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COLOR MONITORING FOR BLINDS

Mr. Anirut Saosing ID. 45010907
Dr. Kitiphol Chitsakul Advisor

Educational Year 2008

Abstract

This report presents about the developing of the color monitoring for the blinds. We use
TCS230 as a color sensor. The device’s structure contains 8x8 array of photodiodes. Photodiodes
is separated in 4 groups including red, green, blue and without filter. In each group responses in
difference frequency depending on each type of filter. This device works by capturing the
brightness from LED which affects a photodiodes, then changes to electric current and to signal’s
frequency, appearing as a square wave with 50% of duty cycle. We use an AVR microcontroller

to take data form TCS230 as a color sensor and show the results by voice message.
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uNni 3

gnsaifily

3.1 Tuga ET-TCS230
a o A ¥ o o o @ 1 o ¥ a
ET-TCS230 Wlunaasasin lavinorginssisuasininiamszduanuaiuesd
& @ o 4 :.? P - 1 v aA o o 9/
4 Tugaddananiicunsefivznlfounlasmanurinvesdninannsznudniiulvesnn
o = s A A o & e
Sudgarannutiodyn Tmvdoy (Square wave) Taofian duty cycle il 50% Femud
o s v @ W @ 1 ' ad ar
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g é v \J 1 1 1 L=y \d W
16 §1 FaudaznguiszaoumusIdoaUDIADAIM AT NYEITUAN1a 1
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ALATHAYDIN MBI U

TAQS TCS230
(TOP VIEW)

GND 4 o B [i.l.lil Vob

f e LML
—»| " Current-to-Frequency | |
Photodiode
Light
g > : Array Converter |
l— o 1— T ————————— !_ 1 J
s2 83 S0 St OFE
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nngudenlaozunsy  uasLight) withnennsznunidlalea  (Photodiode
Array) FusrannsadensilafamesvesIn1dlnlon 18nnndyae s2 oz s3 Taswad
¥azegluzlvesnszualnith uaz ssgndelifania Current-to-Frequency Converter tilovh
wihilasnszua i dudyaanidesn lufividyas Ouput Tasli S0 was I
Lﬂuﬁaﬁmumhwmﬁ'ﬂgaﬁmmmﬁﬁmﬁmﬂ15 N dyyIs OF v‘imﬂ’wﬁmuﬂumﬁ

%4 é { @ =Y
Enable 118¢ Disable ¥090ya18! Output ¥39zu0ANWN Ty 00N “0”

3.1.1 guaniinlauga ET-TCS230
1. Idmawazduaveawadnige annsudasanuduvesas ifuanud fo)
2. aunsalisunsudonnsrniamdninWawmes (RED, Green, Blue Uag Clear) My
doams wag MnuanseAudaa U AYA fo (Frequency Output) 18
3. mmmv’hmsﬁ}eumeﬁ anaenee 1wty luTnsneuInsames 14 lavas s

4. MOUNUIIAU 2.7 VDI 5.5V

]
A

5. TCS230 1iugnwng AaauanUMAINIUM
6. FNANUARIANTDU 0.2% TiAUA 50 kHz

7. iinaen IW LED dmswihmsazdoudussiag

§ g
FT-TLE535 won ST, Coth
égua“asg
CIENCIENIEIGE

51/ 3.3 swazBuavosueia
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0 Power down (hinBndaanaanud)
0 20 (ATEAY

1 20% (ANUTT 20%)

1 100% (AT FITA)

g

y o [ 4 d
ﬂ]i]\‘iﬁ 3.1 NITNINUATSAUY ﬂluﬂpmmmatmmgﬂ (fo)

0 UAY (Red)

0 il (Blue)

1 T1iii#lam0F (Clear : no filter)
1 1387 (Green)

14 ° a ( H ar ar
M5190 3.2 MIsmuariavesiawesves In 14 laloandosnsiadyga
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ﬂ [ ~Qq I Ya 3 =) o 3 dy
LED Wundyanunldlumsaiuguvaea’l LED Waaaas nie du sislimn

3 ° @ y o Y 4
Foamsivzaduqumsiauves LED nnundgyanaiizdesinmsifentues DIR/CPU

wegRMILMIL CPUMIB Seazaunsavimsaiugumsihauveanasa LED 1A

GND Power supply ground
OE Input T8I0 Enable &‘n";tgmmm?;zmﬁrgﬂ @) afiaadn o~ Taslu

vofa ET-Tc5230 1¥msde Ensble 13105

ouUT Outpnt | IFGGIUAINTE A fnlfeunlamumanuaihiwend

50,51 Input ndyawduna ivuasdudyganmieiyacuregieanden
Wlumad o

$2,53 mpst | Mdenmdentlizianens Photdiode nie Avasflameiiidaints
@nsnaneazBeaAlumnad

VDD Supply Voltage

Mm99 3.3 aginihivesndygudisguesluga ET-TCS230
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3.1.4 man lflyanu

o/ IS 1 s A -3 Qs
deyaas So uae s1 1alnsaedaduniu Pul-Up 1 (S0=1,81=1) Faazildsedu

H
Q/ A

(4 v @ 1 =] v @ ~ o ]
Fuaannudeianaegluszdy 100% ogudy FamndeamsszAudyainh 100% Al

o a

o o Ve 1 :; @ Y @
fludesdedyanannmiugy  (uAMINABINISNISTALAINIzABI DTN MNINILALY

- 44 . de 4y ga o
swazPealumaed 1) Fndyaranduludesniuguifendygia s2 uaz s3 lag
an ' VA o 7’ oA o 1 ¥ 2 s a8
Fmslumsewmdnndusuaesasnaniamisoi 1d lasmsidendamosvedug,
1 :zl o v W { { o o [ 3 :
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¥ 4 3
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3.1.5 fiaeghauna UM I8 1M RGB

