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Features

DiglitaICIarityTM CMOS magng Technology
SystemOn-a-Chp (SOC)y—Ompleely integated
camerasystem

Ultra-low power, low cost,progressive scan CKaS
image sesor

Superior low-lightperformarce

On-chip imag flow proces®r (IFP) peforms
sophisticded processing:

Color recaovery and carection, sharpening, gamma,

lens shadig coreection, andon-the-fly defea cor-
rection

Fltered imagedownscaling to arbitrarsiz with
smooth, continuousopmand pan

Automatic leatures:

Auto exposug, auto white baince (AWB), auto
black eference (ABR), autoflicker awidance auto
color saturatiol, ard autodefectidentification and
corredion

Fully autanatic Xenorand LED-tyge flashsupport,
fast exposwadaptation

Multiple paameter conexts easyfast mode
switching

Camean controlsequencer automates:
Sapshotssapshotawith flash, andrideoclips
Smple two-wire serial progmamminginterface
ITU-RBT.656(YCbCr), 565RGB, 555:GB, or 44RGB
formats (pogressivescan)

Raw and processdshyer formats

Applications

Cellular phones

PDAs

Toys

Cther battey-poweredproducts

Table 1:

Key Performance Parameters

PARAMETER

TYPICAL VALUE

Optical Format

1/6-inch (4:3)

Active Imager Size

2.30mm(H) x 1.73mm(V)
2.88mm Diagonal

Active Pixels

640H x 480V

Pixel Size

3.6pum x 3.6pum

Color Filter Array

RGB Bayer Pattern

Shutter Type

Electronic Rolling
Shutter (ERS)

Maximum Data Rate/
Master Clock

12 MPS-13.5 MPSY/
24 MHz-27 MHz

Frame Rate (VGA 640H x 480V)

30 fps at 27 MHz

ADC Resolution

10-bit, on-chip

Responsivity 1.0 V/lux-sec (550nm)
Dynamic Range 71dB
SNRvax 44dB
Supply Voltage | I/O Digital 1.7vV-3.6V
Core Digital |1.7V-1.9V or 2.5V-3.1V
(1.8V or 2.8V nominal)
Analog 2.5V-3.1V
(2.8V nominal)

Power Consumption

76mW at 1.8V, 15fps

Operating Temperature

-30°Cto +70°C

Packaging

36-Ball ICSP wafer or die
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General Description

The Mcron® Imaging MIov112 isa VGA-format,
single-chip camera CMOS adive-pixel digital image
sensarThis device combinebé MT9V012image sen-
sar core with fourth-generation digital imageflow pro-
cessor technology from iRfon magirg. It captues
high-quality color imagesatVVGA resolution.

The VGA CMOS imag sasor featues DigitalClar-
ity—Miicrons breakthrough low-noise CMOS inragng
tedhnology thatachieves CCD image quaity (basedon
signal-to-noise atio and low-light sendtivity) while
maintaining the inkerent size cog, and integration
advantages 6CMOS.

The ®nsoris a compldée camera-on-a-chipsolu-
tion designedspedfi cally to meet thelow-power, low-
cost demands of battery-powered produds sud as
cellular phones PDAs, and tgs It incorpolates
sophisticded camea functions on-chipard is pro-
grammable throughsimpe two-wire seial interface.

The MTOV112 performs sorhisticaked processing
functions including color ecovery, color correction,
sharpening, progammable gammacorrection, ato
black reference clamping, auto exposus;, automéic
50Hz/60Hz flicker avimlancelens $vadng corredion,
auto whie bdance(AWB), and onthe-fly defect iden-
tification and corection. Additional featues include
day/night mode canfigurations, spedal canera effeds
such as sepibne and soldaation;andinterpolation
to arbitiary image sie with continuous filteed zoom
and pan. The device suppoiboth Xenon ah LED-
typeflash light sourcesin several snapshot mass.

The MTOV112 can be nogrammed tooutput po-
gressive-scanimagesup to 30 famespersecond (fps).
The magedata carbe output inany oneof six 8-kt
formats:

¢ |ITU-RBT.656(formerly CCIRB56, progessive

san only) YChCr

« 565_GB

- 555_GB

e 444°GB

* Raw Bayer

e Proces=d Bayer

The FRAME VALID and LUNE VALID signals are
output on dedidad balls dong with apixel clock that
is synchronous witkalid data.

PRELIMINARY

MTOV112
SOC VGA DIGITAL IMAGE SENSOR

Functional Overview

The MT9V112 is a fullyautomaitc, single-chip cam-
era, requiring only a paver supply, lens and clock
souce for basic opeation. Qutput video is sreamed
via a pamrlel 8-bit DouTt port, shavn in FHgurel on
page7. The outpuipixel clock isused tolatch data,
while FRAME VALID and LINE_VALID signals indicate
the activevidea The MT9V112 intenal registers ae
configured udng atwo-wire seial interface.

