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Abstract

This report describes a design and construction of a CMOS image sensor controller with
PSoC (Programmable system on chip). The devices used in this construction consist of CMOS
Image Sensor and PSoC. We can program the PSoC with I'C communication and send parameter
such as imagesize, light, activemode etc, which is the first packet parameter send to CMOS Image
Sensor. After that we aquire the pixel data and send to the computer for collect data finally the

computer can apply the image other application,



nadnssuUseme

a | = eq' 1 [y 1 L] w
lunatadinTygniinudil nedidionldunimsamdeunsmiveyunnyana
' v o & A £ e '
nmwthodofudniumedilow fneudaduedbsdwevsunszgamariumg o Tema
o
i
a o =
veveunszfn INATYYA Taumignd orsdition Adhudldauianudle
{ & 4 4 - <
A lumsinnsadmnudereanui nfesdleginiel aaersunoufiumefAld
Tuminenssazduniufivrdu Inseou
v oA - & » o a_ = o =
vevaumszfa juil.In unsiwenq dxsIdnonduaz i usinfeatumnifou
L] ] ﬂ. [} 4
Tunsuezuusihginrsidqiiaulan ¥ lummanes
. L d
YOVOUNIEAM fUNS founiuaznseuniMeuruinegiididslwazmivayuly

msanen lronner

fdah
WIWWHA 19T gyef3

-
N IN WIYSITUEND



11

sty

unfindoniy iny
unfindon 1 gIngy
LA AT
mIug Unm
m3tigmsn
unft 1 umi
1.1 Sagilszesdues Ity
1.2 YOUWAMSANHUNY
1.3 sz Tomifimanes 185y
1.4 1wazibualavtousslnsiiu
un#t 2 nowi
2.1 TulnsaouInsames PsoC
2.1.1 qmﬂuﬁﬁﬁﬁﬁmum PSoC
2.2 Tnsarfvmaaniaunyd
2.2.1 PSoC Core
2.2.1.1 nvsduliadygrandnilszneudie
2.2.2 Digital System
2.2.3 Analog System
2.2.4 Systern Resources
2.2.5 Port
2.2.5.1 gy A1 vet PSoC TulninouInsmany
2.2.6 Oscillator
2.2.7 Reset
2.3 Tusunsy Visual Basic
23.1 dhwinemsBoud
232 FuAufu Visual Basic

n
HN

E - (35 IR 5 B S |

Qo -~ N

12
13

15
16
16
17
18



v

m13UgY(AL)

2.3.3 AM1er19 Project Inai
2.3.4 M1l Control A9
235 dsillumImuguiwumahou
2.3.6 matisynd i§fatu
2.3.7 Insfiwed (Procedure)
2.4 STUUNNATADD
25 mmi’uﬁmﬁu Image Sensor

2.6 1Wivuey CCD iy CMOS

d. o
unft 3 ndnmIshau

3.1 nanmIanhau
3.2 wanmrhauvesTueadumised MTOMOOI
3.3 mafmusfidivesBuendumsmuized MTOM0o!
3.4 mil¥anuluga r'cHW

3.4.1 gaoutiavoaluga FCHW

342 nifeursgunssiuuy I'C BUS

3.5 MIAINY CMOS Image Sensor

19
20
26
29
30
30
32
i3

34
34
35
36
37
18
40

uni 4 HORTINAREY
4.1 ﬁt’gty“lﬂlﬁllﬂﬂﬂ CMOS Image Sensor
42 mnhdygrudoyaiarensuiureiiunesavinudae
Tasunsw Visual Basic
unit 5 aqthinz3esinammaces
MARNIN
finAnyrndizmn

s M -~
niaTed1484



mistigguam

s1#t 2.1 uBenlanzunsululnsneuTnsamed Psoc
U 22 PSoC Core

iﬂﬁ 2.3 Digital System

51/ 2.4 uerAam3 1§97 Digital Block

517 2.5 Analog System

31# 2.6 urmams ¥ Analog Block

1‘ﬂﬁ 2.7 System Resources

11]# 2.8 uaasdIfuazrmINALMUINdggIuangueslod CYsc27433
711 29 Nestudianamisnnouen

71 2.10 293T19m

31t 2.1 nmalnd

U7 212 nwdiRannmsveena

511 3.1 Block diagram tia@amAnmsia

117 3.2 vienlazunsumsiFerdonuy '

s1#t 3.3 Snwaznnsidoudequnaaiiiuy F'c BUS
317 3.4 uumsdewendeyauuy r'c Bus

U 3.5 sowzdudunazanuzdugaves ' BUS
3U#t 3.6 sfamauguyes FCBUS

117 3.7 msfudstindeynves Fc BUS

qUit 4.1 dgygm SDATA uaz SCLK

31ft 4.2 dag'm FRAME VALID uag LINE_VALID
51t 4.3 dgygm LINE VALID uns DATAOUT

317 4.4 uansnnuuAnARYeIIMA I Bmeee s Tuneredy TS uua

10
11
11
12

15
16
31
31
34
37
38
38
39
39
40
42
43

45



VI

CRR DT R AN

MI9N 2.1 VY IuA13989 PSoC
A o o o ]
A13197 2.2 AyAn¥AlaZAINMLI0A 199 Y04 Flowchart
y . : y
111 2.3 Uszinvoadulslu visual Basic vuanuwanudin e
o P o d
HAZTWASIDYAYDIANAINY
' A . . :
A13199 2.4 INToIHN1eN19N1IA Y014 Visual Basic
r a ' . .
A1519% 2.5 inTsanuei 1 lunsalSoudiouly Visual Basic
M3 2.6 fumniAnagmi NN Object Tu Visual Basic

M13199 3.1 F8e1AFR199 Ty CMOS Image Sensor

13
17

18
19
19
25
41



TuilegiiuanueigdmdhveunaTulad 1&Gavaun it mhlded e
Fimlszdriudmng lédudaduszuudfaoalun TaonsanSemeou ssuvudtaeadiiu
Sanusiaiwfonouiumeifis lnusuegyoiu uazmsdeasunBmondolnil
Iy Insdwiuazdumediflainedaasiudyapanuvateea Tasfiszuuasnoaluled
saifudmuquginsdididnnsetinduns Infhann fifisuinezfusuiiszuuday
HioATADR

szvunmasasalagminnldedienfevmuaiiulss Temiesrannluilegiv 5e
MAMINAUIIZUUAMATABABE3 T2 Image Sensor (Hudnddgediannlussyy
mstfanndtasad 1 1¥aued19n$19v7198s Tmage Sensor ltueylegtiuiley 2
wilafio CCD fu cMOS Falumsdszyn@l$am CMOS Image Sensor 9e1 800D
unzﬂszm‘fﬂmiéunﬂﬁmwﬁmuﬁaun‘hunzﬂizﬂauﬁm1mgnn’h Suffuimireulalums
tizyndun1$01139uf0 PSoC (Programmable System On Chip) #uiluluInsnauInsames
MdRmulumsesnuuud andaugUnsaiilgaelnnunzamnsasenuuunauny
szvvAtanaldedniivszdninm Tasansaldnmn ¢ vie Assembly WouTdsunsu
eSuemsvhau @1 psoc amnseTsunsuiedFumsthandsududmiussun

TulntneuInsames

1.1 Taquszaenveslaseaiu

1. annafouindnmatieiuves psec el
annsndizgndlfau PSoC T CMOS Image Sensor
annsnfnuuazdhlsszuumathinuves CMOS Image Sensor

ManseauguUMsesniuY PSoC Tavldnwn ¢ 14

L A

a a o el A
mansmifeyanmen CMOS Image Sensor yiundafiulunoufiunediie1d

lumnlszgpaaumadutszuionn (Image Processing)



1.2 VOUWANIAUHUMS
1. AnumAnmsniauyes CMOS Image Sensor ilefidlszynd 1y
2. fnwuazeenuuiF2993 (PCB)TanTasun3y Altium Designer 6.0
3. Anumdnmeinuves PSoC iellizyndlgauituy CMOS Image Sensor
a. Anvunzl¥n ¢ lunwesnuuvussmeFanganssuldsmiy pSoC e
ALY CMOS Image Sensor IR A IWOBNIN
5. 19011 Visual Basic lummlssmanadygnanimasaoaldosnidugilmwma

VONBUNUADS

1.3 dszlumifimnio1&%
o] et oy 1 I
1. Whlede3fnennuuulsvidsaendinsdy
i lelunlszynaldans CMOS Image Sensor fuAITUsENIAHAN