2.5.1 fmuaaonliiy o uaz s1 Wedmuaszdudygunnuiieidnalugieh
ABIN5 (9310azBEARINANIINN 1)

° a L4 A A =)

2.5.2 MruaaeIn 1A $2=0, $3=0 tNatdeNWaleIdUAg
v o oA a =] o @

2.5.3 udganannudfvidyane OUT Huwadnsaduls Red_result
° a £4 A A oo a

2.5.4 MruAaeInlf $2=0, S3=1 NataenameidiiiEy
LYY A o =] o @

2.5.5 Huduanannuanudyaia OUT INUNANS AR 11l5 Blue_result
o a £ d'l A St A

2.5.6 MAUARBINIA S2=1, S3=1 tNatdenWames die)

= o <

@ @ 4 o o o
2.5.7 uuﬁmutymmmﬁmmﬂgtgm OUT uHaansasdnls Green_result
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3.21uTasnouinsanesveInsygaAVR o3 ATMEGA32

3.2.1 paaniiavesiulnsneulnsame svesnszna AVR o3 ATMEGA32

annileenss umﬂclmﬂumm Advanced RISC (Reduce Instruction Set Computer)

o o o i 3 o < o &I '
ﬁﬂ'lﬁﬂﬂ’)ﬂﬂuﬂ'liﬂ'lﬂ'luu'lﬂﬂ’ﬂ 100 ME Tﬂﬂﬁmmwflumiﬂizmawa 1 ANTIND

[

1 deyaUUIRNI(1MIP/IMHz)

] o =% Y] ] o =y ¢ A
¥128A211491 ROM MU Flash (3 Inuadlesduniteanud) vuie 32 dlalud@ew
v

av'l4 10,000 A59)

] o a @ ] o 4
wiheanuieyauvy EEPROM (@ lnwaflostuniiteanusdny auea s12 lud

v

Feu/anld 10,0000 A39)

1 o ¥ = 4
nieaNuSweyanuy SRAM 2 Alalud

p P 7 o a a o p
Tnwesiaswmesnauusiiauaz16iia wiovilSawnames
ugaudasdyanaezuaenitludineaaDc)ving 10 da 110f 8 Fo3
TuganlSouneuns 1WuesU1a8n(Analog Comparator)
4 =1 3 o3

msfemsdoyaoynsuiliniauuy UART,SPLIazHUD 12C 1iludu

Tugaadredayanes PWM(Pulse Width Modulator) 5811491 4 %04
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(T PEI S 2 BAT 1ADC1T
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O0IAM PBA LS ¢ BAY {ADC3:
ET PR 6 S ZJ PAL {ADO
OB PBS B & A% 2 PAS (ADCS}
S PEB T ¥ 4 71 PAG (ADCE)
B EET D 5 33 T PAT (RBCT}
REET L o 32 1 AREF
Yoo I 12 3% 71 GND
[ = 2g I3 AVCT
XTAL2 2 42 28 03 PCT (TOSCZ)
XTALT 2 13 28 I3 PCE (TOSCY)
{AXD} PDO S 14 27 = POE (3DN
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(NTD} PD2 IZ 1% 26 53 PC3 (TWS
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3.2.2 WO3UDI AVR 1185 ATMEGA32

é a a 1 o/ dy
AVR HJ’E'); ATMEGA32 LﬂN‘lNIﬂiﬂﬂuiﬂiﬁlﬁﬂgﬂlu'lﬂ 40 U1 FIUTYASIDYAVIN) AU

vCC
yusenu Tvmse
GND
4
VINTNA
PortA(PA0..PA7)
¢ o I's an o [ I'd Y.
nosadudunaIsHNATInea AruansYaoWA1eluawesa 1A(internal pull-up
o 3 ¢ a a
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4
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3.3 ISD 4004
a A o R a4 3 Yt [ a &R a4
ginsal)szinn Tedduiindes 1SD 4004 HulalimsWannanusnlumstuninges
9
1&suusnaaTzaa ISD 25xx Tasawisatunindeslddaud 8,10,12,16 wii 14
microcontroller luMsAILANMI TUNnuazdunduFo
3.3.1 pavandindnlilves ISD 4004
~ A A < o A ' Y Y
1. Wi leddmenfaunsatiuinuasaundy lddeae
[P o« A | L]
2. luligalnssidlszinmdudos wneuen
] k4 .
3. lidesianszuuduvuviasuiveld 1Fau 14
4. W @ssnovauoantlusssumna
5. €13 ﬂﬂﬁuﬂuiﬂﬂﬁl‘ff' microprocessor,microcontroller TaeiFouaoIUY SPI
9
6. Hszuznanlumsiiuiinaundudue 8,10,12,16 W17

9
10. §2959UMITUNNDA 100,000 AT

| InfemaiClock  |—  Tming

. &
Yo | Sorpra ot UnipCorder
Sompling Clock TECHNOLOGY BY 50
ANAIN- O i
Armp SPole Active LI T angiog Transceivers
Antiakasing Filter :
ANA NG O 5-Pole Active
& 38404 Cell N o B
% Norwolale Smocthing Filter :l
o Multlevel Storage AutoMute
& Ancy Fecture

b —O AUDOUT

i PowerCondfioning | | Device Control ]
0O O 0O O O O o QO o] O o O O
Veea Vssa Yeon Vasa Voo Veoo SCLlK  SS MOS MISO INT  RAC AM CAP
s ® 28 [ sCLK
Mest C e 27 L Veep
siso T3 26 I XCLK
Vs L4 2 W
Ve le 28 NG ne s 22 [ RAC
R_C 2 27 [ NC
NC 3 26 [ Veex Ne e 23 [T Vi
NC e 25 [ ANAIN+ NC 7 22 1 NC
M s 24 £ ANAIN- Ne ISbagod — .
XCiK 6 2 N 8 7t Ne
Veen T 7 22 [ AMCAZ NC 9 70 [N
SCK 8 1SD4004 21 [ NC NC ) NG
550 20 [ AUD OUT — .
MOSI C 10 19 INC Vesn w 15 [ 1 Veea
MISO L 11 18 £ Ven Vsee 12 - 17 [ ANAINS
Vgo 32 7 77 Vgga ’ .
NE o 18 ) MBROUT 18 16 |1 ANAIN-
NC [T 14 NG AMCA? [ 15 [ AC
28-PIN TSOP PDIPISOIC