Thedevice can beput in a bw-power degp modeby
asseting STANDBY andshuting dowvn the clock.Out-
put spnak canbe tri-statal. Both tri-statng output
signals and enyr in standg mode alsocan be
achewedviatwo-wire seral interface egister writes

The MT9V112 accepts inpt clocks up to 2 MHz,
ddivering up to 30 fpdor VGAresolution images

Internal Architecture

Internally, the MT9V112 consistsof a sensor ca
and an image fle processofIFP). The IFP is divided
in two ctions the colorpipe (CP), and the camera
contoller (CC). Thesen®r core captures raw Bayer-
encoded irageghat are theninput in thelFR TheCP
section of the IFP processes the inommsteam to
create interpoleed, color-corected oybut, and tre
CC ==ction contmols the sensor coe to mantain the
desired expoaure and color babnce andto support
shapshot mosk Thesensr core, CRand CC registels
are groupel in three sgparateaddress gpaces, shown
in Hgure2. When acessng internal registers via the
two-wire serial interface, sekct the desired adires
space by progammingthe R240 register.

The MT9V112 acceletes mode-swihing with
hamdware-asssted context switching, and suports
taking snapshotsflash sngpshots and video clips
usng aconfigurable ssquencer.

The MTOV112 supprts a ange of cdor formats
derived from four primary oolor representatbns:
YCbCr, RGB, raw Bayer (unproessed, directly from the
sensor), and processedayBr (Bayer format data
regeerated from piocessel RGB). The dvice abko
supportsavariety of output ginaing/timingoptions
* Sandad FRAME VALID/LINE_VALID video

interface with gated pixallocks
e ITU-RBT.65% markerembedded video intéace

with ether gated oruniform pixd clocking
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Register Notation Example R240—Rge addess register. Used when
The folowing register addess notatbnsare usé in the egister addresssglobal in allthree pags or
this daument: when ly context theaddresspages undersood
¢ R<decimal addrss>:<addrss pge> e Ox<2 dgit hexaddess>
Examplke: R9:0—&utterwidth regsterin sensor Example OxFO—Rge addess register. Used when
page(page 0). Usedto uniqudy specify a regster the egister addresssglobal in allthree pags, or
* R<decimal addrss> when ly context theaddresspages undersood

Hgure 1: Functional Block Diagram

1
! |
SCLK Sensor Core
7 Pixel Data SRAM !
DATA ——+—»] - . 1
|- 640H x 480v Line Buffers "
1 * 1/6-inch optical format |
| * Auto black compensation |
1 * Programmable analog gain |
CLKIN 1 ' ir)og_r%néable exposure 1
* 10-bit 1
STANDBY * H/W context switch to/from preview 1
| . Bayer RGB output Control Bus 1
' (Two-Wire Serial 1
: Control Bus Interface Transactions) |
; (Two-Wire Serial Interface Transactions) :
; + Sensor control (gains, shutter, etc.) |
: ‘ :
1 Image Flow Processor conto Image Flow Processor DOUT [7:0]
I ontrol Bus . :
, Camera Control Colorpipe |
1 (Two-Wire Serial| Lens shading correction |
VDDQ/DGND —~{ Auto exposure Interface Color interpolation 1
\VDD/DGND ——! Auto white balanqe Transactions) | Filtered resize_and zoom [ ::IXCLE VALD
VAA JAGND | Flicker detectlaymd Defect correqtlon [~ FRAME_
Camera control: Color correction — LINE_VALID
VAAPIX 'I Snapshots, flash, video, clip Image Data | Gamma correction !
; ; 1
| Color conversion + formatting STROBE

Figur e 2: Inter nal Registers Gr ouping

Image Flow Processor
Sensor Core Color Pipeline Camera Control
Registers Registers Registers
R[255:0] R[255:0] R[255:0]
Page O Page 1 Page 2

NOTE:
Internal registers are grouped in three address spaces. Program R240 selects the desired address space.
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Typical Connections together next b the die Both power supply ails
Figure3 shows typical MT9V112 dvice connec- shoul bedecoupla to goundusing capadtors The
tions For low-noise opeation, theMT9V112 requires use of inductancefiltersis not recommended.
separate pmer suppies foranalogand digital.lncom- The MTOV112 also suppds different digital core
ing digital and analog groundonductors aabe tied (vbo/DeND) and /O mwer (VDDQ/DGND) power
domansthat can be at diffent voltages

Figur e 3: Typical Conf iguration (conne ction)

VobQ VDD VAA  VAAPIX
Power! Power! Power! Power!

‘E‘;} %: VobQ VDD VaAa  VAAPIX

23

-"add Dout(7:0)

To CMOS
SADDR PIXCLK [—» p Camera
STANDBY from LINE_VALID |—] Port
Controller STANDBY FRAME_VALID |—
or Digital GND
Master Clock CLKIN
Wi To Xenon
_ Two-Wire DATA STROBE |—— or LED
Serial Interface SCLK .
Flash Driver
S0 | TESTEveLE
—9 RESET#
DGNDQ DGND  AGND
10pF
L I
DGND  AGND
VDDQ VDD VAAPIX VAA
0.1pF —=— 1uyF —=— O.JIpF =— 1yF —— O0.1pF 1yF —— 0.1pF 1pyF —/—
DG-ND DG-ND AGND AGND

NOTE:

1. A 1.5KQ resistor value is recommended, but may be greater for slower two-wire speed.

2. MT9V112 STANDBY can be connected to customer’s ASIC controller directly or to Digital GND, depending on the con-
troller’s capability.
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Figur e 4:

36-Ball ICSP Assignment

2 3 4 5 6

TN TN TN TN TN

A

/ A\ \ \ oy \
A \ VDD | (Dout3) (Dout5) \ Dout7) \ CLKIN1 VDD |
B ( DOUTO\A { DGND\A { DOUT4\A ( DOUTG\A ( VDDQ\A ( I\_/I,'A\‘LIIED\‘
C ( DOUTl\A ( DOUTZ\A ( DGND\; { DGND\, ‘/F\F},QLI\IADE\‘ { VDD\A
> (8% ) (e post (L)
//ﬁ\\ //—\\ //—\\ //—\\ //—\\ //—\\
E \ SADDR | | VDDQ | |STROBE \RESET# | DGND | { AGND |
F | Vo ) (PIXCLKI | SOK I | ST@D\; {oam 1 {aaPIX
Top View
(Ball Down)
Table 2: Ball Descr iption
BALL
ASSIGNMENT NAME TYPE DESCRIPTION
A5 CLKIN Input Master clock in sensor.
E4 RESET# Input Active LOW: asynchronous reset.
El SADDR Input Two-Wire Serial Interface Device ID selection 1:0xBA, 0:0x90.
D5 TEST_ENABLE Input Tie to DGND for normal operation. (Manufacturing use only.)
F3 SCLK Input Two-Wire Serial Interface Clock.
F4 STANDBY Input Multifunctional signal to control device addressing, power-down, and
state functions (covering output enable function).
F5 DATA Output Two-Wire Serial Interface Data I/O.
B1,C1, C2, A2, Dout(7:0) Output Pixel Data Output bit 0, DouT(7) (most significant bit (MSB)), DouT(0)
B3, A3, B4, A4 (least significant bit (LSB)).
D1 Dout_LSBO Output Sensor bypass mode output 0—typically left unconnected for normal SOC
operation.
D2 Dout_LSB1 Output Sensor bypass mode output 1—typically left unconnected for normal SOC
operation.
C5 FRAME_VALID Output Active HIGH: FRAME_VALID; indicates active frame.
B6 LINE_VALID Output Active HIGH: LINE_VALID, DATA_VALID; indicates active pixel.
F2 PIXCLK Output Pixel clock output.
E3 STROBE Output Active HIGH: strobe (Xenon) or turn on (LED) flash.
E6 AGND Supply Analog ground.
B2, C3, C4, D3, DcND Supply Core digital ground.
D4, E5
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MT9V112_2.fm- Rev. A 1/05 EN

Downloaded from Elcodis.com electronic components distributor

Micron Technology, Inc., reserves the right to change products or specifications without notice.
9 ©2004 Micron Technology, Inc. All rights reserved.


http://elcodis.com/parts/6163914/mt9v112.html

PRELIMINARY

A MTOV112
(I(V}ICI‘OI'I SOC VGA DIGITAL IMAGE SENSOR

Table 2: Ball Description  (continued)

ASSIBGAI\%I\L/IENT NAME TYPE DESCRIPTION
D6 VAA pply Analog power: 2.5V-3.1V (2.8V nominal).
F6 VAAPIX pply Pixel array analog power supply: 2.5V-3.1V (2.8V nominal).
Al, A6, C6,F1 VDD pply Core digital power: 1.7V-1.9V or 2.5V-3.1V (1.8V or 2.8V nominal).
B5, E2 VDDQ pply I/O digital power: 1.7V-3.6V.
NOTE:

All inputs and outputs are implemented with bidirectional buffers. Care must be taken that all inputs are driven and all
outputs are driven if tri-stated.
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Architectur e Overview

The MT9V112 corsists of a sensor ore, the cdor
processing pipeli anda measwement ad contol
logic block (the camea contioller). Below is a brief
overview of thearchitectue.

Sensor Core

The sensor ceris talen from the MT9V012 stind-
alore sensoand includes aumber offeatures pedf-
ically targetingthe mobie maiket. Of prmary interest
is supmrt for preview/viewfinding with hamdware-
acceleated swithing tofull resdution for snapshat
This switch an be acievad without adversdy affect-
ing expasure or color balance. This enabes takngsin-
gleframe and Xenon flash apshotavhile minimizing
smapdiotlag. LED srapsotsare dsaussed bdow; they
also kenefit significartly from this feaure.

Lens Shading Correction and Black
Level Conditioning

The steam ofraw data from thesensorenters the
pipeline and undergoes s&eral transformatons
Image steam processing starwith coritioning the
black level andpplyinga digitalgan.

The kens shadhg Hock compensate$or gatialy
varying spnal losscaused by thelens The Hock ispro-
grammabke and inplements sepaate correction func-
tionsfor RG,and Bindependety.

Defect Correction

Following lens corection, the data sam is ara-
lyzedfor the presence of defeds. A two-dimensonal
digital filter calaulatessuitable replacement \alues
Edge ®nsitivity minimizesfalse detedions hdping to
preserveimagesharpress.

Interpolation, Aperture, and Color
Correction

The Bayer pixel patem datais interpolaed to
recover missing cobr components for each pixel-
lowing defect caredion. Gnfigurable apeture cor-
rection sharpenghe imageand toawid amplifying
noise, can ke programmed to belessagyressve in low
light conditions

The esuting interpolatedRGB data pases through
the curent colo correcion matrix (CCM), gamma,
and cobr saturation corections

The QM can bemanudly loaded or dynamnicaly
configured by the aub white kbalance (AWB) unit. The
gamma coredion unt is fully user-programmneble,

and olor satuetion adjusments can b madeboth Ly
theuser andthe awio exposue unit (for dynamicsatu-
ration redudion in high or low lighting situations).