Wilsazeunsodoulisunsueenuuy Psoc Tasniw C

el

¥hlsunzansooenuuuuduates (PeB) TauldTdsunsy Altium Designer 6.0
5. hlsunzensodouTysunsy Visual Basic iethdyaunwataea

o, o
1.]'5311']'(‘1Hﬂllﬂﬂﬁuuﬂﬂﬂﬂn‘ﬂ'ﬂﬂﬂ‘i

1.4 Neavidvalaetovesinsanuy
»

TnssnuiifennaugunmssureideluIns T nsmyed laold
WlnsTsmmaeife fivonlulnsnouInsamefiudnuguanisvesdueadums
4 LT o ¥ o o o 1 ]

wues Tasn1saanil seansangvesdueatumsures iiudunaloaunad

1 4

F o o ) @ A
wonniuisldnesdudadygrauimnoiufivenluInsneuTnsawmes itedinua

o - = o a W & o r)
anulumihauvesdueadumssuireidis Tasanubvesdyg auikminléfe 2
»
= LY = - L] 4

wnnzEin miuFueadusruaedsedidyanudeyn 10 Saoenun ud nidgeuild

c: = "o oy o 1 < - L] -y
i liAadeduneuiumed lavasamunesavuudie Tusunsudvynudn



uni 2

noug

2.1 TulnsneuTnsaes PsecC
PSoC Microcontroller (Hu'luTnsnouTnsainesuesfiy Cypress Microsytems Tanifiu
Tulasneu Insamesifinlszuanadeyouun 8 Ha wilousululnsneuTnsames s
o oo ' P ) 4
iin 9 IidguenniBinuiuanae TuenTuTasneu Insamesasznaduaifle Psoc McU
» ¥
IIBINTBONLUUNINTIR W ATapannzeutasn N1 1A d i Wnseeniuufidesil
1 4 o ¥ U4 ooy . ¥
AsguneIfuseninegilnein Asaoauazowinen awnson 18 Trosdouazazainainy
A4 a 2. ¥ o - &
gauu anmadai 1dunavesniseenuuuidnasdndie Tasmnizaseindteutasna
1 4 »
o - U res [ o ] ar s A
tnsgfivinaeudielngidniimadanves psoc dslanundesiaigeviuiesves
] ¥
unastuiindyguuwnInrmnnate uenenuildalifan¥u In-System Serial
Programming (ISSP) Meruisaiims Tilsunsuwesaldan 18esnuuas Ty lundesnanus
=] J ] L4 o
Tisunsu (Flash Memory) nulu@2¥n 14 daszaedmsiann Tusunsulddy
4 &
TulnsneuInmsamesiinnuazainmueningsiu
o o o4 [
vngtuiveaszuulylnineuInsamedidn Farnnsesesfunmshanlugluvy
aa = 44 4 <4
IRAFYYIUNNATADD AABATUMITVLILAANNN NI ONRNTUN 1A evrAeNd
Huilufesordinuzainduazanuduiglumsesnuuuta1&imewanin
ed 4 0 o ¢ a
TuTninouInsamessuienatlgmuazdoifavesszun Tulnineu Insamediduauneu
{ 1 . 4 = -l
1911971 PSoC 178 Programmable System on Chip @avuwiteans Tlsunsudn it
o o o - - ) A
anumsafiaeandssiunnudesnisvesssuuidesms 1dviues nieotsznandnmiy
P a Y & d e >
#1918418n Psoc fimwnalisunsufefdumshinuiduiiudmivizuy
; N 4
TuTnsneuInsaiaed iy 1ennlasdyyane ADC, DAC, PWM, Amplifier, Filter ttaz 81 8n
winue Wegraudumeludndeiiu1asde 14 iuiiuilsz lomidomsimunduediets
& - ' ™ - o o . o ‘e
MIPUUHINUDINTTARA LGN luMIsadt e Idwme SidmmanAy 39 ) uiludes
- - W o da o ' o
dunldesmodgauveslyIninsuTninaefilenuguglnseidume fidadiag wash
[ ﬂ. 1 g - H o & y J )
g lninfunfedunulunindaduiiiasdaeaulifamives u riidedr
4 o o o d
TuInsnou Tnsaaed PSoC nuiludnuiialulasneuInsameidmiminvaufina W
» »
aulofenisihlissynaléandeluernna uazeind g s 183 5ndy

2z
TuTnsnouInsamed PSoC winliu



L
L, i

2.1.1 quouiAnd1Agves PSeC
mnﬁﬂdnm'lmhausmi'flunﬁuetn‘éuﬁ1ﬁw‘lﬁé’d1unnﬁ1u1ﬁnﬁuﬁuqumﬂuﬁﬁﬁﬁﬁmﬂm
TulnsnouInsamed PsoC ﬁqﬁqmﬁuﬁﬁﬁﬁﬁmunz'[ﬂmﬁiuagiﬁmuﬂszmsﬁaﬁy

1. Wlngsadravesszuumeluuuy Harvard Architecture #20Myianilszudananioly
Huw MeC uazenseian&dfinnuigegais 24 Mz

2. fhavsgauaunieTuuu 8 x 8 Multiply (32 Bit Accumulate)

3. amnsaion sz duuaedu ndhdaud 3.0 1 5.25v

4. fiTnuamM MUY Switch Mode Pump (SMP) #a¢2e sz nuaansoviamdy
usafu Mieafifadudide 1v 18

5. awnsmh ldszgnaldauningammnssyiRiflueded Tasmusavhan 14
Tusgungil 40°C 1 85°C

6. ermuiadygnann@mifinnuiivinsegs Tavmnndenlddawna
doen111dun

- 1$avstuiiadyguunimeinniolu 2448 Miz Taeiimmanianaias +-
2.5% Taohifuilude ldmilnsalmouendug 1su r-c dhidu

- Mamsuiy X-TAL 32.768 KHz Urzneufugumunia PLL fifiognieludwite
Suiladyausninif 24/48 MHz

- a3y Extemal Oscillator IR 1uigenn 24 MHz

- Tvesduiindygrameludass dmfumsdiemluTnun sleep iag Watch
dog esnnBusnInvesszuy T nsnou Insauned

7. nu'wmmﬁﬂﬂmﬂsu"r‘;ﬁmwﬁﬂmjuqa

- 16 KB Flash Memory M35 uit03 CY27-Series l1az 32 KB A m3uiues CY29-
Series ﬁﬂimmsauﬁammunmzﬁﬁuuﬁﬂqn'luﬂ'lé’qaqﬂ 50,000 731

- MHANET RAM 701419 256 Byte AT e CY27-Series itas 2 KB
fmFuued CY29-Series

- sunsnldsunsudoyansgFndauguuuuves In - System Programming 181au
Lituiludesneainesnsinuein

- emnsnTilsunsude Smandoyanied 1018 (Partial Flash Updates)

- vannatwiu Truanisfleadu (Protection Mode)



- ensnldamuii19veq Flash Memory ieihumlssgnd1§iflumizsn
yiin EEPROM ¢ Tasludriludesduinesmeaiu EEPROM s1nmisuen
8. aunsoTlsunsufersumanhaulifuvdeques i TnsreuInsame 14
- ansatunizue1® 25mA noviluTnua GPIO
- aunsadengluumahauvsadazuliededase Tun Pull Up, Pull
Down, High Z, Strong, Open Drain High 118¢ Open Drain Low
- yoquidggaaunsadmualiifhumdsduiiadygudunes ind 14

9. nimomnuiuAn ilegluszuy Mud

A3 89T FC Slave, Master 18 Multi — Master

299301391914Y¥89 Watchdog 1AL Sleep Timer

Fémwsadmuamizfuussiulumshayld

a . ¥
#7993 Supervisory Uiznovegnivlu

frvsduilausedudredimeluiifinnuiiowmsage

10, fwerfuafdmiumswann1fIFauI8Fnmn C uay Assembly Famwmn
i InaatéWs 910 www.cypressmicro.com mnuansFmuiiuszeyge i ldnme
ATMY Assembly (U Gauamn C s $ulludeudemidiuitorasdonvordiald

amiel¥aunw ¢ 14

22 Tassefhramnariaund
pufnsazlfouluInsnou InsamefIdidalss Temiuazfivss Antnmgaga
o A w - o o =
FiFrusniiuiesdemmuivesflszneuiazarmauoneludrim
4 d . : :
Tinsnow Insamed MeRszamwsaithiszygndidan 18edegndsanaziminzauae

dmiuluTnsnoulnsames PsoC Dituuuinsendraveassuuneludegils 2.



1 2.1 vdenlaezunsululnsnouIniamed psoc

vinmmieras ifudeesdilizneu Tass el TninouInsamed PsoC Tunszqa

& a v o
CYSC27XXX %4130 3L N 15 ﬂ1\11uﬂ1ﬂ1u ‘lﬁﬁqu

2.2.1 PSoC Core
PSoC Core tHutiuvsannundnlumslszuarauazmugumahianunielu
M
Nanvua surlsznoudan

- vuamlszuianauuy MSC



- Flash Memory #3omuiaon s Tulsunsy
. ] s e o
- Supervisory ROM (SROM) wuwanui Tlsunsuniefivhmihnniuguisuy
astauneluvesluTnsneuInsnined 19y 013 Boot 521, N3 Caribrate 299350101y Hag

msdanisdeyai Flash Memory

3UM 2.2 PSoC Core

- SRAM #iiwn1ud1 RAM molu dmiulflunsiudeyassnhamaham

g4 4 . v ' y Y
voalisunsuuenaniiNuNves Stock Pointer ftniu1 lunron nusidmiidrusudiu

2.2.1.1 Nemuiadgygannwn diznsudan
- 24 MHz Internal Main Oscillator #30 IMO Lﬂuaqnsﬁ1nﬁﬁﬁmm1mu1ﬁn1ﬁ
i 24 MEz Taoliduiudes1¥dgygnonniinm’e X-TAL ewnmouen dede Wil
fhmmnw1ﬁ11ﬁﬁﬁtyq;1mu1ﬁm=ﬁﬂunmmmzmmﬁﬁtymﬂ INTIZUONINAT 1FU

a1 veslulnsneuTnsawmed 1Redrnsudm Tauhidniludesreginsailumssuiia



dygennAmnaniosenuda Srnsoduidannud luasien 1¥gata 24 MHz Yszney
AuA Error (13 2.5% Ssemnsn 1 18edrammanaresumsomsdeynoynsu (UART)
ii baud rate 57600 bps 1&iTud

- Internal Low Speed Oscillator #30 ILO iilunavsfuiiadgganiininudid
snyanilsdaoneonuidhdassifeldiihasssuiladyganfimifumshauves
Watchdog 10 Sleep Timer mmumwsﬁuﬁﬂﬂﬂgﬂpmu1ﬁmﬁ'1uﬁ'fmﬂmﬁﬁaﬁa4ﬂ1ﬂﬁ'
fulshszvuesfiedes mwimiues