P =} A v
51 3.8 udenlaezunsuneluled 1SD 2500 uazdada
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3.3.2 51ﬂﬁ$!ﬂﬂﬂﬂ1ﬁﬂﬂ‘lﬂmi‘)ﬂvl@cﬂﬂuﬂﬂ!ﬁﬂﬂlﬂﬂﬁ ISD 4004
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Instruction A%‘:;r:gsd;:? Gb!i;;;} Operational Summary

POWERUP COTo0XHX PowerUp: Device wik be ready for an operation after Tpp.

SETPLAY 11100XKX <A15-A0> Initiates Prayback fiom addiess < A15-A0x.

PLAY T1TH0HKX Playback fiom the cument address {untit EGM or QVF.

SETREC 10100XXX <A15-A0> Initiates a Record operation from adchess «A15-A0».

REC 151 10XKX Records from current address untl OVF is reached.

SETMC 11101XKX <A15-A0> niiates Message Cueing §MC) from address <A15-A0:=.

Mt T1TEPEXNX Perfomms a Message Cue. Procesds to the end of the curment
message (EOM) or enters QVF congition if no miore messages are
present.

STOP OXTTOXXX Stops cument operation.

STOPPWRDN | OXO1XXXX Stops curent Operation and enters stand-by {power-down) moda.

RINTZ OX11OXXX Read Intesrupt status bits: Overflow and EOM.

A = o @ 1 A o a J
A1919N 3.4 GI'ITN518213LﬂﬁlﬂﬂTdﬂﬂN‘Uﬂﬂqﬂmﬂuﬁmﬁﬂ\?mﬂﬁ ISD 4004

3.3.3 TuAdUMIAUNATEN
1. #9199 POWERUP
2. soufluie T, @lssutes 25 ms)

v
! o @

3. g9d9 SETPLAY @uaediumianaasandssmsmaunduies

! o

4. 49A169 PLAY

3.3.4 unpumTANEE
1. defindfs POWERUP
2. sorfhuraan T, (1lszaes 25 ms)
3. d9R1H9 POWERUP

4. 50500 2T, (11521791 50 ms)

PUD

5. 99 SETREC auaeduvtaoa@sandasmsiiuinides

6. AR89 REC

50 |.: wlgwl ?«:;i 8 E FZE - % by g 54 P

. . .
»"..;F?g P&{P‘? ]P?f}lf’”lp‘&?l?’%ﬁ

g&m( lCdZCéEC2§C¥ &}lxii{)ﬂiNBlleAﬁlﬁ.?i‘[.&\‘z‘!:‘mﬂiA‘»}EBE%&?E&A}ﬁé]Ad[é‘d‘ﬁil:&?l,’z;’;l

Ressane Uusirg (0403
L 00 Ao BRIABL

—— e POt U TP
o= ActpRRGOH3 TR

v
@ =

= o 9 o A o =R =
519 3.9 naasgilupvvesirdsndeldnu leddunndes
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LCD 5110 1§ LCD Graphic 4114 48x84 Dot #sii Controller/Driver mely #io

PCD8544 fimthiinaugu nsuaawa uag n1simsismua Taenelu Controller PCD8544 agil

Taseadwlaezunsudegiin 3.10

C1i0C83 RO R4

! |
COLUMN DRIVERS I ROW DRIVERS ]
BIAS T
! l

Voo ] voLTAGE
Lekz GENERATOR

i DATALATCHES | ------ vi sHIFTREGISTER |
_ RESET L — RES
GSCILLATOR | — asc
Vi g 4d—  VicD
Lot GEMERATOR DISFLAY DATA RAM

oo TIING
. ; ) 3ENERATCR
oDt © Ypp2 —— » i

g

Vsg1te Vge2 ——
DiSPLAY
ADDRESS
1 ADDRESS COUNTER COUNTER

—s
T2 ——
el A PCDa544
7P T
[ 10 BUFFER
R R
| ] 1 P

SOIN 8CLK DiC SCE

511 3.11 Taseadrameluves Controller PCD8544

3.4.1 phandeyansioms

sunveshidedmivldfadedomsiu LCD weutisoondlu 2 Tuua fle Tnuavesdids
(Command) uaz Tnuavesdoya (Data) Fsazuen Inoldudyaunugy D/C FhD/IC=0
Foyaidalfifu LCD azihudoyadids (gswazidenvesdidadn 1lumsedl 1) uag vn D/IC =
1 foyaRidaWLCD wegnueaiiudoyaiidosmsuaasma Tavazgmidelinadumiznnus
DDRAM (Display DataR AM) iifesiimisustasnaiingine LCD Taondsnn@oudeyadnly 1
lud AvesiumisterinsaaesDDRAM awfiuiiu 1 Fufilausaluia sinvesdeyasziuuuy

]
a Aad o )