Resize

The IFPcan Eesize to virtually any outputesolution
throudh digitally filtered sub-sampling. Output resolu-
tions include but ae ot limited tq VGA, QVGA, CIF
and QCIFWhenthe outputresdution is snaller than
the sasorgeneratad image smooth, cotinuous
zoom and pan lm®me awailable. The use simply
definesthe D20m windav, pan offset,andoutput eso-
lution, and the esizer calculates albther parameters
for the esize function.

Camera Control

The canera controller continuously aacunulates
image bightnes and colorstatigics. Two units use
these masuenmerns to adjust the sensand color-
pipe ttings The auto exposeawunit adusts @in and
shutterwidth to nmaintain a wser-defined luma target.
The image measirement egion can bemodfied to
permt, for exampd, badk light comperaion. The
user can al®o control the gpeal andsenstivity of the
algoiithm from hghly responsie (for LED flash aml
viewfindng) to @mewhat damper@ (for video).
Finally, the unt can deect 50Hz or 60Hz rolling flicker
bars (due to ahbientillumination) andadjusts expm-
sule appopriately to elimirate this aderse effe¢ on
image quaty.

The AWB module adjsts gains and the CCM to
conpensatefor the effects ofchangingceneillumina-
tion on thequalty of the @lor rendition. The usrhas
control over the region of he eneto be anayzed as
well as the esponsivity of the algothm to illuminant
changes

Camera Interface and Test Patterns

The MT9V112 outputs mcess video as a standdr
ITU-R BT.656 steam, an B steam, or as processed
or unpocessed Byer data.The ITU-R BT.655 steam
contains YCbCr 42:2 datawith optonal embedded
synchronizaton codes. This output is typicaly suit-
able for slbsaquent display ly standad (progressive
s@n) video equpment, or JEG/MPEG compesson.
RGB functiondity provides supprt for LCD devices

The MT9V112 can beconfiguled to output 1@it
RGB (RGB56b), 15-bit RGB (RGB555) andtwo typesof
12-bit RGB (RGB444). The user can configeirintrnal
registersto swap od and even bytes, chrominance
channels and luminance andchrominance compo-
nents to easaterfacing to application processors
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To assst in integation ard systemdebug, avariety
of testpattems are provided, from sinple ramps to
colorbars

Contexts, Snapshots, and Flash

For anumber of paametes, registersare provided
for stoing two “context8: cortex A and context B
Thesecontexts enablthe ugr to setup theamea for
a nunber of different modes, then switch between
modes with a shde register WRITE to theglobal con-
text controlregister (QCCR). A typical exanple is b use
context Afor viewfinder/peview settingsand context
B for snapshot$unctionssuppoting context svitch-
ing include:

PRELIMINARY

MTOV112
SOC VGA DIGITAL IMAGE SENSOR

e Theresizer (outpit resolutions forpreviewand
snapshot)
e Camera intdiace(e.qg.,RGB565for LCD preview and

YChCr for snapshots)

To faciitate taking snapshots and flashapdots
the IFP ncludesa amema contiol sequence that auto-
matesthe processof steppng thiough a numeber of
preset configurable programs. In addition to basic
snapshotsthee ae progams for both Xenon ah
LED asssted snapshotsA flash-triggeing controller
provides an apropriate timing strobe for synchroniz-
ing the onset offlash illumination with the rolling
shutter
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Output Data Ordering

Table 3: Data Ordering in YCbCr Mode
MODE BYTE
Default Chi Yi Qi Yi+1
Swap CrCb Cri Yi Chi Yi+1
SwapYC Yi oi Yi+1 Qi
Swap CrCh, SwapYC Yi Cri Yi+1 (0]
Table 4: Output Data Or dering in Pr ocessed Bayer Mode
MODE LINE BYTE
Default First Gi R+1 Gi+2 Ri+3
Second Bi Gi+1 Bi+2 Gi+3
Flip Bayer Col First Ri Gi+1 Ri+2 Gi+3
Second Gi Bi+1 Gi+2 Bi+3
Flip Bayer Row First Bi Gi+1 Bi+2 Gi+3
Second Gi R+1 Gi+2 Ri+3
Flip Bayer Caol, First Gi Bi+1 Gi+2 Bi+3
Flip Bayer Row Second Ri Gi+1 Ri+2 Gi+3
Table 5: Output Data Or dering in RGB Mode
MODE
(SWAP DISABLED) BYTE D7 D6 D5 D4 D3 D2 D1 DO
RGB565 First R7 R6 R5 R4 R3 G7 G6 G5
Second G4 G3 G2 B7 B6 B5 B4 B3
RGB555 Frst 0 R7 R6 R5 R4 R3 G7 G6
Second G5 G4 G3 B7 B6 B5 B4 B3
RGB444x First R7 R6 R5 R4 G7 G6 G5 G4
Second B7 B6 B5 B4 0 0 0 0
RGBx444 Frst 0 0 0 0 R7 R6 R5 R4
Second G7 G6 G5 G4 B7 B6 B5 B4
Table 6: Output Data Or dering in (8 + 2) Bypass Mode
MODE BYTE D7 D6 D5 D4 D3 D2 D1 DO
8 + 2 bypass Frst B9 B8 B7 B6 B5 B4 B3 B2
Second 0 0 0 0 0 0 Bl BO
09005aef8154a39d/09005aef8175e6cc Micron Technology, Inc., reserves the right to change products or specifications without notice.
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Image Flow Pr ocessor Registers

