hardware address pins
Max sampling rale given by 12C-bus spead

4 analog inputs configurable as single ended or differantial inputs
Auto-incremented channel selection

Analog voliage manga from Weg o0 Vpp

On-chip track and hold circuit

B-bit successiva approximation AMD conversion
Multiplying DAC with ona analog output

Supply manitoring
Refaranca setting
Analog controd loops




7. Pinning information

PCFBSST

E
By
[14] vieer

EEa
11]osc

5 ]soa

a-OOA0A

Top view. For mechanical details, ses

7.1 Pinning

o[ 7 [1E] vse Aot
ami [z [15] apuT am 2]
amz[3] [12] vner anz[3]
sais(d] PCFRSATP el acro ana[d]

ao[E =y an[E

a1[E] 1 [==1 A

az[T i) scL naf7
ves[B] BN vas[e]

map-O0E00T
Top view. For mechanical details, ses
Figure 32 on page 2. Figure 25 on page #2.
Flg 2. Pin conflguration for PCFE5S01P Fig 3. Pin configuration for PCFESIT

(DIF18) {5016)

7.2 Pin description

Table 4.

PFin description

Symbol
AN
A1
A2
AN
Al

Al

A2

Vg
S0A

W OF| | %] O B Cub| ha| =8

) T P QR N
O | & Li| by =

Description
analog inputs (AD converter)

hardware slawe addrass

ground supply voltsge

1C-bass serial data Input and output
12Casg seral clock Input

oscillator inputioutput

externalintemal ewitch for cacillator input
analog ground supply

voltage reference input

analog output (04 converter)

supply woltage

80
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NXP Semiconductors PC F8 591

B-bit A/D and D/A converter

14. Characteristics

14.1 Static characteristics

Table 8.  Characteristics
Voo = 2.5 W o 6.0 W Veg = 07 Tam, = —0 0C fo +85 oF uniess athenwize speciiied.

Symbal  Parameter Conditions Min Typ Max Unit
Supply
Voo supply voltags 25 - 6.0 W
oo supply current
standby; V| = Wgg or Vpg) no load - 1 15 Ty
operating; fzmy = 100 kHz
AQUT off - 125 250 T
AOUT active - 045 1.0 mA
Vaor pOWer-on raset [ oa - 20 W
wolage
Digital in- and cutputs: SCL, SDA, AD, A1, A2
Vie LOW-level input a - 03=Vpy W
wolage
Vi HIGH2vel input 07 =V - Voo W
wolage
I leakage cument Wy = Veg 10 Vpn
A, A1, A2 —250 - +250 nA
SCL, DA -1 - +1 T}
[ Input capacitance - - 5 pF
Io LOW-bevel output Vo =04V 30 - - ma
current

Reference voltage inputs

rar reference voltage Vil = VaghD Bl Veg+186 - Voo W
WaGHD voltage on pin AGND  Vir > Vaguo Bl veg - Voo —08 W
Iu Input leakage cumment —250 - +250 nA
Rt reference resisiance  pins Veer and AGHD - 100 - (9]
Osecillator: OSC, EXT
Iu Input leakage cument - - 250 nA
fosc osdllator frequency a.7s - 1.25 MHz
[1] The power-an reset circuit resets the 120-bus logic when Vg is less San Vsa-
F_+F

[f] A further extersion of 1 range is possible, if the Sollawing conditions are fulflled: —"@ ZEV,

F_#F, .

Fﬂ_%z d v

PCFRSH i T i Bk o -1 i & WP b SR Al ighe resareas.

Product data sheet Row. T == 2T June 2013 17 of 31
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NXP Semiconductors PC F8591

B-bit A/D and DVA converter

14.2 DYA characteristics

Table 9.  DWA characterlatics
Vg = 5.0V Vog = Vg =50 V) Vagup = 0V R = 10 k02 G = 100 pF; Tome = —F000 fo 55 of unless athensise

specified.

Symbol  Parameter Conditions Min Typ Max Unit

Analog cutput

Vaa analog output woltage  no resistive losd Wgg - Voo W

Ry =10 ki Veg - 08 =V W

o output keakege cument AQUT disabled - - 280 n&

Ascuracy

Eg offset emor Tame =250 - - 50 m

E, linearity emor - - +1.5 L5E

Eg galn ermor no resistive load - - 1 %

Lymac) DAL setling time to 112 LSE full scale - - ki ps

femac DAC conversion - - 1.1 kHz
frequency

SMRR supply notse rejection = 100 Hz - 40 - db
ratio

"Irm" =01x= I'irp?