1 @ ' 2 o ) @ 1 ¥
aynsu Tavazdsdaniiioarmdiiggeganou (MSB) #alaoaliazitudsgide i

MSB (DBT) LSB (DB0)
TTTITTT Py T i i
data

data
RN NN

5588

1 3.12 gruvwia lilvesdoya

v o9 9 v v 9 3 3 d A 1 3
Tumsasdoyaldiu LeD awsodeldnwnunaisas 1 lud wie denssaznaen

o A w = o n:y
luaderilesiuTasdigiluuuaall



¥
1 [ 4
o sluuumsdeveyanuuAsIaz 1 lua

ECLK

SDIN X o8y X 2223 X e X 084 { o83 X (%73 X OB X o8t X

AR5

¥
1 o 4
51 3.13 jduuumsdsdoyanivag 1 lud

v 9 1 A v 4
o stuunsddoyareiiosnni 1 lud

som ___Koerfose foes foss Yossoee \oatYoen foa oeo Noss foea {oea kosz  oet foeoj e fose foes)
MASLERS

~ 19 3 4
517 3.13 upumsdsdoyansaznae lud

3.4.2 8aZP8AUBIAITINOKIA 5110

3 v b 1Y
fMds NOP mdail litinsnszsinlas 1HAT (No Operation)

D/IC DB7 DB DB5 DB4 DB3 DB2 DB1 DBO
[o] [oJofofofoJo[o]o|

o o | o w 1 ) o
A9 Function Set WumdusannIfansun1sMIaIUYes LCD

pic DB7 DES DBS DB4 DB3 DE2 DB1 DBO
o] [ofJol1]ojofrofviH]

-PD fio Uadon Inuamsiniay
PD = 0 A9 1AM MaUUNA (Active Mode)
PD = 1 A0 THUAWA 9911 (Power-down mode)
-V fio ﬁmﬁ@ﬂgﬂu‘uuminﬁuﬂ'wmﬁumﬁmﬂaﬂmm%mamwa (DDRAM)

V=0 A9 MIIANADAATANIILUIUBU (Horizontal Addressing mode)
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v 4
V =1 79 MINUABAATENIWUIAL (Vertical addressing mode)
A A oA Vo s
-Had DﬂlﬁE]ﬂ?,l'LL‘lJ‘]Jﬂ']ii“]fﬂ']ﬁ\‘WEN!Lﬂﬁ%ﬂ
A A Yo & A
H=0 a9 thonldmrdeanugiu

= = o & a a A
H=1a9 !ﬁﬂﬂﬁlcﬁﬂTﬁQLWNlﬂNWLﬁH

'
v

fds Write data Mdavoudoyadi lifiniteaiws DDRAM Weudawafiviae LD

DIC DB7 DBS DB5 DB4 DB3 DB2 DB1 DEO
[1] [p7]|ps|ps[p4|D3[D2[D1|D0]

D7 - DO Ao Toyavuia 8 da idesns@euasliuaawafindine Lep

154 Display Control dsnUAUMSUAAIWATNT 198 LCD
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Y2 | ¥Y1 | Yo F1YH9 Y-Address
1] o 0 Bank 0
0 0 1 Bank 1
1] 1 0 Bank 2
1] i 1 Bank 3
1 0 0 Bank 4
1 0 i . Bank 5

A9 Set X-Address of RAM A3 M UAAL0AA5E X-Address V99119711491 RAM

DIC DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
| 0 | [ 1 |xs|x5|x4]x3|x2|’x1|xo|

9 ¥
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 X-Address Y99X6,X5,X4,X3,X2,X1 148g X0 920¢ 14539 0000000 (00H) 89 1010011 (53H)

3.5 DS1307(Real Time Clock)
I o @ =y o s IR 1
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2 4 a
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vec: 14an idos +sv

Y 4
GND: l¥¢0n3170

g as d' d' o/ o o T dy 1
VBAT: l¥defuuunne’ 3v wesamimsiiau lunsain bifl idesaio
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4 @ o

SQW/OUT: ¥ UDIANATYR 10! Square Wave eu15niaana1wd 14
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ngNAUAS
feted A3 180 INET-TCS230 Mdadud
(AdT) R(Hz) B(Hz) G(Hz) X y z
Fee1aii1 4608 877 1223 | 0.68694096 | 0.13073941 | 0.18231961
Fretaiiz 5834 895 1280 | 0.72843051 | 0.11174928 | 0.15982020
Fre81973 6219 1476 1947 | 0.64499066 | 0.15308027 | 0.20192906
Fro6aiia 4746 846 1184 | 0.70041322 | 0.12485242 | 0.17473435
Frodaiis 5984 953 1328 0.72401693 | 0.11530550 | 0.16067755
Frodsiie 4264 538 823 0.75804444 | 0.09564444 | 0.14631111

A5197 4.1 31997 R,G,B,x,y,z ¥DINGUALAY

nEUERED
feded Md#3a 189 INET-TCS230 Maadud
( e ) R(Hz) B(Hz) G(Hz) X y z
Fretafil 2776 1744 3103 | 0.36416109 | 0.22878131 | 0.40705758
Frpd1aii2 3287 2049 3546 | 0.37007430 | 0.23069128 | 0.39923440
Fred1aii 3353 2038 3591 0.37330215 | 0.22689824 | 0.39979959
Fred1aiia 1984 1395 2384 | 0.34426513 | 0.24206142 | 0.41367343
Fret1afis 3096 1887 3346 | 0.37171329 | 0.22655781 | 0.40172889
Fre8197i6 3279 2035 3532 | 0.37067601 | 0.23004747 | 0.39927650