- 32 KHz Crystal Oscillator #38 ECO iflu Inuamsvinuvessesduiiadyona
winmFezkeainus iy X-TAL 32.768 KHz minmoven n1111's'nuz1]uuufi'ﬁsﬁa
doamslinandvesdygnaneludismafissassgagafi 24 MHz Fedenmatonu
orezaadudungla X-TAL 32.768 KHz Savunsaad nanuddygnannimnetulégage
8424 Mz mairansohanusinful&imsziaaes PLL (Phase Lock Loop) sznouey
muly

- Sleep and Watchdog iiluTnuanuguashansluu sleep unzszing
arreuszrummhauvesszunlulnsneuInsaneidw watchdog

- Interrupt Controller M 28R RUAIBUIRBITHA Tﬂuﬁmmﬁmuqumﬁ

poURUBIABBUIADT INATINUM AW Uz MItafRuA YA Ry VeIn I BuAeTind

2.2.2 Digital System

ﬁ 1 P Loy ﬂ [ 9 o

dufuimshauvesszuudinealasdugdmunihemie Hardware Anonilu
= ] q’ d' [ Qe o o vy
83970 PSoC Core Inssadnadmdiieaidléomnnsofmuanguamiadnsunndudiaen
aaldungwluInineuIniames 14 i9u Timer, Counter, PWM, EC unz UART fudu ol
inlulnsneulmsameiliguauiamedudiaeaandeams dnsudniu CY27-Series 1
1114314 8 Digital Block unzdm{u CY29-Series amnsaléanildts 16 Digital Block

[ wﬂl ] | ar =y 1

dmiuguauiafiuguvewrazufien fie Tvnadoyaiidy 8 fiAWy Timer y11A 8/16 24

fin ex1Au6uan 1. 2 uaz 3 vdenmudidy



Iﬂﬁ 2.3 Digital System

Ao 2.4 uamaRIegMIAMuARIATY Timer vu1a 8 iin §117 2 4R, PWM
1A 8 1Un $1491 29A, Timer ¥119 16 1in $1179U 1 4@ 1AL Counter vu1A 16 1in S1uU 1

4 i 4 < i o
yn FaaasIdidudaimalgiufives Digital Block muieadsumahauiidmua



10

2.2.3 Analog System
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ANALOG SYSTEM
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(RS, R T TR

a - y
M151A 3.1 TRaADTAUD9 CMOS Image Sensor

P g ‘ B {{'ﬁﬁ
DO Chip Version 1000 0100 6001 0001 OxB431t
001 Row Start 0000 Oddd dddd dddd 0xDOGC
0x02 Column Start 0000 0ddd dddd dddd <0014
03 Row Size (Window Height) 0000 0ddd dadd deddd Ox03FF
0x04 Col Size tWindow Width) 0000 dddd deddd dddd OxDAFF
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OxF1 Chip Erable 0000 0000 0000 00dd 0x0001
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// C main line

/

#include <m8c.h>  // part specific constants and macros
#include "PSoCAPLh" // PSoC API definitions for all User Modules

#define SLAVE_ADDRESS 0x5D

#define Reset_Add 0x0D

#define Reset_ValH1 0x00
#define Reset_ValL1 0x01
#define Reset_ValH2 0x00
#define Reset Vall.2 0x00

#define Read2_Add 0x20
#define Read2 ValH Ox11
#define Read2 ValL 0x04

#define Restart_Add 0x0B
#define Restart ValH 0x00
#define Restart_ValL 0x00

/{ Prototypes function
void I2C_WriteByte(unsigned char Add, unsigned char ValH, unsigned char ValL);

void delay(long int del);



void main()

{

PWMI6_1_Start();

[2CHW_1_Start();
I2CHW_1_EnableMstr();

delay(1000);
12C_WriteByte(Reset_Add,Reset_ValHI,Reset ValL1);
delay(10);
12C_WriteByte(Reset_Add,Reset_ValH2,Reset ValL2);
delay(10);
I12C_WriteByte(Read2_Add,Read? ValH,Read2 ValL);
delay(10);
12C_WriteByte(Restart_Add,Restart_ValH,Restart_ValL);
delay(10);

while(1)
{
}

void 12C_WriteByte(unsigned cbar Add, unsigned char ValH, unsigned char ValL)
{
[2CHW_1 _fSendStart(SLAVE_ADDRESS,I2CHW_1_WRITE),
12CHW_1_fWrite(Add);
[2CHW_1_fWrite(ValH);



2CHW _1_fWrite(ValL);
2CHW_1_SendStop();

void delay(long int del)
{
long int j;

for (j = 0; j < del; ++j);



Private Declare Sub Out Lib "inpout32.d11" Alias "Out32" (ByVal PortAddress As Integer, ByVal
Value As Integer)
Private Declare Function Inp Lib "inpout32.di1" Alias "Inp32" (ByVal PortAddress As Integer) As

Integer

Public N As Integer
Public V As Integer
Public W As Integer
Public x As Integer
Public y As Integer
Public k As Integer
Public x1 As Integer
Public y1 As Integer
Private m(1280, 1024) As Integer
Private Sub Command1_Click()
Dim a As Integer
Dim b As Integer
Dim ¢ As Integer
Dim d As Integer
Dim ¢ As Integer
Dim f As Integer
Dim g As Integer
Dim h As Integer
Dim i As Integer
Dim j As Integer
Dim p As Integer
Dim | As Integer
"Out &H378, 0



'b = Inp(&H37A)
"V =Not (1 And Inp{&H37A))
TfV =1 Then
Fory=1Toyl
Forx =1 Toxl
a=Inp(&H379)
b = Inp(&H37A)

¢c=120Anda
d=Nota
e=128 And d

f=e+g¢

g=4Andb
h=3Andb
i=Noth
j=gti
k=f+j
V=Not (1 And b)
m(x,y)=k

Next x

Forp=1To 400

Next p

Next y

'End If

End Sub

Private Sub Command2_Click()



Fory=1Toyl
Forx =1 To x1
Picturel .PSet (x - 1,y - 1), RGB(m(x, y), m(x, y), m(x, y)}
Next x
Next y
End Sub

Private Sub Form_Load()
x1 = Text! . Text

yl = Text2.Text

Picturel. Width = x1
Picturel Height = y1

'Out &H378, 0

End Sub

Private Sub Timer]_Timer()
x1 = Textl . Text

yi = Text2,Text

Picturel Width = x1
Picture!.Height = y1

End Sub
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MTOMO01: 1/2-Inch Megapixel Digital Irrmg:e S:tnsor

ures

1/2-Inch Megapixel CMOS Digital Image Sensor

MTOMO01C125TM (Monochrome)

For the latest data sheet, refer to Micron’s Web site: www.micron.comiimaging

Features

« Micron® DigitalClarity™ CMOS imaging technology

» Array Format (5:4): 1,280H x 1,024V (1,310,720 active
pixels). Total (incl. dark pixels}: 1,312H x 1,048V
(1,374,976 pixels)

« Frame Rate: 30 fps progressive scan; programmable

« Shutter: Electronic Roiling Shutter (ERS)

« Window Size: SXGA; programmable to any smaller
format (VGA, QVGA, CIF, QCIF, etc.}

+ Programmabte Controls: Gain, frame rate, frame size

Applications

s Digltal still cameras

» Digital video cameras
» PC cameras

General Description

The Micron® Imaging MTSMO01 is an SXGA-format
with a 1/2-inch CMOS active-pixel digital image sen-
sor. The active imaging pixel array of 1,280H x 1,024V, It
incorporates sophisticated camera functions on-chip
such as windowing, column and row skip made, and
snapshot mode, It is programmable through a simple
two-wire serial interface.

This megapixel CMOS image sensor features Digitai-
Clarity—Micron’s breakthrough low-noise CMOS
imaging technology that achieves CCD image quality
(based on signal-to-noise ratio and low-light sensitiv-
ity) while maintaining the inherent size, cost, and inte-
gration advantages of CMOS.

Table :  Key Performance Parameters
Parameter Value

Optical format 172-inch (5:4)

Active Imager size 6.66mm(H) x 5.32mm{V)
Active pixels 1,280H x 1,024V

Pixel size 5.2pm x 5.2pm

Shutter type Electronic rolling shutter (ERS)
Maximum data rate/ 48 MPS/48 MHz

master ciock

Frame |SXGA 30 fps progressive scan;
rate {1280 x 1024) programmable

ADC resclution 10-bit, on-chip
Responsivity 2.1 Vilux-sec

Dynamic range 68.2dB

SNRmax 4548

Supply voltage 3.0V-3.6V, 3.3V nominal
Power consumption 363mwW at 3.3V (operating);

294mW (standby)

Qperating temperature G*C to +70°C

Packaging 48-pin CLCC

The sensor can be operated in its default mode or pro-
grammed by the user for frame size, exposure, gain set-
ting, and other parameters. The default mode outputs
an SXGA-size image at 30 frames per second {fps). An
on-chip analog-to-digital converter (ADC) provides 10
bits per pixel. FRAME_VALID and LINE_VALID signals
are output on dedicated pins, along with a pixel clock
that is synchronous with valid data.