Table 7: Colorpipe Registers — Addr ess Page 1

REGISTER DEFAULTVALUE
#DEC (HEX) REGISTER NAME DATA FORMAT DEC (HEX) MODULE
5 (05) Aperture Correction 0000 0000 0000 dddd 3(0003)| Interp
6 (06) Operating Mode Control dddd dddd 0ddd dddd 28686 (700E) Cfg
8 (08) Output Format Control 0000 0ddd dddd dddd 128 (0080) Cfg
37 (25) Color Saturation Control 0000 0000 00dd dddd 5(0005) | rgb2yuv
52 (34) Luma Offset dddd dddd dddd dddd 16 (0010) | Camint
53 (35) Luma Clip dddd dddd dddd dddd 61456 (FO10)| Camint
58 (3A) Output Format Control 2A 0ddd dddd dddd dddd 512 (0200) | Camint
59 (3B) Lens Correction Parameter 1 — 1066 (042A) | LensCorr
60 (3C) Lens Correction Parameter 2 — 1024 (0400) | LensCorr
71 (47) Reserved — 24 (0018) —
72 (48) Test Pattern Generator Control 0000 0000 do0o 0ddd 0 (0000)| Hfolnt
83 (53) Gamma Correction Parameter 1 — 7700 (1E14) | GmaCorr
84 (54) Gamma Correction Parameter 2 — 17966 (462E) | GmaCorr
85 (55) Gamma Correction Parameter 3 — 34666 (876A) | GmaCorr
86 (56) Gamma Correction Parameter 4 — 47008 (B7AQ) | GmaCorr
87 (57) Gamma Correction Parameter 5 — 57548 (EOCC)| GmaCorr
88 (58) Gamma Correction Parameter 6 — 0 (0000) | GmaCorr
104 (68) Reserved — 17 (0011) —
128 (80) Lens Correction Parameter 3 — 3 (0003) | LensCorr
129 (81) Lens Correction Parameter 4 — 0 (0000) | LensCorr
130 (82) Lens Correction Parameter 5 — 0 (0000) | LensCorr
131 (83) Lens Correction Parameter 6 — 0 (0000) | LensCorr
132 (84) Lens Correction Parameter 7 — 0 (0000) | LensCorr
133 (85) Lens Correction Parameter 8 — 0 (0000) | LensCorr
134 (86) Lens Correction Parameter 9 — 0 (0000) | LensCorr
135 (87) Lens Correction Parameter 10 — 0 (0000) | LensCorr
136 (88) Lens Correction Parameter 11 — 0 (0000) | LensCorr
137 (89) Lens Correction Parameter 12 — 0 (0000) | LensCorr
138 (8A) Lens Correction Parameter 13 — 0 (0000) | LensCorr
139 (8B) Lens Correction Parameter 14 — 0 (0000) | LensCorr
140 (8C) Lens Correction Parameter 15 — 0 (0000) | LensCorr
141 (8D) Lens Correction Parameter 16 — 0 (0000) | LensCorr
09005aef8154a39d/09005aef8175e6cc Micron Technology, Inc., reserves the right to change products or specifications without notice.
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Table 7: Colorpipe Registers — Addr ess Page 1 (continued)
REGISTER DEFAULTVALUE

#DEC (HEX) REGISTER NAME DATA FORMAT DEC (HEX) MODULE
142 (8E) Lens Correction Parameter 17 — 0 (0000) | LensCorr
143 (8F) Lens Correction Parameter 18 — 0 (0000) | LensCorr
144 (90) Lens Correction Parameter 19 — 0 (0000) | LensCorr
145 (91) Lens Correction Parameter 20 — 0 (0000) | LensCorr
146 (92) Lens Correction Parameter 21 — 0 (0000) | LensCorr
147 (93) Lens Correction Parameter 22 — 0 (0000) | LensCorr
148 (94) Lens Correction Parameter 23 — 0 (0000) | LensCorr
149 (95) Lens Correction Parameter 24 — 0 (0000) | LensCorr
153 (99) Line Counter PNV N/A| Camint
154 (9A) Frame Counter PNV N/A| Camint
155 (9B) Output Format Control 2—Context B 0ddd dddd dddd dddd 512 (0200) | Camint
157 (9D) Reserved — 9390 (24AE) —
159 (9F) Reserved—obsolete — 0 (0000) -
160 (AO) Reserved—obsolete — 640 (0280) —
161 (A1) Reducer Horizontal Size Resize—Context B 0000 0ddd dddd dddd 480 (01E0) | Interp
162 (A2) Reserved—obsolete — 0 (0000) -
163 (A3) Reserved—obsolete — 480 (01E0) -
164 (A4) Reducer Vertical Size Resize—Context B 0000 0ddd dddd dddd 480 (01EOQ) | Interp
165 (A5) Reducer Horizontal Pan Resize 0d00 0ddd dddd dddd 0 (0000) | Interp
166 (A6) Reducer Horizontal Zoom Resize 0000 0ddd dddd dddd 640 (0280) | Interp
167 (A7) Reducer Horizontal Size Resize—Context A 0000 0ddd dddd dddd 320 (0140)| Interp
168 (A8) Reducer Vertical Pan Resize 0d00 0ddd dddd dddd 0 (0000) | Interp
169 (A9) Reducer Vertical Zoom Resize 0000 O0ddd dddd dddd 480 (01E0) | Interp
170 (AA) Reducer Vertical Size Resize—Context A 0000 0ddd dddd dddd 240 (O0F0) | Interp
171 (AB) Reducer Current Zoom Horizontal 0000 Q??? 2?2?22 7?7?77 640 (0280) | Interp
172 (AC) Reducer Current Zoom Vertical 0000 Q??? 2?27?2772 480 (01E0) | Interp
174 (AE) Reducer Zoom Step Size dddd dddd dddd dddd 3081 (0C09)| Interp
175 (AF) Reducer Zoom Control 0000 00dd 0ddd dddd 0 (0000) | Interp
180 (B4) Reserved — 32 (0020) —
182 (B6) Lens Correction Parameter 25 — 0 (0000) | LensCorr
183 (B7) Lens Correction Parameter 26 — 0 (0000) | LensCaorr
184 (B8) Lens Correction Parameter 27 — 0 (0000) | LensCorr
185 (B9) Lens Correction Parameter 28 — 0 (0000) | LensCorr
186 (BA) Lens Correction Parameter 29 — 0 (0000) | LensCorr
187 (BB) Lens Correction Parameter 30 — 0 (0000) | LensCorr
188 (BC) Lens Correction Parameter 31 — 0 (0000) | LensCaorr
189 (BD) Lens Correction Parameter 32 — 0 (0000) | LensCaorr
190 (BE) Lens Correction Parameter 33 — 0 (0000) | LensCorr
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Table 7: Colorpipe Registers — Addr ess Page 1 (continued)
REGISTER DEFAULTVALUE