A15°199 4.2 MINA1 R,G,B x,y,z VOINGUAY?
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aguatiiu
faed1ad Madfsa 1 89nNET-TCS230 mdadnd
( At ) R(Hz) B(Hz) G(Hz) X y z
Fedeiil 1825 2426 1621 0.39927650 | 0.41314713 | 0.27605585
Fret1efiz 1080 1406 964 0.31304347 | 0.40753623 | 0.27942028
ANE, 1229 2038 1241 0.27262644 | 0.45208518 | 0.27528837
Fretaiia 2435 2806 1980 | 0.33721091 | 0.38858883 | 0.27420024
Fretaiis 1211 2019 1226 | 0.27176840 | 0.45309694 | 0.27513464
Fedsiic 1088 1399 965 0.31517960 | 0.40527230 | 0.27954808

a15197 4.3 M3 R,G,Bx,y.z mmmjuﬁ%ﬁu

NENANI
fotad AdHia180INET-TCS230 AaadINd
( A ) R(Hz) B(Hz) G(Hz) X y z
Frethaiil 6328 2545 2377 | 0.56248888 | 0.22622222 | 0.21128888
Fretraii2 6204 2682 2430 | 0.54825026 | 0.23700954 | 0.21474019
Frp61aii3 5865 1461 1448 | 0.66845224 | 0.16651470 | 0.16503305
Fredaiia 4537 1267 1228 | 0.64519340 | 0.18017633 | 0.17463026
Fretaiis 4753 1247 1231 0.65730880 | 0.17245194 | 0.17023924
Fretaiie

M13199 4.4 M3 R,G,B,x,y,z YBINGUANI
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LHEREEN
fethed AN 3 189 INET-TCS230 Mdaaud
(Fd) R(Hz) B(Hz) G(Hz) x y z
Frethaiil 6066 2222 4650 | 0.46885144 | 0.17174215 | 0.35940639
Frethaii2 5540 1485 4114 | 0.49735164 | 0.13331537 | 0.36933297
Frethaiis 5435 1550 4113 | 0.48972787 | 0.13966480 | 0.37060731
Fretaiia 6088 2210 4578 | 0.47281764 | 0.17163715 | 0.35554520
Frethadis 5366 1526 4067 | 0.48964321 | 0.13924628 | 0.37111050
Frethadie 5513 1573 4166 | 0.48995734 | 0.13979736 | 0.37024528
15197 4.5 A151981 R,G,B.x,y,2 YOINQUANADA
ngua
fothadt A1d#3n189INET-TCS230 mdadud
v R(Hz) B(11z) G(Hz) X y z
(fnd)
Frothedil 3639 4977 4179 | 0.28440797 | 0.38898007 | 0.38898007
Frothafi2 1259 3215 2024 | 0.19375192 | 0.49476762 | 0.31148045
Fret1eii3 2029 4534 3021 | 0.21170701 | 0.47308013 | 0.31521285
Fret1aia 3436 5141 4148 | 0.27001964 | 0.40400785 | 0.32597249
Frethadis 2430 4661 3389 | 0.23187022 | 0.44475190 | 0.32337786
Fred1afi6 1476 3706 2391 | 0.19490294 | 0.48937013 | 0.31572692
15197 4.6 A151981 R,G,B x,y,2 woangud
WML x R B G

"R+G+B” R+G+B ° R+B+G
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BRALLAS AMAXIVI

GENERAL DESCRIPTION
The DS1307 serial real-time clock (RTC) is a low-
power, full binary-coded decimal (BCD) clock/calendar
plus 56 bytes of NV SRAM. Address and data are
transferred serially through an I°C, bidirectional bus.
The clock/calendar provides seconds, minutes, hours,
day, date, month, and year information. The end of
the month date is automatically adjusted for months
with fewer than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-
hour format with-AM/PM indicator. The DS1307 has a
built-in power-sense circuit that detects power failures
and automatically switches to the backup supply.
Timekeeping operation continues while the part
operates from the backup supply.

TYPICAL OPERATING CIRCUIT
|

64 x 8, Serial, I’C Real-Time Clock

Voo
| Nee
: CRYSTAL
Vee  Rey Rey [_{ [:I '_l ’
X1 X2 Vee
SCL SQW/OUT
CPU
DS130

SDA - Vear —-l-
Reu= VG, ‘l—’

[

ORDERING INFORMATION

DS1307

FEATURES

* Real-Time Clock (RTC) Counts Seconds,
Minutes, Hours, Date of the Month, Month, Day of
the week, and Year with Leap-Year
Compensation Valid Up to 2100

* 56-Byte, Battery-Backed, General-Purpose RAM

with Unlimited Writes

I°C Serial Interface

Programmable Square-Wave Output Signal

Automatic Power-Fail Detect and Switch Circuitry

Consumes Less than 500nA in Battery-Backup

Mode with Oscillator Running

= Optional Industrial Temperature Range:
-40°C to +85°C

» Available in 8-Pin Plastic DIP or SO

= ° Underwriters Laboratories (UL) Recognized

PIN CONFIGURATIONS

TOP VIEW

X101} mv,., = xid v~ v,

X2l MISQW/OUT X2[] ISQW/OUT]
Vg T SCL Vgur JscL
GNDIII TNSDA GND[] ISDA

SO (150 mils) PDIP (300 mils)

VOLTAGE (V) PIN-PACKAGE

PART TEMP RANGE TOP MARK*
DS1307+ 0°C to +70°C 5.0 8 PDIP (300 mils) DS1307
DS1307N+ ~40°C to +85°C 5.0 8 PDIP (300 mils) DS1307N
DS1307Z+ 0°C to +70°C 5.0 8 SO (150 mils) DS1307
DS1307ZN+ - 40°C to +85°C 5.0 8 SO (150 mils) DS1307N
DS1307Z+T&R 0°C to +70°C 5.0 8 SO (150 mils) Tape and Reel  DS1307
DS1307ZN+T&R ~40°C to +85°C 5.0 8 SO (150 mils) Tape and Reel  DS1307N

+Denotes a lead-free/RoHS-compliant package.

A "+ anywhere on the top mark indicates a lead-free package. An “N” anywhere on the top mark indicates an industrial temperature range

fevice.