14.3 AJ/D characteristics

Table 10. AJD characteristics
Voo = 5.0V Vo = O Vigger =50 V) Vagup = 0V, Rg = 10 ik Ty = <000 fo +85 °C undess otherndzs speciffed.

Symbol  Parameter Conditions Min Typ Max Uit

Analog Inputs

Via analog input voltage Vg - Voo W

[T analog input leakage - - 108 nA
curment

Caay analog ingat - 10 - pF
capatitance

Cyn differential input capacitance - 10 - pF

Wifsa) single-endad Input measuring rangs Vagsn - VazF ¥
voltage

Wigan differantial input measuring rangs: —Feg - *Feg W
valtage Vs = Vrer - Vaguo D I

Agcuracy

Egn offsst emor Tamn =250 - - 0 m

E, linearity emor - - +1.5 L58

Eg galn ermor - - 1 %

emall signal; - - 5 %
AV =16 LSH

CMRR COMIOT e - ) - db
rejection ratio

POFRSH A TSI S i Tl ST o e I Mgl b B HEP R DBl AN Ngha Fer s

Product data sheet Row. T == 2T June 2013 18 of 31



Data Sheet STM32 FO0 DISCOVERY

r UM1525
7’ User manual
STM32FODISCOVERY

Discovery kit for STM32 FO microcontrollers

Introduction

The STM32FODISCOVERY helps you to discover the STM32 FO Cortex™-M0 features and
to develop your applications easily. It is based on STM32F051R8T6, an STM32 FO series
32-bit ARM® Cortex™ microcontroller, and includes an ST-LINK/V2 embedded dabug tool,
LEDs, push buttons and a prototyping board.

Figure 1. STM32FODISCOVERY

Table 1. Applicable tools

Type Part number

Evaluation tools STM32F0DISCOVERY

83
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LIM1525 Hardware and layout

Figure 6. STM3Z2F051RETE block diagram
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UM1525 Connecting modules on the prototyping board

5.3 Arduino shield boards

Arduine™ i5 an opan-sourca alactrenics profatyping platform basad an flexible, aasy-lo-usa
hardware and software. See httpfervww_arduino.ce lor mora information.

Arduino accessory boards ara called *Shialds™ and can ba gasily connected o tha
STM32F0 Discovery according to tha fallawing table.

Table 11. Connecting with Arduino shields

Connecting with Arduine shields
Ardulno power connector STMIZFODISCOVERY
Resst Fieaet from Shisld board MRET Reset dacovery
w3 VEGC 3.3V power line a VoD
5 WCEC 5V power line 5\ uli]
GMD Reference Ground GND Reterence Ground
GMD Relerence Ground GMHD Reference Ground
Win Extarnal aimentation WBAT Jumger to fit
Ardulno analog in connector STMIZFODISCOVERY
Al Anelog input or Digital pin 14 PCO ADC_IM10
Al Anelog input or Digital pin 15 PC1 ADC_IM11
A2 Anelog input or Digital pin 16 PC2 ADC_IM12
A3 Anelog input or Digital pin 17 PC3 ADC_IM13
Ad ;‘:E'gg inputor SDA or Digital | by o pE7 | ADCINI4 or 1202_SDA
A5 ;‘:Egg inputor SCLarDigtal | e o pre | ADC_INIS or 1262_SCL
Arduino digital connector STMIZFODISCOVERY
Do Digitel pin 0 or A PAS USARTZ2_RAX
o1 Digitel pin 1 or TX PAZ USART2_Tx
Dz Digitel pin 2 / External internspt FE12 EXTI {5V 1olerart)
D3 Digital pin 3 £ Ext int or PYWM PE11 EXTI {5V tolerant) or TIMZ_CH4
D4 Diigiel pim 4 PAT GPIO (3V tolerant)
b5 Digital pin 5 or FWRA FE9 TiM17_CH1
D& Digital pin 6 or FYWKA PBAE TIM16_CH1
or Diigitel pin 7 PAS GPIO (3V tolerant)
0] Diigiel pin B PAS GPRIO (3V tolerant)
Da Digital pin 9 or FWHA PAd Ti14_CH1
oo Digitel pin 10 or C5 or PYM PA11 TiM1_CH4
o1 Digiel pin 11 or MOSI or PR PBS SR _MOSI] or TIM3_CHZ
Oz Digiel pin 12 or MISO FB4 SPM_MISO
013 Digitel pin 13 or SCK PB3 SPIM_SCK
GHD FReference Grownd GMD Reference Ground
AREF ADC voltage reference M Mot conmected
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UM1525

Electrical schematics

Figure 15. ST-LINK/V2 (SWD only)
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