Ordering Information

Table 2:

Part Number
MTOMOD1C125TM

Avallable Part Numbars

Description
48-pin CLCC (lead free)

POF; 09005 anft 1 CZASEN Scurcr: 09005aafB0a3e031
MTINO01_DS_t.fm - Rey. F 506 EN
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General Description
Figure 1: 48-Pin CLCC Package Pinout Diagram

MT9MO001: 1/2-Inch Megapixel Digital Image Sensor
General Description
i A A

x
a 3 g @ ¥ g -]
=z £
'FEEETESEEREY:
nonnonnnaooonrfd
& 5 4 i 2 1 L] g 6 6 L' 43
STANDBY 17 «1NC
TRIGGER _j® o[ JFRAME_VALID
NCis s 1LINE_VALID
RESET# 10 »/15TROBE
NCn 38 DGND
NC 12 Voo
QE# in #) DouT<9>
NC[ | 351 DOUT<8>
AGND |15 34 DoUT<7>
Vaa ("] ni DouT<6>
AGND 17 = 1DOUT<5>
AGND '8 3‘j:| PIXCLK
1" 2 Iz N M » ¥ 7 BN XN
T Y g
=
£3888¢7930§35°
S3533°
oo o000
Figure 2: Block Diagram
Control Register © "fwm e serial
Active-Pixel npULOUTRUt
Sensor {APS)
Array
SXGA Timing and Control |=—— Clock
1,280H x 1,024V
Sync
:> Signals
Analog Processing > ADC 10-bit Data
POF; (900528181 20564/S0ounce: S9D05sT80234011 Micron Tachnology, Inc., resenves the right to changs product or KX without notke.
MTIM0M_DS_2 b - R, £ 06 EN 5 02004 Mioron Technology, Inec All rights N



MT9MO01: 172-Inch Megapixel Digital Image Sensor
General Description
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Table 3: Pin Descriptions
Pin Numbers Symbol Type Description

29 CLKIN Input Clock in. Master clock into sensor (48 MHz maximum).

13 OE# Input Output enable. OE# when HIGH places outputs DouT<0:9>,
FRAME_VALID, LINE_VALID, PIXCLK, and STROBE into a tri-state
configuration.

10 RESET# Input Reset. Activates {LOW) asynchronous reset of sensor. All registers
assume factory defaults.

46 SCLK Input serial clock. Clock for serlal interface.

7 STANDBY lnput Standby. Activates (HIGH) standby mode, disables analog bias circuitry
for power saving mode.

8 TRIGGER Input Trigger. Activates (HIGH) snapshot sequence.

45 SDATA Input/Output | Serial data. Serial data bus, requires 1.5KQ) resistor to 3.3V for pull-up.

24-28, 32-36 Dout<0-9> Output Data out. Pixel data output bits 0:9, Dout<9> (MSB), DouT<0> (LSB).

41 FRAME_VALID Qutput Frame valid. Output is pulsed HIGH during frame of valid pixel data.

40 LINE_VALID Output Line valid, Qutput is pulsed HIGH during line of selectable valid pixel
data {see Reg0x20 for options).

N PIXCLK Output Pixe! clock. Pixel data outputs are valid during falling edge of this
clock. Frequency = {master clock).

39 STROBE Output Strobe. Output is pulsed HIGH to indicate sensor reset operation of
pixel array has completed.

15,17,18,21, 47, AGND Supply Analog ground. Provide isolated ground for analog block and pixel
48 array.
5,23, 38, 43 DGND Supply Digital ground. Provide isolated ground for digital block.
16, 20 Vaa Supply Analog power. Provide power supply for analog block, 3.3V £0.3V.

1 VAAPIX Supply Analog pixel power. Provide power supply for pixel array, 3.3V £0.3V

(3.3V).
4,22 37 Voo Supply Digitat power. Provide power supply for digital block, 3.3V £0.3V.
2,3,6,9 11, NC —— No connect. These pins must be left unconnected.
12,14, 19, 30,
42, 44

POF: 09003001 CASEf Soure: 03003aniS0ais03t
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Pixel Data Format
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Pixel Data Format

Pixel Array Structure

The MTIMOO01 pixel array is configured as 1,312 columns by 1,048 rows (shown in
Figure 3). The first 16 columns and the first eight rows of pixels are optically black, and
can be used to monitor the black level. The last seven columns and the last seven rows of
pixels are also optically black. The black row data is used internally for the automatic
black level adjustment. However, the black rows can also be read out by setting the
sensor to raw data output mode (Reg0x20, bit 11 = 1). There are 1,289 columns by 1,033
rows of optically active pixels, which provides a four-pixel boundary around the SXGA
(1,280 x 1,024) image.

Figure 3:  Pixel Array Description

0,
8 black rows 0.0

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

SXGA (1,280 x 1,024}
+ 4 phel boundary
+ addhional actlve column
H + addiional active row ! 16 black columns
! = 1,289 x 1,033 sctive pleals

7 black columns

7 black rows
{1311, 1047)

Figure 4:  Pixel Pattern Detail (Top Right Corner)

column readout direction

black pixels
Pixel
_{78.16)
G R |G R (G R 1
B [/ B {2 B1GY| B
row
readout |- |Gl | R [GI{R |GTPR |G
direction
B juslB [0y B (L2 B
b GTER a1 | R pGOYVER (G
B |G2|B [GB G/ B
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Output Data Format

The MT9MO001 image data is read out in a progressive scan. Valid image data is
surrounded by horizontal blanking and vertical blanking, as shown in Figure 5. The
amount of horizontal blanking and vertical blanking is programmable through Reg0x05
and Reg0x06, respectively. LINE_VALID is HIGH during the shaded region of the figure.
FRAME_VALID timing is described in “Output Data Timing” on page 8.

Figure 5:  Spatlal lllustration of image Readout

Pag Po,1 Poz- o] L Je— T T
Py Py Prgme: 00 00 00 ..ey.enstcrrersss 9000 00
VALID IMAGE H;nﬁ:m;!-

By 1.0 Pt prsmsesmsssmamsmassmsisesseesss Pt Pt
Pot Pre geen-

000000 ...
00 00 00 ...,

VERTICAL BLANKING VERTICAL/HORIZONTAL

Output Data Timing

The data output of the MT9MO001 is synchronized with the PIXCLK output. When
LINE_VALID is HIGH, one 10-bit pixef datum is output every PIXCLK period.

Figure 6: Timing Example of Pixel Data

LINE_VALID —--——~—/ \--—--—
PAXCLK
Blanking I Valid Image Data |Blunking
BouTe-DouTd

The rising edges of the PIXCLK signal are nominally titned to occur on the rising DOUT
edges. This alows PIXCLK to be used as a clock to latch the data. DOUT data is valid on
the falling edge of PIXCLK. The PIXCLX is HIGH while master clock is HIGH and then
LOW while master clock is LOW, It is continuously enabied, even during the blanking
period. The parameters P1, A P2, and Q in Figure 7 are defined in Table 4.

POF: (900%aaTB 1 2B Sounce: 0900 5aefi0n3nDI 1 Micron Technology, Inc, Fesarves the right 10 chanpe products of spedflcations without notice.
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Figure 7 Row Timing and FRAME_VALID/LINE_VALID Signals

FRAME_VALID ‘ j'—-——
1 1
LINE_VALIG . 1 1 ™1 :
| i | t 1 1 t 1 3
| | 1 ' ] i ' | '
¥ 1 T — T T T -
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Frame Timing Formulas

MTSMO001: 1/2-Inch Megapixel Digital Image Sensor

Pixel Data Format

Table 4: Frame Timing
Paramaeter Namme Equation (MASTER CLOCK) Default Timing Notes
A Active Data Time (Rag0x04 + 1) 1,280 pixel clocks 1
= 26.74s
Py Frame Start Blanking |(242) 242 pixel clocks
= 5.04us
Py Frame End Blanking | (2 + RegOx05 - 19) 2 pixel clocks 2
{MiN RegOxD5 value = 19) =0.042us
Q=P +P Horizontal Blanking | {244 + RegOx05 - 18) 244 pixel clocks 2
(MIN Reg0x05 value = 19) = 5.08ps
A+Q Row Time ((Reg0x04 + 1) + (244 + RegOx05 - 19)) 11,524 pixel clocks
= 31.75¢s
v Vertical Blanking {RegOx06 + 1) x (A + Q) 39,624 pixel clocks
(MIN RegOx06 value = 15) = 825.5us
Npows X (A + Q} |Frame Valid Time (Reg0x03 + 1} x (A + Q) 1,560,576 pixel clocks
= 32.51ms
F Total Frame Time (Reg0x03 + 1 + Reg0x06 + 1) x (A + Q)  |1,600,200 pixel clocks
= 33.34ms
Notes: 1. Row skip mode should have no effect on the integration time. Column skip mode changes
the effective value of Column Size (Reg0x04) as follows:
Cotumn Skip 2 => Rdeff = (int(R4/4) x 2) + 1
Column Skip 4 => Rdeff = (int(R4/ 8B} x 2) + 1
Column Skip 8 a> Rdeff = (int{R4/ 16) x 2) + 1
where the int() function truncates to the next lowest integer. Now use Raeff in the equa-
tion for raw time instead of R4
2. Default for RegOx05 = 9. However, sensor ignores any value for RegOx05 less than 19.
Sensor timing is shown above in terms of pixel clock and master clock cycles (please
refer to Figure 6). The recommended master clock frequency is 48 MHz. The vertical
blank and total frame time equations assume that the number of integration rows {bits
13 through 0 of Reg0x09) is less than the number of active plus blanking rows (Reg0x03 +
1 + Reg0x06 + 1). If this is not the case, the number of integration rows must be used
instead to determine the frame time, as shown in Table 5.
Table5: Frame Time—Long Integration Time
Parameter Name Equation (master clock) Defauit Timing
v Vertical Blanking (long integration time) | (Reg0x0% - RegOx03) x (A + Q) 39,624 pixel clocks
= 82.5p5
F Total Frame Time (long integration time) | (Reg0x09 + 1) x (A + Q) 1,600,200 pixel clocks
= 33.34ms

POF: 0R0058atB1CHOSE Source: (9005 sefE0e3e031
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Serial Bus Description

Registers are written to and read from the MTIM001 through the two-wire serial inter-
face bus. The sensor is a two-wire serial interface slave and is controlled by the serial
clock (SCLK), which is driven by the serial interface master. Data is transferred into and
out of the MT9MO001 through the serial data (SDATA) line. The SDATA line is pulled up to
3.3V off-chip by a 1.5KQ resistor. Either the slave or master device can pull the SDATA line
down—the serial interface protocol determines which device is allowed to pull the
SDATA line down at any given time,

Protocol

The two-wire serial interface defines several different transmission codes, as follows:
* a start bit

* the slave device eight-bit address

* a(an) (no) acknowledge bit

¢ an B-bit message

* astop hit

Sequence

A typical read or write sequence begins by the master sending a start bit. After the start
bit, the master sends the slave device's eight-bit address, The last bit of the address
determines if the request will be a read or a write, where a “0” indicates a write and a “1”
indicates a read. The stave device acknowledges its address by sending an acknowledge
bit back to the master.