1-0f 14

REV: 100208
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DALLAS

SEMICONDUCTOR

DS1820

1-Wire™ Digital Thermometer

—

FEATURES

* Unique 1-Wire™ interface requires only one port pin
for communication

* Multidrop capability simplifies distributed temperature
sensing applications

* Requires no extemal components
. ® Can be powered from data line
® Zero standby power required

® Measures temperatures from -55°C to +125°C in
0.5°C increments. Fahrenheit equivalent is <67°F to
+_257°F in 0.9°F increments

. Temperature is read as a 9-bit digital value.
® Converts temperature to digital word in 200 ms (typ.)

® User—definable, nonvolatile temperature alarm set-
tings
¢ Alarm search command identifies and addresses

devices whose temperature is outside of pro-
grammed limits (temperature alarm condition)

* Applications include thermostatic controls, industrial
systems, consumer products, thermometers, or any
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9—bit tem-
perature readings which indicate the temperature of the
device.

Information is sent to/from the DS1820 over a 1-Wire
interface, sothat only one wire (and grou nd) needs tobe
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source.

PIN ASSIGNMENT
BOTTOM VIEW
NC = 1 16 F= NC
NC =2 152 NC -
NC = 3 14 = NC
NC =] 4 13F= NC
NCT—= 5 12F= N
I NCt==} 6 M= NC
00D VDD =3 7 10F= NC
ZAao pQ 8 8 = 6oND
0] >
DS1820 DS1820S
PR35 PACKAGE 16—PIN SSOP
See Mech. Drawings See Mech. Drawings
ion Section
PIN DESCRIPTION
GND — Ground
DQ — Data In/Out
Voo L. — Optional Vpp
NC — No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and control.

©Copyright 1995 by Dallas Semiconducior Corporation,

All Rights Reserve?t For important information regarding
patents and other intellectual property rights, please refer to
Dallas Semiconducior data books.

021497 1727



‘eatures
High-performance, Low-power AVR® 8-bit Microcontroller
Advanced RISC Architecture
— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
-~ On-chip 2-cycle Multiplier
High Endurance Non-volatile Memory segments
~ 32K Bytes of In-System Self-programmable Flash program memory

~ 1024 Bytes EEPROM 8-bit AVR g

— 2K Byte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM H
— Data retention: 20 years at 85°C/100 years at 25°C(" pﬂ icrocontro ller
— Optional Boot Code Section with Independent Lock Bits H

In-System Programming by On-chip Boot Program WIth 32K Bytes

True Read-While-Write Operation
— Programming Lock for Software Security - In"Syste m
JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard PrOQ ram mable

— Extensive On-chip Debug Support

— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface FIaSh
Peripheral Features ’

— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes

— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capt_t_l_r? ]

Mode .ATmega32
~ Real Time Counter with Separate Oscillator

" — Four PWM Channels : ATmega32L

— 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only,
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
~ Byte-oriented Two-wire Serial Interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface .
- Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
IO and Packages
- 32 Programmable VO Lines
~ 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF INote:
Operating Voltages
~ 2.7 - 5.5V for ATmega32L
— 4.5 - 5.5V for ATmega32
Speed Grades
— 0 - 8 MHz for ATmega32L
— 0 - 16 MHz for ATmega32
Power Consumption at 1 MHz, 3V, 25°C for ATmega32L
— Active: 1.1 mA
— Idle Mode: 0.35 mA
— Power-down Mode: < 1 pA

Not Recommended for new
designs.

AIMEL
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din Figure 1. Pinout ATmega32
>onfigurations PDIP
/
(XCK/TO) PBO (] 1 40 | PAO (ADCO)
(T1) PB1 ] 2 39 |~ PA1 (ADC1)
(INT2/AINO) PB2 1 3 38 [ PAZ (ADC2)
(OCO/AINT) PB3 ] 4 37 [ PA3 (ADC3)
(85) PB4 1] 5 36 i PA4 (ADC4)
(MOSI) PB5 L | & 35 |’ PA5 (ADCS)
(MISO) PB6 ] 7 34 I> PA6 (ADCS)
(SCK) PB7 (.| 8 33 {: PA7 (ADC?)
RESET ] 9 32 [ AREF
VCC I} 10 31 [= GND
GND ] 11 30 |3 AVCC
XTAL2 F 12 29 {3 PC7 (TOSC2)
XTALY 17 13 28 [ PC6 (TOSC1)
(RXD) PDO [ 14 27 [1 PC5 (TDI)
(TXD) PD1 ] 15 26 [ PC4 (TDO)
(INTO) PD2 ] 16 25 |71'PC3 (TMS)
(INT1) PD3 ] 17 24 [ PC2 (TCK)
(OC1B) PD4 7} 18 23 |1 PC1 (SDA)
(OC1A) PD5 ] 19 22 I3 PCO (SCL)
(ICP1) PD6 1| 20 21 [2 PD7 (OC2)
TQFP/MLF
S8
82 §  seons
222-8 8883
NLLEX LI
T ONrr0o 200 —nm
POPPE528 588
C o0 T g
[ 3 444 3424 140393837363534
MOSH) PBS 7] 1 oo . 33 71 PA4 (ADC4)
(MISO) PB6 1.j2 | 1 32 |5 PA5 (ADCS5)
(SCK) PB7 1|3 | ' 31 |71 PAS (ADC6)
RESET U4 ! '+ 30 331 PA7 (ADC7)
vee s ! 1 29 I AREF
GND 6 ! » 28 |3 GND
XTAL2 17 ! 1 27 [ AVCC
XTAL1 ] 8 ! 1 26 |71 PC7 (TOSC2)
(RXD) PDO L ' 1 25 |3 PCe (TOSC1)
(TXD) PD1 ] ! 124 1 PC5 (TDI)
(INTO) PD2 (| 11/ """ """ -==-==----= 23 7 PC4 (TDO)
1451617181992 155
/ SO T 3000 -
ot 2885828588
Bottom pad should "—‘823&‘>03296)‘
be soldered to ground. Z g g & 8, ci/))/ @ t(__l E

ATmega32(L) mem———————
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S ATmega32(L)

Overview The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC

architecture. By executing powerful instructions in a single clock cycle, the ATmega32 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
sumption versus processing speed.