#DEC (HEX) REGISTER NAME DATA FORMAT DEC (HEX) MODULE
191 (BF) Lens Correction Parameter 34 — 0 (0000) | LensCorr
192 (C0) Lens Correction Parameter 35 — 0 (0000) | LensCorr
193 (C1) Lens Correction Parameter 36 — 0 (0000) | LensCorr
194 (C2) Lens Correction Parameter 37 — 0 (0000) | LensCorr
195 (C3) Lens Correction Parameter 38 — 0 (0000) | LensCaorr
196 (C4) Lens Correction Parameter 39 — 0 (0000) | LensCorr

200 (C8) Global Context Control dddd dddd dddd dddd 0 (0000) | OntxCitl

201 (C9) Reserved dddd dddd dddd dddd 0 (0000) | MBist/
samobs

202 (CA) Reserved — N/A| MBist/
samobs

203 (CB) Reserved — N/A| MBist/
samobs

204 (CC) Reserved — N/A| MBist/
samobs

205 (CD) Reserved — N/A| MBist/
samobs

206 (CE) Reserved — N/A| MBist/
samobs

207 (C) Reserved — N/A| MBist/
samobs

208 (D0) Reserved — N/A| MBist/
samobs
220 (DC) Gamma Correction Parameter 7 — 7700 (1E14) | GmaCorr
221 (DD) Gamma Correction Parameter 8 — 17966 (462E) | GmaCorr
222 (DE) Gamma Correction Parameter 9 — 34666 (876A) | GmaCorr
223 (DF) Gamma Correction Parameter 10 — 47008 (B7A0) | GmaCorr
224 (EO) Gamma Correction Parameter 11 — 57548 (EOCC) | GmaCorr
225 (E1) Gamma Correction Parameter 12 — 0 (0000) | GmaCorr
226 (E2) Effects Mode dddd dddd 0000 0ddd 28672 (7000) | GmaCorr
227 (E3) Effects Sepia dddd dddd dddd dddd 45091 (B023) | GmaCorr
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Table 8:  Camera Contr ol Registers — Addr ess Page 2
REGISTER DEFAULT
#DEC VALUEDEC
(HEX) REGISTER NAME DATA FORMAT (HEX) MODULE
2(02) Color Correction Parameter 1 — 174 (O0AE) | ColorCorr
3(03) Color Correction Parameter 2 — 10531 (2923) | ColorCorr
4 (04) Color Correction Parameter 3 — 1188 (04A4) | ColorCorr
9 (09) Color Correction Parameter 4 — 182 (00B6) | ColorCorr
10 (0A) Color Correction Parameter 5 — 208 (00DO) | ColorCorr
11 (0OB) Color Correction Parameter 6 — 144 (0090) | ColorCorr
12 (0C) Color Correction Parameter 7 — 217 (00D9) | ColorCorr
13 (OD) Color Correction Parameter 8 — 150 (0096) | ColorCorr
14 (OE) Color Correction Parameter 9 — 54 (0036) | ColorCorr
15 (OF) Color Correction Parameter 10 — 77 (0073) | ColorCorr
16 (10) Color Correction Parameter 11 — 93 (005D) | ColorCorr
17 (11) Color Correction Parameter 12 — 201 (00C9) | ColorCorr
18 (12) Color Correction Parameter 13 — N/A | ColorCorr
19 (13) Color Correction Parameter 14 — N/A | ColorCorr
20 (14) Color Correction Parameter 15 — N/A | ColorCorr
21 (15) Color Correction Parameter 16 — 73 (0049) | ColorCorr
22 (16) Color Correction Parameter 17 — 23 (0017) | ColorCorr
23 (17) Color Correction Parameter 18 — 1 (0011) | ColorCorr
24 (18) Color Correction Parameter 19 — 46 (002E) | ColorCorr
25 (19) Color Correction Parameter 20 — 52 (0034) | ColorCorr
26 (1A) Color Correction Parameter 21 — 3 (0003) | ColorCorr
27 (1B) Color Correction Parameter 22 — 62 (003E) | ColorCorr
28 (1C) Color Correction Parameter 23 — 77 (004D) | ColorCorr
29 (1D) Color Correction Parameter 24 — 90 (005A) | ColorCorr
30 (1B AWB Parameter 1 — 108 (006C)| AWB
31 (1F) AWB Parameter 2 — 160 (00A0)| AWB
32 (20) AWB Parameter 3 — 51220 (C814)| AWB
33(21) AWB Parameter 4 — 32896 (8080) | AWB
34 (22) AWB Parameter 5 — 55648 AWB
(D960)
35 (23) AWB Parameter 6 — 55648 AWB
(D960)
36 (24) AWB Parameter 7 — 32512 (7FO0)| AWB
38 (26) Auto Exposure Horizontal Window Boundaries dddd dddd dddd dddd | 32768 (8000) AE
39 (27) Auto Exposure Vertical Window Boundaries dddd dddd dddd dddd | 32776 (8008) AE
40 (28) AWB Parameter 8 — 61218 (EF22)| AWB
41 (29) AWB Parameter 9 — 36211 AwWB
(8D73)
42 (2A) AWB Parameter 10 — 208 (0O0D0O)| AWB
43 (2B) Auto Exposure Horizontal Center Window Boundaries dddd dddd dddd dddd | 24608 (6020) AE
44 (2C) Auto Exposure Vertical Center Window Boundaries dddd dddd dddd dddd | 24608 (6020) AE
45 (2D) AWB Window Boundaries dddd dddd dddd dddd |61600 (FOAO)| AWB
46 (2E) Auto Exposure Target and Precision Control dddd dddd dddd dddd | 3146 (0OC4A) AE
47 (2F) Auto Exposure Speed and Sensitivity Contro—Context A | dddd dddd dddd dddd |57120 (DF20) AE
48 (30) AWB Parameter 11 — N/A| AWB
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Table 8: Camera Contr ol Regist ers — Addr ess Page 2 (continued)