If the request was a write, the master then transfers the 8-bit register address to which a
write should take place. The slave sends an acknowledge bit to indicate that the register
address has been received. The master then transfers the data eight bits at a time, with
the slave sending an acknowledge bit after each eight bits. The MT9M001 uses 16-bit
data for its internal registers, thus requiring two 8-bit transfers to write to one register.
After 16 bits are transferred, the register address is automatically incremented, so that
the next 16 bits are written to the next register address. The master stops writing by
sending a start or stop bit.

A typical read sequence is executed as follows. First the master sends the write-mode
slave address and 8-bit register address, just as in the write request. The master then
sends a start bit and the read-mode slave address. The master then clocks out the
register data eight bits at a time. The master sends an acknowledge bit after each 8-bit
transfer. The register address is auto-incremented after every 16 bits is transferred. The
data transfer is stopped when the master sends a no-acknowledge bit.

Bus Idle State

The bus is idle when both the data and clock lines are HIGH. Control of the bus is initi-
ated with a start bit, and the bus is released with a stop bit. Only the master can generate
the start and stop bits.

Start Bit

The start bit is defined as a HIGH-to-LOW transition of the data line while the clock line
is HIGH.

POF: 0900584181 <2856/ Source; 0900 Senfi0atal3 ) Micon Taechnology, Inc. resarves the rigit 1o change produrts or spadflertions without notica.
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Slave Address

Data Bit Transfer

Acknowledge Bit

MTSMO001: 1/2-Inch Megapixel Digital image Sensor
Serial Bus Description

RSO S

The stop bit is defined as a LOW-to-HIGH transition of the data line while the clock line
is HIGH.

The 8-bit address of a two-wire serial interface device consists of seven bits of address
and 1 bit of direction. A “0” (0xBA) in the LSB (least significant bit} of the address indi-
cates the write mode, and a “1” (0xBB) indicates read mode.

One data bit is transferred during each clock pulse. The serial intesface clock pulse is
provided by the master. The data must be stable during the HIGH period of the two-wire
serial interface clock—it can only change when the serial clock is LOW. Data is trans-
ferred eight bits at a time, followed by an acknowledge bit.

The master generates the acknowtedge clock pulse. The transmirter (which is the master
when writing, or the slave when reading) releases the data line, and the receiver indi-
cates an acknowledge bit by pulling the data line LOW during the acknowledge clock
pulse,

No-Acknowledge Bit

The no-acknowledge bit is generated when the data line is not pulled down by the
receiver during the acknowledge clock pulse. A no-acknowiedge blt is used to terminate
a read sequence,

cERSEL/SonrTe:
MTSM001 DS 2 fn - Rev. F 506 EN
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Two-Wire Serial Interface Sample Write and Read Sequences

16-Bit Write Sequence

A typical write sequence for writing 16 bits to a register is shown in Figure 8. A start bit
given by the master, followed by the write address, starts the sequence. The image
sensor will then give an acknowledge bit and expects the register address to come first,
followed by the 16-bit data. After each eight-bit transfer, the image sensor will give an
acknowledge bit. All 16 bits must be written before the register will be updated. After 16
bits are transferred, the register address is automatically incremented so that the next 16
bits are written to the next register. The master stops writing by sending a start or stop
bit.

Figure 8: Timing Diagram Showing a Write to Reg0x09 with the Value 0x0284

a4
SDATA
- OxBA ADDR - - RegOx0s - - 0g00 0010 N 1000 0100 - sTOR
START ACK ACK ACK ACK
16-Bit Read Sequence

A typical read sequence is shown in Figure 9. First the master has to write the register
address, as in a write sequence, Then a start bit and the read address specifies that a read
is about to happen from the register. The master then clocks out the register data eight
bits at a time. The master sends an acknowledge bit after each eight-bit transfer. The
register address should be incremented after every 16 bits is transferred. The data
transfer is stopped when the master sends a no-acknowledge bit.

Figure 9: Timing Diagram Showing a Read from Reg0x09; Returned Value 0x0284

SCIK

SOATA

(uBA ADDR Relx09 B8 ADDR 0000 0010 1000 010G

- - - . - - - sTOP

START ACK ALK ACK ACK NACK
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MT9MO01: 172-Inch Megapixel Digital Image Sensor

Registers

Registers

Register Map

Table 6:  Register List and Default Values

Register ¥ {Hex) Description Data Format (Binary) Default Value (Hex)
0x00 Chip Version 1000 0100 0001 0DOT 0x8431
0x01 Row Start 0000 0ddd dddd dddd 0x000C
0x02 Column Start 0000 Odidd dddd dddd 0x0014
0x03 Row Size (Window Height) 0000 0ddd dddd dddd 0x03FF
0x04 Col Size (Window Width) 0000 Oddd dddd dddd O0x04FF
0x05 Horizontai Blanking 0000 Oddd dddd dddd 0x0009
0x06 Vertical Blanking 0000 0ddd dddd dddd 0x0019
0x07 Output Control 0000 0000 0d00 00dd 0x0002
0x09 Shutter Width 00dd dddd dddd dddd 0x0419
0x0B Restart 0000 0000 0000 000d 0x0000
0x0C Shutter Delay 0000 0ddd dddd dddd 0x0000
0x0D Reset 0000 0000 0000 000d 0x0000
Ox1E Read Options 1 1000 dddd 00dd dd00 0x8000
0x20 Read Options 2 ddo1 0dd1 dodd d10d 0x1104
0x28 Even Row, Even Column 0000 0000 0ddd dddd 0x0008
O0x2C Odd Row, Even Column 0000 0000 0ddd dddd 0x0008
0x2D Even Row, Odd Column 0000 0000 0ddd dddd 0x0008
0x2E Odd Row, Odd Column 0000 0000 0ddd dddd 0x0008
0x35 Global Gain €000 0000 0ddd dddd 0x0008
Ox5F Cal Threshold dddd dddd dodd dddd 0x0904
Ox60 Even Row, Even Column 0000 000d dddd dddd 0x0000
0x61 Odd Row, Odd Column 0000 000d dddd dddd 0x0000
0x62 Cal Ctri d00d 4100 1001 1ddd 0x0458
0x63 Even Row, Odd Column 0000 000d dddd dddd 0x0000
0x64 Odd Row, Even Column 0000 000d dddd dddd 0x0000
OxF1 Chip Enable 0000 0000 0000 00dd Ox0001

Note: 1 =always 1
0 =always 0
d = programmable
POF: (U00S8ef812855Sourc: 0S0058e1B0a3#031 Miron Technglogy, Inc.. reservas the right ta change products or e fications without natice.
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A

Table 7: Register Description

Register | Bit | Description
Chip 1D
0x00 | 15:0 | This register is read-only and gives the chip identification number: 0x8431.
Window Control
These registers control the size of the window.
0x01 10:0 |First row to be read out—default = 0x000C {12).
0x02 10:0 | First column to be read out—defauit = 0x0014 (20).
Register value must be an even number.
0x03 100 | Window height {number of rows - 1}—default = 0x03FF (1023).
Minimum value for 0x03 = 0x0002.
0x04 10:0 | Window width (number of columns - 1)——default = O0x04FF (1279).
Register value must be an odd number.
Minimum value for 0x04 = 0x0003.

Blanking Control

These registers control the blanking time in a row (called column fill-in or herizontal blanking) and between frames
(vertical blanking). Horizontal blanking is specified in terms of pixel clocks. Vertical blanking is specified in terms of row
readout times. The actual imager timing can be calculated using Table 4, “Frame Timing,” on page 10.

0x05 10:0 | Horizontal Blanking-—default = 0x0009 (9 pixels).
0x06 10:0 | Vertical Blanking—default = 0x0019 (25 rows).
QOutput Control
This register controls various features of the output format for the sensor.
ox07 0 synchronize changes (copied to RegOxF1, bit1).

0 = normal operation. Update changes to registers that affect image brightness (integration time,
integration delay, gain, horizontal blanking and vertical blanking, window size, row/column skip or
row mirror) at the next frame boundary. The “frame boundary” is 8 row_times before the rising
edge of FRAME_VALID. {i “Show Dark Rows* is set, it will be coincident with the rising edge of
FRAME_VALID.}

1 = do not update any changes to these settings until this bit is returned to “0.”

1 Chip Enable {copled to RegOxF1, bitd).

1 = normal cperation.

0 = stop sensor readout. When this is returned to *1,” sensor readout restarts at the starting row in
a new frame. The digital power consumptfon can then also be reduced to less than SuA by turning
off the master dock.

2 Reserved—default is 0; set to zero at all times.

Reserved—default is 0 set to zero at all times.

6 Use Test Data.

When set, a test pattern will be output instead of the sampled image from the sensor array. The
value sent to the DouT[9:0] pins will alternate between the Test Data register {Reg0x32) in even
columns and the inverse of the Test Data register for odd cofurmns. The output "image” will have
the same width, height, and frame rate as it would otherwise have. No digital processing {gain or
offset) is applied to the data. When clear (the default), sampled pixe! values are output normally.

w
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&[2 icron MTIMO01: 1/2-Inch Megapixel Digital Imagne Sensor

Table 7: Register Description (continued)

Register | Bit | Description
Pixel Integration Control
These registers {along with the window sizing and blanking registers) control the integration time for the pixels.
The actual total integration time (INT) is:
YINT = Reg0x09 x row time - overhead time - reset delay, where:
Row time = ((Reg0x04 + 1) + 244 + RegOx05 - 19} pixel clock periods
Overhead time = 180 pixel clock periods

Reset delay = 4 x RegOx0C pixel clock periods
If the value in Reg0x0C exceeds (row time - 548)/4 pixel clock cycles, the row time will be extended by (4 x Reg0x0C - (row
time - 548)) pixel clock cycles.