Block Diagram Figure 2. Block Diagram

PAO - PAT PCO-PCT
vcc 4 4 r's s & 4 &
Y ~, g
— PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS
GND PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE
T
< l I r\
AVCC - < p- v
MUX& | .. C N :
'< ADC " INTERFACE [T [ W
AREF —
5 : ] :
PROGRAM STACK s CwNEI?EﬁS te—s1 OSCILLATOR
COUNTER [ POINTER [*T7
PROGRAM | INTERNAL
1 FLasH | SRAM e OSCILLATOR :
T i oxTALl
N ron SENERAL ey WATDHDOG OSCILLATOR A
iR e
T REGISTERS - -
] ” X *
INSTRUCTION e MCU CTRL —
DECODER * Y. 1 aTMING RESET
T le- z
l T
INTERNAL ’
C?_::QT!?SOL > 'N"'Ejﬁ’?r“” CALIBRATED
OSCILLATOR
. 1 ;
STATUS ;
AVR CPU REGISTER [#+* f—* EEPROM
PROGRAMMING 7
= = b
T COMP. .
. INTERFACE [* "]
A = N
) | ! /
PORTB DIGITAL INTERFACE PORTD DIGITAL INTERFACE
PORTB DRIVERS/BUFFERS PORTD DRIVERS/BUFFERS
f { 4 J v A, J " A, l J r l
PBO - PB7 PDO - PD7

N

J3N-AVR-06/08
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in Descriptions
cc
GND

Port A (PA7..PA0)

The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega32 provides the following features: 32K bytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 1024 bytes EEPROM, 2K byte SRAM, 32
general purpose I/O lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Intemal and External interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain (TQFP package only), a programmable Watchdog Timer with Internal Oscil-
lator, an SPI serial port, and six software selectable power saving modes. The Idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter-
rupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all I/O modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nator Oscillator is-running while the rest of the device.is sleeping. This allows very fast start-up
combined with low-power consumption. in Extended Standby mode, both the main Oscillator
and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the Application Flash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip,
the Atmel ATmega32 is a powerful microcontroller that provides a highly-flexible and cost-effec-
tive solution to many embedded control applications.

The ATmega32 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators,
and evaluation kits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port A output buffers have sym-
metrical drive characteristics with both high sink and source capability. When pins PAO to PA7
are used as inputs and are externally pulled low, they will source current if the internal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

4 ATmega32(L) s —————————

2503N-AVR-06/08
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Port B (PB7..PB0)

{Port C (PC7..PC0)

Port D (PD7..PD0)

AREF

25

T —

03N-AVR—06/08

Port B is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port B also serves the functions of various special features of the ATmega32 as listed on page
57.

Port C is an 8-bit bi-directional ¥/O port with internal pull-up resistors (selected for each bit). The
Port C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

The TDO pin is tri-stated unless TAP states that shift out data are entered.

Port C also serves the functions of the JTAG interface and other special features of the
ATmega32 as listed on page 60.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port D also serves the functions of various special features of the ATmega32 as listed on page
62.

Reset Input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum puise length is given in Table 15 on page
37. Shorter pulses are not guaranteed to generate areset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

Output from the fnverﬁng Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally con-
nected to V¢, even if the ADC is not used. If the ADC is used, it should be connected to Vee

through a low-pass filter. :

AREF is the analog reference pin for the A/D Converter.
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5. PIN CONFIGURATION

SS[ 1 [ 28| SCLK
MOSI[ 2 | [ 27 JVeeo
MISO [ 3 26 ]XCLK
Vesn [ 4 25 |INT
NC | 5 24 [ RAC
NC[ &_| .
NC| 7 22 [ NC
NC[ 5] 1SD4004 ~7 NG
NC [ 9 20 ] NC
. Nc[ 10 19 |NC
Vel 11 18 | Veea
Veea (72 17 _JANAIN+
AUD OUT ] 13 16 | ANA IN-
AMCAP[ 74 | 15 |NC
SOIC / PDIP
Vesal 1 @ 28 —INC
RACT 2 27 E2NC
NG 3 26 I Veea
NCi—j 4 25 T 1ANAIN+
INTC—/ 5 24 [ ANA IN-
XCLKC— s 23 ONC
Veeco T 7 22 1AM CAP
SCLK— 8 1SD4004 21 INC
8So 20 3 AUD OUT
MOSI— 10 19 INC
MISO— 11 18 [ Vssa
Vsso ) 12 17 2 Vssa
NCC1 13 16" ——INC
NC— 14 15 INC
TSOP
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6. PIN DESCRIPTION

Ss 1 9 Slave Select: This input, when LOW, will select the
1SD4004 device.
MOSI 2 10 Master Out Slave IN: This is the serial input to the

ISD4004 device when it is configured as slave. The master
microcontroller places data on the MOSI line one half-cycle
before the rising edge of SCLK for clocking into the device.

MISO 3 1 Master In Slave Out: This is the serial output (open drain)
of the 1ISD4004 device. This output goes into a high-
impedance state if the device is not selected.

Vssa ! Vssp 11,12, 1,17, 18/ | Ground: The 1SD4004 series utilizes separate analog and |
23/4 12 digital ground busses. The analog ground (Vssa) pins
should be tied together as close as possible and connected
through a low-impedance path to power supply ground.
The digital ground (Vssp) pin should be connected through
a separate low-impedance path to power supply ground.
These ground paths should be large enough to ensure that
the impedance between the Vgs, pins and the Vsgp pin is
less than 3 Q. The backside of the die is connected to Vss
through the substrate. For chip-on-board design, the die
attach area must be connected to Vs or left floating.