REGISTER DEFAULT
#DEC VALUEDEC
(HEX) REGISTER NAME DATA FORMAT (HEX) MODULE
49 (31) AWB Parameter 12 — N/A| AWB
50 (32) AWB Parameter 13 — N/A| AWB
51 (33) Auto Exposure Parameter 1 — 5230 (146E) AE
54 (36) Auto Exposure Parameter 2 — 30736 (7810) AE
55 (37) Auto Exposure Parameter 3 — 768 (0300) AE
56 (38) Auto Exposure Parameter 4 — 1088 (0440) AE
57 (39) Auto Exposure Parameter 5 — 1702 (0O6A6) AE
58 (3A) Auto Exposure Parameter 6 — 1702 (06A6) AE
59 (3B) Auto Exposure Parameter 7 — 1371 (055B) AE
60 (3C) Auto Exposure Parameter 8 — 1371 (055B) AE
61 (3D) Auto Exposure Parameter 9 — 6105 (17D9) AE
62 (3E) AWB Parameter 14 — 7423 (1CFF)| AwWB
63 (3F) Auto Exposure Parameter 10 — N/A AE
70 (46) Auto Exposure Parameter 11 — 55552(D900) AE
75 (4B) Reserved — 0 (0000) —
76 (4C) Auto Exposure Parameter 12 — N/A AE
77 4D) Auto Exposure Parameter 13 — N/A AE
79 (4F) Reserved — 0 (0000) —
87 (57) Auto Exposure Parameter 14 — 470 (01D6) AE
88 (58) Auto Exposure Parameter 15 — 564 (0234) AE
89 (59) Auto Exposure Parameter 16 — 1970 (01D6) AE
90 (5A) Auto Exposure Parameter 17 — 564 (0234) AE
91 (5B) Flicker Control O 2000 0000 0000 0ddd 2 (0002) FD
92 (5C) Reserved — 4108 (100C) —
93 (5D) Reserved — 5392 (1510) —
94 (5E) Color Correction Parameter 2 — 26952 (6948) | ColorCorr
95 (5F) Color Correction Parameter 26 — 14632 (3928) | ColorCorr
96 (60) Color Correction Parameter 27 — 2 (0002) | ColorCorr
97 (61) Reserved — 32896 (8080) —
98 (62) Auto Exposure Digital Gains Monitor MRV 4112 (1010) AE
99 (63) Reserved — N/A —
100 (64) Reserved — 23036(59FC) —
101 (65) Auto Exposure Parameter 18 — 0 (000) AE
103 (67) Auto Exposure Digital Gain Limits dddd dddd dddd dddd | 16400 (4010) AE
104 (68) Reserved — 17 (0011) —
106 (6A) Reserved — N/A —
107 (6B) Reserved — N/A —
108 (6C) Reserved — N/A —
109 (6D) Reserved — N/A —
110 (6E) Reserved — N/A —
111 (6F) Reserved — N/A —
112 (70) Reserved — N/A —
113 (71) Reserved — N/A —
114 (72) Reserved — N/A —
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Table 8: Camera Contr ol Regist ers — Addr ess Page 2 (continued)
REGISTER DEFAULT
#DEC VALUEDEC
(HEX) REGISTER NAME DATA FORMAT (HEX) MODULE
115 (73) Reserved — N/A —
116 (74) Reserved — N/A —
117 (75) Reserved — N/A —
118 (76) Reserved — N/A —
119 (77) Reserved — N/A —
120 (78) Reserved — N/A —
121 (79) Reserved — N/A —
122 (7A) Reserved — N/A —
123 (7B) Reserved — N/A —
124 (7C) Reserved — N/A —
125 (7D) Reserved — N/A —
130 (82) Auto Exposure Parameter 19 — 1020 (03FC) AE
131 (83) Auto Exposure Parameter 20 — 769 (0301) AE
132 (84) Auto Exposure Parameter 21 — 193 (00C1) AE
133 (85) Auto Exposure Parameter 22 — 929 (03A1) AE
134 (86) Auto Exposure Parameter 23 — 980 (03D4) AE
135 (87) Auto Exposure Parameter 24 — 983 (03D7) AE
136 (88) Auto Exposure Parameter 25 — 921 (0399) AE
137 (89) Auto Exposure Parameter 26 — 1016 (O3F8) AE
138 (8A) Auto Exposure Parameter 27 — 28 (001C) AE
139 (8B) Auto Exposure Parameter 28 — 957 (03BD) AE
140 (8C) Auto Exposure Parameter 29 — 987 (03DB) AE
141 (8D) Auto Exposure Parameter 30 — 957 (03BD) AE
142 (8E) Auto Exposure Parameter 31 — 1020 (03FC) AE
143 (8F) Auto Exposure Parameter 32 — 990 (03DE) AE
144 (90) Auto Exposure Parameter 33 — 990 (03DE) AE
145 (91) Auto Exposure Parameter 34 — 990 (03DE) AE
146 (92) Auto Exposure Parameter 35 — 990 (03DE) AE
147 (93) Auto Exposure Parameter 36 — 31 (001F) AE
148 (94) Auto Exposure Parameter 37 — 65 (0041) AE
149 (95) Auto Exposure Parameter 38 — 867 (0363) AE
150 (96) Reserved — 0 (0000) —
151 (97) Reserved — N/A —
152 (98) Reserved — 255 (00FF) —
153 (99) Reserved — 1 (0001) —
156 (9C) Auto Exposure Speed and Sensitivity—Context B dddd dddd dddd dddd |57120 (DF20) AE
180 (B4) Reserved — 32 (0020) —
181 (B5) Reserved — N/A —
198 (C6) Reserved — 0 (0000) —
199 (C7) Reserved — N/A —
200 (C8) Global Context Control dddd dddd dddd dddd 0 (0000) | OntxCtl
201 (C9) Context Control Parameter 2 — N/A| OntxCtl
202 (CA) Camera Control Sequencer Parameter — N/A| CntxCil
203 (CB) Camera Control Sequencer Parameter 2 — 0 (0000)| OntxcCitl
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REGISTER DEFAULT