In this expression, the row time term, RegOx09 x {(number of columns) + 244 + horizontal blanking register - 19),
corresponds to the number of rows integrated. The overhead time (180 pixel clocks) is the overhead time between the
READ cycle and the RESET cycle, and the final term is the effect of the reset delay.

Typically, the vaiue of Reg0x09 is limited to the number of rows per frame (which includes vertical blanking rows) such
that the frame rate is not affected by the integration time. If RegOx09 is increased beyond the total number of rows per
frame, the MT3MO001 will add additional blanking rows as needed. A second constraint is that YINT must be adjusted to
avoid banding in the image from light flicker. Under 60Hz flicker, this means 'INT must be a multiple of 1/120 of a second.
Under 50Hz flicker, YINT must be a multiple of 1/100 of a second.

0x09 13:0 | Number of rows of integration—default = (x0419 {1049).
0x0C 10:0  |Shutter delay—default = 0x0000 (0). This Is the number of master clocks times four that the timing
and control logic waits before asserting the reset for a given row.
Frame Restart
Ox0B 0 Setting bit 0 to “17 of RegOx08 will cause the sensor to abandon the readout of the current frame
and restart from the first row. This register automatically resets itself to 0x0000 after the frame
restart. The first frame after this event is considered to be a "bad frame" (see description for
Reg0x20, bitD).
Reset
0x0D 0 This register is used to reset the sensor to its default, power-up state. To put the MTOMOO1 in reset
mode first write a “1” into bit 0 of this register, then write a “0” into bit 0 to resume operation.
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Table 7: Register Description {continuad)

Raglister [ Bl { Description

Read Mode 1

in read mode 1, this register is used to control many aspects of the readout of the sensor.
Ox1E 0 Reserved—defauit is 0; set to zero at all times.

1 Reserved—default is 0; set to zero at all times.

2 Column Skip 4—default is 0 {disable).

1 = enable.

3 Row Skip 4—default is 0 (disable).

1 = enable.

4 Column Skip B—default is O (disable).

t = enable.

5 Row Skip 8—default is 0 (disable).

1 = enable.

6 Reserved—default is §; do not change.

7 Reserved—default is 0; do not change.

8 Snapshot Mode—default is 0 (continuous mode).

1 = enable (wait for TRIGGER; TRIGGER can come from outside signal (TRIGGER pin on the sensor)
or from serial interface register restart, i.e. programming a *1" to bit 0 of RegOx0B.

9 STROBE Enable—default is 0 {(no STROBE signal).

1 = enable STROBE (signat output from the sensor during the time ail rows are integrating. See
STROBE width for more information).

10 STROBE Width—defauit is 0 {STROBE signal width at minimum length, 1 row of integration time,
prior to line valid going HIGH).

1 = extend STROBE width (STROBE signal width extends to entire time ali rows are integrating).
11 Strobe Override—default is 0 (STROBE signal created by digital logic).

1 = override STROBE signal (STROBE signal is set HIGH when this bit is set, LOW when this bit is set
LOW. It is assumed that STROBE enable is set to “0” if STROBE override is being used).

12 Reserved—default is §; do not change.

13 Reserved—default is 0; do not change.

14 Reserved—default is 0; do not change.

15 Reserved—default is 1; do not change.

Gain Settings
The gain is individually controliable for each of the four groups of pixels that lie in odd rows and columns, even rows and
columns, odd rows and even columns, and even rows and odd columns. This is shown in the register chart.

Formula for gain setting:
Galin<8

Gain = (bit[6] + 1) x (bit[$-0] x 0.125}
Gain > 8 {bit[6] = 1 and bit[5] = 1)

Gain = 8.0 + bit(2-0]

Since bitl6) of the gain registers are multiplicative factors for the gain settings, there are alternative ways of achieving
certain gains. Some settings offer superior noise performance to others, despite the same overall gain. The following lists
the recommended gain settings:

Gain Increments

1.000 to 4.000 0.125 0x08 to 0x20
4.25 10 8.00 0.25 0x51 to 0x60
9.010 15.0 1.0 0x61 to Ox67

0x2B 6:0 Even row, even column—defauit = 0x08 (8) = 1x gain.

0x2C 6:0 | Odd row, even column—default = 0x08 (8) = 1x gain.
POF: 09005881 (2858 Soure: 090058 80832031 Micron Technology, inc, reserves the right to change products or spadifications without netics.
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Table 7:  Register Description (continued)

Register BH Description

0x2D &0 Even row, odd column—default = 0x08 (8) = 1x gain.

Ox2E &0 Odd row, odd column—default = 0x08 (8) = 1x gain.

0x35 6:0 Global gain—default = 0x08 (8} = 1x gain. This register can be used to set ail four gains at once.
Test Data

0x32 11:2 | Test Data.

The value used to produce a test pattern in “Use Test Data® mode (RegOx07 bit 6).

Read Mode 2
This register is used to control many aspects of the readout of the sensor.

0x20 0 No bad frames—1 = output all frames (including bad frames).

0 (default) = only output good frames. A bad frame is defined as the first frame foliowing a change
to: window size or position, horizontal blanking, row or column skip, or mirroring.

1 Reserved—default is 0; do not change.

2 Reserved—default is 1; set to *1” at all times.

3 Column skip—1= read out two columns, and then skip two columns (for example, col 0, col 1, col 4,

col 5...),
0 = normal readout (defauit).

4 Row skip—1 = read out two rows, and then skip two rows (for example, row 0, row 1, row 4, row
5.).
0 = normal readout (default).

5 Reserved—defauit is 0; do not change.
6 Reserved—default is 0; set to zero at all times.

7 Flip Row—1 = readout starting 1 row later (alternate color pair}.
0 {default) = normal readout.

8 Reserved—default is 1; set to “1" at all times.

9 1 = "Continuous® LINE_VALID {continue producing LINE_VALID during vertical blanking).
0 = normal LINE_VALID (default, no LINE_VALID during vertical blanking).

10 1 = LINE_VALID = "Continuous" LINE_VALID XOR FRAME_VALID.
0 = LINE_VALID determined by bit 9.

n Reserved—default is 0; do not change.
12 Reserved—default is 1; do not change.
13 Reserved—default is 0; do not change.
14 Reserved—default is 0; do not change.

15 Mirror Row—1 = read out from bottom to top (upside down).
0 {default) = normal readout (top to bottom).

Test Data
0x32 11:2 | Test Data.
The value used to produce a test pattern in “Use Test Data” mode {Reg0x07 bit 6).

Black Level Calibration
These registers are used in the black level calibration. Their functicnality is described in detail in the next section.

PDF: 0000%awf312A5&fS0ource: (9005 arfBlaledd! Micron Tachnology, Inc, resarves tha Fgit to change products or spectficatiom without notics,
MTINI0OT D5 2.fm - Rev. F 506 EN 18 Q2004 Miron Tedwnology, (nc All rigivts restrved.



egisters

CM IC ron MT9MO001: 172-Inch Megapixel Digital Ima%e Sensor

Table 7;

Register Description (continued)

Register

Description

0x5F

5:0

Thres_lo—Lower threshold for black level in ADC LSBs—default = 000100.

7

1 = averride automatic Thres_hi and Thres_lo adjust (Thres_hi always = bits 14:8; Thres_lo always =
bits 5:0).
Default = 0 = Automatic Thres_hi and Thres_lo adjustment.

14:8

Thres_hi—Maximum allowed black level in ADC LSBs (default = Thres_lo + 5).
Black level maximum is set to this value when bit 7 = 1; black fevel maximum is reset to this value
after every black level average restart if bit 15 = 1 and bit 7 = 0.

15

No gain dependence.

1 = Thres_lo is set by the programmed vaiue of bits 5:0, Thres_hi is reset to the programmed value
(bits 14:8) after every black level average restart.

0 = Thres_lo and Thres_hi are set automatically, as described above.

0x60

8:0

Even row, even column-—analog offset correction value for even row, even column, bits 0:7 sets
magnitude, bit 8 set sign.

0 = positive; 1 = negative.

two's complement, if bit 8 = 1, Offset = bits [0:7] - 256.

Ox61

8:0

Odd row, odd column—analog offset correction value for odd row, odd column, bits (:7 sets
magnitude, bit 8 set sign.

0 = positive; 1 = negative.

two's complement, if bit 8 = 1, Offset = bits [0:7] - 256.

0x62

Manual override of black level correction.
1 = override automatic black level correction with programmed values.
0 = normal operation {default).

2:1

Force/disable black level calibration.

00 = apply black level calibration during ADC operation only (default).
10 = apply black level calibration continuously.

X1= disable biack level correction (QOffset Correction Voltage = 0.0V).
{In this case, no black level correction is possible).

4:3

Reserved—default is 1; do not change.

6:5

Reserved—default is 0; do not change.

Reserved-—default is 1; do not change.

9:8

Reserved—default is 0; do not change.

10

Reserved—default is 1; do not change.

11

1 = do not reset the upper threshold after a black level recalcuiation sweep.
0 = reset the upper threshold after a black level recalculation sweep (default).

12

1 = start a new running digitally filtered average for the black level (this is internally reset to “0”
immediately), and do a rapid sweep to find the new starting peint.
0 = normal operation (default).

14:3

Reserved—default is 0; set to zero at all times.

15

1 = do not perform the rapid black level sweep on new gain settings.
0 = normal operation.