NC 5-10, 15, 3,4,13- | Not connected
19-22 16, 19, 21,
23,27, 28
AUD ouT ™ 13 20 Audio Output: This pin provides an audio output of the

stored data and is recommended be AC coupled. it is
capable of driving a 5 KQ impedance Rexr.

M The AUD OUT pin is always at 1.2 volts when the device is powered up. When in playback, the output buffer
connected to this pin can drive a load as small as 5 KQ. When in record, a built-in resistor connects AUD OUT to
the internal 1.2-volt analog ground supply. This resistor is approximately 850 KQ, but will vary somewhat
according to the sample rate of the device. This relatively high impedance allows this pin to be connected to an
audio bus without loading it down.

Publication Release Date: February 2004
~7- Revision.1.0
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AM CAP

14

22

AutoMute™ Feature: The AutoMute feature only applies
for playback operation and helps to minimize noise (with 6
dB of attenuation) when there is no signal (i.e. during
periods of silence). A 1 pF capacitor to ground is
recommended to connect to the AM CAP pin.

This capacitor becomes a part of an internal peak detector
which senses the signal amplitude. This peak level is
compared to an internally set threshold to determine the
AutoMute trip point. For large signals, the AutoMute
attenuation is set to 0 dB automatically but 6 dB of
attenuation occurs for silence. The 1 MF capacitor also
affects the rate at which the AutoMute feature changes with
the signal amplitude (or the attack time).

The AutoMute feature can be disabled by connecting the
AM CAP pin directly to V¢ca..

ANA IN-

16

24

Inverting Analog Input: This pin'transfers the signal into
the device during recording via differential-input mode.

In this differential-input mode, a 16 mVp-p maximum input
signal should be capacitively coupled to ANA IN- for
optimal signal quality, as shown in Figure 1: ANA IN
Modes. This capacitor value should be equal to that used
on ANA IN+ pin. The input impedance at ANA IN- is
normally 56 KQ. :

In the single-ended mode, ANA IN- should be capacitively
coupled to Vs, through a capacitor equal to that used on
the ANA IN+ pin.

ANA IN+

17

25

Non-Inverting Analog Input: This pin is the non-inverting
analog input that transfers the signal to the device for
recording. The analog input amplifier can be driven single
ended or differentially.

In the single-ended input mode, a 32 mVp-p (peak-to-peak)
maximum signal should be capacitively connected to this
pin for optimal signal quality. The external capacitor
associated with ANA [N+ together with the 3 KQ input
impedance are selected to give cutoff at the low frequency
end of the voice passband.

In the differential-input mode, the maximum input signal at
ANA IN+ should be 16 mVp-p capacitively coupled for
optimal signal quality. The circuit connections for the two
modes are shown in Figure 1.
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Veea ! Veep 181727 2617 Supply Voltage: To minimize noises, the analog and digital
circuits in the 1SD4004 devices use separate power
busses. These +3V busses are brought out to separate
pins and should be tied together as close to the supply as
possible. In addition, these supplies should be decoupled
as close to the package as possible.

RAC 24 2 Row Address Clock: This is an open drain output that
provides the signal of a ROW with a 200 ms period for 8
KHz sampling frequency. (This represents a single row of
memory.) This signal stays HIGH for 175 ms -and stays
LOW for 25 ms when it reaches the end of a row.

The RAC pin stays HIGH for 109.37 psec and stays LOW
for 15.63 psec in Message Cueing mode (see Message
Cueing section for detailed description). Refer to the AC |
Parameters table for RAC timing information at other
sample rates. ’

When a record command is first initiated, the RAC pin
remains HIGH for an extra Tracy period. This is due to the
need of loading the internal sample and hold circuits in the
device. This pin can be used for message management
techniques.

A pull-up resistor is required to connect this pin to other
device.

INT 25 5 Interrupt: This is an open drain output pin. This pin goes
LOW and stays LOW when an Overflow (OVF) or End of
Message (EOM) marker is detected. Each operation that
ends with an EOM or OVF will generate an interrupt. The
interrupt will be cleared the next time an SP! cycle is
initiated. The interrupt status can also be read by an Ry
instruction.

A pull-up resistor is required to connect this pin to other
device.

Overflow Flag (OVF) — The Overflow flag indicates that the
end of memory has been reached during a record or
playback operation.

End of Message (EOM) — The End of Message flag is set
only during playback operation when an EOM is found.
There are eight EOM flag position options per row.
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XCLK
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External Clock Input. The pin has an internal pull-down
device. The ISD4004 series is configured at the factory with
an internal sampling clock frequency centered to +1
percent of specification. The frequency is then maintained
to a variation of +2.25 percent over the entire commercial
temperature and operating voltage ranges. The internal
clock has a —6/+4 percent tolerance over the extended
temperature, industrial temperature and voltage ranges. A
regulated power supply is recommended for industrial
temperature range parts. If greater precision is required,
the device can be clocked through the XCLK pin as follows:

Part Number Sample Rate Required Clock
1SD4004-08M 8.0 kHz 1024 kHz .| . -
ISD4004-10M 6.4 kHz 819.2 kHz
1SD4004-12M 5.3 kHz - 682.7 kHz
1SD4004-16M 4.0 kHz 512 kHz

These recommended clock rates should not be varied
because the anti-aliasing and smoothing filters are fixed.
Otherwise, aliasing problems can occur if the sample rate
differs from the one recommended. The duty cycle on the
input clock is not critical, as the clock is immediately
divided by two. If the XCLK is not used, this input must
be connected to ground.

SCLK
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Serial Clock: This is the input clock to the ISD4004 device.
It is generated by the master device (typically
microcontoller) and is used to synchronize the data transfer
in and out of the device through the MOSI and MISO lines,
respectively. Data is latched into the ISD4004 on the rising
edge of SCLK and shifted out of the device on the falling
edge of SCLK.
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