Ox63

8.0

Even row, odd column—analog offset correction value for even row, odd column, bits 0:7 sets
magnitude, bit 8 set sign.

0 = positive; 1 = negative.

two's complement, if bit 8 = 1, Offset = bits [0:7] - 256.

Ox64

8:0

Qdd row, even column—analog offset correction vatue for odd row, even column, bits 0:7 sets
magnitude, bit 8 set sign.

0 = positive; 1 = negative.

two's complement, if bit 8 = 1, Offset = bits [0:7] - 256.
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Tahle 7:  Register Description (continued)

Register l Bit ‘ Description
Chip Enable and Two-Wire Serial interface Write Synchronize.
OxF1 0 Mirrors the functionality of RegOx07 bit1 (Chip Enable).

1 = normal operation.
0 = stop sensor readout; when this is returned to *1,” sensor readout restarts at the starting row in

a new frame.
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Feature Description

Feature Description
o e R

Signal Path
The MTIM001 signal path consists of two stages, a programmable gain stage and a
programmable analog offset stage.

Programmabie Gain Stage

A total programmable gain of 15 is available and can be calculated using the following
formula:

Gain 1 t08: Gain = (bit]6] + 1) x (bit[5:0] x 0.125)

For gain higher than eight, the user would need to set bit[6:5] = 11 and use the lower 3
LSB's bit[2:0] to set the higher gain values. The formula for obtaining gain greater than
eight is as follows:

Total gain = 8 + bit[2:0]
For example, for total gain = 12, the value to program is bit[6-0] = 1100100,
The maximuim total gain = 15, i.e. bit{6:0] = 1100111.

The gain circuitry in the MT9MO001 is designed to offer signal gains from one to 15, The
minimum gain of one corresponds to the lowest setting where the pixel signal is guaran-
teed to saturate the ADC under all specified operating conditions. Any reduction of the
gain below this value may cause the sensor to saturate at ADC output values less than
the maximum, under certain conditions, It is recommended that this guideline be
followed at all times.

Since bit[6] of the gain registers are multiplicative factors for the gain settings, there are
alternative ways of achieving certain gains. Some settings offer superior noise perfor-
mance to others, despite the same overall gain. Recommended gain settings are listed in
Table 8.

Figure 10: Signal Path

Gain Selection
{Reg0x2B - 0x2E)

Pixel Output
(signal m@———@—-< 10-bit ADC ————fg?;; Data
minus reset) )

COifset Correction Voltage
{Reg0x50, RegOx61,
Reg0x63, RegOx6d)

L (signed lower 9 bits) x 2mY

Tabla 8: Recommended Gain Settings at 48 MHz

Nominal Galn incremants Recommaended Settings
1to 4.000 0.125 0x08 to 0x20
4.25to 8.00 0.25 0x51 to 0x60
91015 1.0 0x61 to 0x67
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&’2 icron MTOMO001: 1/2-Inch Megapixel Digital Image Sensor

Figure 14: Black Level Calibration Flow Chart

Gain Selection
(cobor-wise)
Pixal Output
tsignat minus 10-bit ADC Q‘;‘; Data
reset)
Offsat Correction Voltage
(color-wise)
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Registers
Table 9: Black Level Registers

Register | bit |Description
RegOx5F
This reglster controls the operation of the black level calibration threshoids.
15 | No gain dependence.
1 = Thres_lo is set by the programmed value of bits 5:0, Thres_hi is reset to the programmed value
{bits 14:8) after every black level average restart.
0 = Thres_to and Thres_hi are set automatically as described below.
14:8 | Thres_hi—maximum allowed black level in ADC LSBs (default = Thres_lo + 5}.
Biack level maximum is set to this value when bit 7 = 1, black level maximum is reset to this value
after every black level average restart if bit 15 =1 and bit7=0.
7 7 = override automatic Thres_hi and Thres_lo adjust (Thres_hi always = bits 14:8, Thres_lo always =
bits 5:0).
0 = automatic Thres_hi and Thres_lo adjustment.
5:0 | Thres_lo—Lower threshold for black level in ADC LSBs.
Under default automatic operation (bit 7 = 0, bit 15 = 0), Thres_lo = RegGainm,,/4 x (RegGainmay
bit 6 +1) x (RegGainmay bit 7 +1), where RegGaingax is the maximum of the four independent gain
register settings.

Whenever a jump in the calibration causes the black level data to change from below Thres_lo to
above Thres_hi, Thres_hi is adjusted according to the following:
if new black level < 64: Thres_hi = Thres_lo + 2 + (2 x Delta), where Delta = new black level -
Thres_lo

if new black level > 63 and < 119: Thres_hi = new black level + 4

if new black level > 119: Thres_hi = 123
After any recalculation of the black level and average restan, Thres_hi is reset to either Thres_lo +
5 (automatic, default mode), Thres_hi (bit 7 = 1). RegOx62, bit 11 wili override this.

RegOx62
This register is used to control the automatic black level calibration circuitry.

15 1 = do not perform the rapid black level sweep on new gain settings.
0 = normal operation.

14 Reserved—default is 0; do not change.
13 Reserved—default is 0; do not change.

12 |1 = start a new running digitally filtered average for the black level (this is internally reset to “0”
immediately), and do a rapid sweep to find the new starting point.

11 1 = do not reset the upper threshold after a black level recalculation sweep.

0 = reset the upper threshoid after a black level recaiculation sweep (default).

10:3 | Reserved—default is 1; do not change.

21 Force/disable black jevel calibration.
00 = apply black level calibration during ADC operation only {(defauit).
10 = apply black level calibration continuously.
%1 = disable black level correction {Offset Correction Voltage = Skew Voltage » 0.0V).
{in this case, no black level correction is possible).
0 Manual override of black level correction.
1 = override automatic black level correction with programmed values.
0 = normal operation (default).

PDF. D008 120561 Aource: 0900 5aefi0Ie031 Micon Technology. Inc, reserve the right to change products o spacifications without notka.
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Registers
Table 9:  Black Level Registers (continued)
Reglister bit |Description

RegOx60, These registers contain the 9-bit signed black level calibration vajues. In normal operation, these
Regdx61, values are calculated at the beginning of each frame. However, if Reg0x62, bit 0 issetto *1,” these
Reg0x63, registers can be written to, overriding the automatic black level calculation. This feature can be
RegOx64 used in conjunction with readout of the black rows {Reg0x20, bit 11} if the user wouid like to use

an external black level calibration circuit. The offset correction voltage is generated according to
the following formula:

Offset Correction Voltage = (9-bit signed
calibration value, -256 to 255} x (2mV x Enable bit}
two's complement, if bit B = 1, Offset = bits [0:7] - 256

ADC input voltage = Pixel Output Voltage x Analog Gain - Offset Correction Voltage

POF: 09005 a1 1cZB561 Aokurce: DI00SsaTB0IIR081 Micran Tachnalogy, Inc, raserves the right 16 change products of specilcation without notice.
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Registers

still Image Capture with External Synchronization

In continuous mode video image capture, the TRIGGER signal should be held LOW or
“0.” To capture a still image, the sensor must first be put into snapshot mode by
programming a “1” in register Ox1E, bit 8. In snapshot mode, the sensor waits for a
TRIGGER signal (FRAME_VALID, LINE_VALID signals are LOW, pixel clock signal
continues). When the TRIGGER signat is received (active HIGH), one frame is read out (a
TRIGGER signal can also be achieved by programming a restart—for example, program
a “1” to bit 0 of Reg0x0B). The reset, readout timing for that frame will be the same as for
a contnuous frame with similar register settings; the only difference is that only one
frame is read out. General timing for the snapshot mode is shown in Figure 15.

Figure 15: General Timing for Snapshot Mode

LINE_VALID Signal

TRIGGER I l
Reset Row 1 | |
Reset Row ! I
1
Reset Rowrx ;‘_..._1
MAX strobe length (all rows integrating)
B i ———— o
STROBE _I E 1__
MIN strobe length {1 row time)
Readout 1

By setting bit 9 and 10 of Reg0x20 the line valid signal can get three different output
formats. The formats are shown when reading out four rows and two vertical blanking
rows (Figure 16). In the last format, the LINE_VALID signal is the XOR between the
continuously LINE_VALID signal and the FRAME_VALID signal.

Figure 16: Different LINE_VALID Formats

Default
FRAM E_VAaUD l_._.__l—_._
UINE_VALID _J_—L_J u l_J l___.___j—-\_
Continuously l______l__
FRAME_VALID
LINE_VALID _J U U I_J u l__[ L_I L.

FRAME_V:I(.:I,; I______’———
LINE_VALID ,_ﬂ I_-l I—] |—-l l I I 1 | 1 I
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Data Output and Propagation Delays

By default, the MTIMO001 launches pixel data, FRAME_VALID and LINE_VALID with the
rising edge of PIXCLK. The expectation is that the user captures DoUT{7:0],
FRAME_VALID and LINE_VALID using the falling edge of PIXCLK.

Figure 17: Data Output Timing Diagram

T ' %
e e e . E
CLKIN | Poodb it
: ; ; V e
t 3 : : : :
PIXCLK SR AR S U A Y A U A W
Yo . 1 i 1
' itos! : 5 :
T Vs H Vg |
Vo ' v FD '
P : —- -— ,
1 1 : I : N 1
pataio7] _ MNLPo W P ML P B W ew KX
T T - v
S . P !
. ' ton ' e TPFL
e S Lt
Frame Valid/ Cy '
Line Valid " Note: Frame_Valid leads Line_Valid by 242 PIXCLKs. Vo
I, #E Nate: Frame_Valid trails
1o Line_Valid {1+ Reg0x05-13) PIXCLKS.
1

Table 10: DC Electrical Characteristics
{DC Setup Conditions: fCLKIN = 48 MHz, VDD = 3.3V, VaA = 3.3V, VAAPIX = 3.3V, Ta = 25°C)

Symbol Definition Condition Min Typ Max Units
VDo Core digital voltage 3 33 36 1Y)
Vaa Analog voltage 3 33 3.6 v
VAAPIX | Pixel supply voltage 3 33 3.6 v
ViH Input high voltage Vrwa - 0.3 Vrwr + 0.3 v
Vi Input low voltage -0.3 0.8 v
hN Input leakage current No Pull-up Resistor; VIN = VoD -15 15 HA
or DGND

VOH Output high voltage Vewn - 0.2 — v
VoL Output low voltage 0.2 v
loz Tri-state output leakage current -— 15 pA
lop Digital operating current — 20 24 mA
lAA Analog operating current -— 85 110 mA

POF: 09005afE | 2856 Source: 0R00SanfB02e031
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Table 10: DC Electrical Characteristics (continued)
{DC Setup Conditions: fCLKIN = 48 MHz, VoD = 3.3V, Vaa = 3.3V, VAAPIX = 3.3V, Ta = 25°0)

Symbol Definition Comdition Min Ty Max Units
1AAPIX Pixe! supply current _— 5 10 mA
Isteeyp | Digital standby current STDBY = Vbb, CLKIN = 0 MHz —_ 9 20 mA
Istoeve | Digital standby current STDBY = VDD, CLKIN = 48 MHz - 55 125 pA
w/CLK

IsTosYDA | Analog standby current STDBY = VoD —_ 80 100 HA

Table 11:  AC Electrical Characteristics
(AC Setup Conditions: fCLKIN= 48 MHz, VoD = 3.3V, VAA = 3.3V, VAAPIX = 3.3V, Output Load = 30pF,

Ta = 25°C))

Symbeol Definltion Condition Min Typ Max Unht
TCLKIN  |Input clock frequency 1 - 48 MHz
YCLKIN Input clock period 1000 - 20.83 ns
T PIXCLK period 1000 — 20.83 ns
R Input clack rise time 4 Vins
K Input clock fall time —_ 4 Vins

Clock duty cycle a5 50 55 %

P CLKIN to PIXCLK propagation delay — 10 — ns
0 PIXCLK to data valid - - 1 ns
PFH PIXCLK to FV high — e 7 ns
PLH PIXCLK to LV high — — 7 ns
PFL PIXCLK to FV low — — 13 ns
PLL PIXCLK to LV low — - 13 ns
oS Setup time for data before falling edge of PIXCLK T2 -1 T2 172 +1 ns
*OH Hold time for data after falling edge of PIXCLK T2 -1 TR T72 +1 ns
VS Setup time for FV before falling edge of PIXCLK 2 3 — ns
HLvs Setup time for LV before falling edge of PIXCLK 2 3 — ns
CLoAD Load capacitance 30 pF

Table 12: Absolute Maximum Ratings
Rating

Symbol Parameter MIN MAX Unit

Top Operating temperature 0 70 *C

Tst6' | Storage temperature -40 125 °C

Note:  'Stresses greater than those listed may cause permanent damage to the device. This is a
stress rating only, and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is not implied. Expo-
sure to absolute maximum rating conditions for extended periods may affect reliability.

POF: 05003asfl | c2856/50urce: 05005eefE0ate031 Mitron Technology, Inc., ressrvan the right to change prodixts or spedifiartions without etics.
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Figure 13: Readout of Eight Pixels in Normal and Column Skip Output Mode

UNE_VALID |

MNommal readout
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LINE_VALID l

Column skip readout

Douts-Dourt P ERENEN D

Black Level Calibration

The MT9MO001 has automatic black level calibration on-chip which can be overtidden by
the user, as described below and shown in Figure 14.

The automadc black level calibration measures the average value of 256 pixels from two
dark rows of the chip for each of the four colors. The pixels are averaged as if they were
light-sensitive and passed through the appropriate color gain. This average is then digi-
tally filtered over many frames.

For each color, the new filtered average is compared to a minimum acceptable levet {to
screen for too low a black level) and a maximum acceptable level. If the average is lower
than the minimum acceptable level, the offset correction voltage for that color is
increased by one offset LSB (offset LSBs do not match ADC LSBs; typically, one offset
LSB is approximately 2mV). Ifit is above the maximum level, the leve! is decreased by 1
LSB (2mV). The upper threshold is automatically adjusted upwards whenever an
upward shift in the black level from below the minimum results in a new black level
above the maximum. This prevents black level oscillation from below the minimum to
above the maximum, The lower threshold is increased with the maximum gain seiting
according to the formula described under Reg0x5F. This prevents clipping of the black
level,

Whenever the gain or any of the readout timing registers is changed (shutter width,
verticat blanking, number of rows or columns, or the shutter delay) or if the black level
recalculation bit, reset bit or restart bit is set, the running digitally filtered average is
reset to the first average of the dark pixels. The digital filtering over many framesis then
restarted. Whenever the gain or the readout timing registers are changed, the upper
threshold is restored to its default value.

After changes to the sensor configuration, large shifts in the black level calibration can
result. To quickly adapt to this shift, a rapid sweep of the black level during the dark-row
readout is performed on the first frame after certain changes to the sensor registers. Any
changes to the registers listed above will cause this recalculation. The data from this
sweep allows the sensor to choose an accurate new starting point for the running
average. This procedure can be disabled as described under Reg0Ox5F.

FDF: 0900 5w CEASE Source; 0900%aeTS0n Je011 Miron Technology, Inc, reserves the right 1o change productl or speciiictions without notics.
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Programmable Analog Offset Stage

The programmable analog offset stage corrects for analog offset that might be present in
the analog signal. The user would need to program register Ox62 appropriately to enable
the analog offset correction.

The lower eight bits (bit{7:0]) determines the absolute value of the analog offset to be
corrected and bit{8] determines the sign of the correction. When bit{8] is “1", the sign of
the correction is negative and vice versa. The analog value of the correction relative to
the analog gain stage can be determined from the following formula:

Analog offset (bit[8] = 0) = bit{7:0] x 2mV
Analog offset (bit[8] = 1) = - (bit[7:0] x2mV)

Column and Row Mirror image

By setting bit 14 of Reg0x20, the readout order of the columns will be reversed, as shown
in Figure 11.

Figure 11: Readout of Six Columns in Normal and Column Mirror Output Mode

LINE_VALID ——J L—_—_

Normal readout

Colt Col2 Col3 Cold Cols

Douts-Doutd ><g gx oy A 5.0 A 50y X 3:0) A @0
Reversereadowt ST TTTTooTmmTmTmTTT

Cols Cola Col3 Coll Colo

Dours-Doutd @:0) A @3:0) A (3:0) X; gx :00 A\ (5:0)

By setting bits 15 of Reg0x20 the readout order of the rows will be reversed, as shown in
Figure 12,

Figure 12: Readout of Six Rows in Normal and Row Mirror Output Mode

FRAME_VALID

Normal readout

Row0™/Row1\/Row2 \/Row3 '\ /Rowd "/ Rows
Douts-Dourd (5:0) A (9:0) A_9:0) ts:o)X{s:o) (9:0)

Aeverse readout

RowS\/Rowd \/Rowl\/Row2 \/Row1t\/Rowl
Dours-Doutd ><(9:0) ©:0) A 9:0) A (9:0) A (9:0) A (9:0)

Column and Row Skip

By setting bit 3 of Reg0x20, only half of the columns set will be read out. An example is
shown in Figure 13. Only columns with bit 1 equal to “0” will be read out (xoccooo0x).
The row skip works in the same way and will only read out rows with bit 1 equal to “0.”
Row skip mode is enabled by setting bit 4 of Reg0x20. For both row and coiumn skips, the
number of rows or columns read out will be half of what is set in Reg0x03 or Reg0x04,
respectively.
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Two-wire Serial Bus Timing

The two-wire serial bus operation requires certain minimum master clock cycles
between transitions. These are specified in the following diagrams in master clock
cycles.

Figure 18: Serial Host interface Start Condition Timing

Figure 19: Serial Host interface Stop Condition Timing
I}

Note:  All timing are in units of master clock cycle.

Figure 20: Serial Host interface Data Timing for Write

4 4

|t |

Yy
SOK 1N ; )L
‘ |
SDATA ; X

Note:  SDATA is driven by an off-chip transmitter.

Figure 21: Serlal Host Interface Data Timing for Read

| et |

! b

SCLK h
L
= i
SDATA ' IX
i |
Note:  SDaTa is pulled LOW by the sensor, or allowed to be pulled HIGH by a puli-up resistor off-
chip.
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Figure 22: Acknowledge Signal Timing After an 8-Bit Write to the Sensor
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Figure 23: Acknowledge Signal Timing After an 8-Bit Read from the Sensor
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SCLK [\ B *__J_ I
1 1 1 |
; : Sensar tri-states SDATA pin : :

SDATA ?\ ({turns off pull down) i ¢

T 7 T

| | i |
Note:  After a read, the master receiver must pull down SbaTa to acknowledge receipt of data
bits. When read sequence is complete, the master must generate a no acknowledge by
leaving 5DATA to float HIGH. On the following cycle, a start or stop bit may be used.
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Quantum Efficiency
Figure 24: Quantum Efficiency—Monochrome
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Figure 25: Image Center Offset
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Tablie 19: Optical Aven Dimensiong

. Optieal fre Pixal | KDimension v

SXGA Center of pixel (20, 12) 3,340.70um 3,372 450m
Center of Puel {1299, 1035) %395 2m -1,952 .35y

Chip Size, mm {including Seat Ring) 7 Hsmm 2.7 5mm

Motes: 1. X and ¥ coordinates referenced to center of die.
2. Die center = package center.
3. Image center offset from package certer (x = 0.015mm, v = 0.7 1Zmnt}

Figure 26: Optical Orientation
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Figure 27: 48-pin CLCC Package Outline Drawing
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