#DEC VALUEDEC

(HEX) REGISTER NAME DATA FORMAT (HEX) MODULE
204 (CC) Camera Control Sequencer Parameter 3 — 0 (0000) | OntxcCitl
205 (CD) Camera Control Sequencer Parameter 4 — 2190 (21A0) | CntxCil
206 (CE) Camera Control Sequencer Parameter 5 — 7835 (1E9B)| OntxCltl
207 (CF) Camera Control Sequencer Parameter 6 — 19018(4A4A)| CntxCitl
208 (D0) Camera Control Sequencer Parameter 7 — 5773 (168D) | OntxCltl
209 (D1) Camera Control Sequencer Parameter 8 — 77 (004D) | OntxCtl
210 (D2) Camera Control Sequencer Parameter 9 — 0 (0000) | OntxCitl
211 (D3) Camera Control Sequencer Parameter 10 — 0 (0000) | OntxcCitl
212 (D4) Camera Control Sequencer Parameter 11 — 520 (0208) | OntxCitl
213 (D5) Camera Control Sequencer Parameter 12 — 0 (0000) | OntxCitl
239 (EF) AWB Parameter 15 — 8(0008)| AwB
242 (F2) AWB Parameter 16 — 0 (0000)| AWB
243 (F3) Reserved — 0 (0000) —
245 (F5) Color Correction Parameter 29 — 135 (0040) | ColorCorr
246 (F6) Color Correction Parameter 30 — 127 (007F) | ColorCorr
255 (FF) Color Correction Parameter 39 — 43136(A880) | ColorCorr

NOTE:

Data Format Key:

0 =“Don't Care” bit. The exceptions: R0:0 and R255:0, which are hardwired R/O binary values.

d = RW bit
? =R/O bit.
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Image Flow Pr ocessor Register Description
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register descriptions follow in Table9 and in Table 10 ment (RW).

on page?8.A few registerscreate #ectsaciossa num-

ber of module functions The® include R240 page

Table 9: Colorpipe Register Description

REGISTER#
(HEX) DESCRIPTION
R5:1—0x105 — Apertur e Correction
Default 0x0003
Description | Aperture correction scale factor used for sharpening.
Bit 3 Enables automatic sharpness reduction control (see R51:2 0x233).
Bits 2:0 Sharpening factor:

“000” —No sharpening.
“001" —25% sharpening.
“010”" —50% sharpening.
“011"—75% sharpening.
“100” —100% sharpening.
“101”" —125% sharpening.
“110”"—150% sharpening.
“111"—200% sharpening.

R6:1—0x106 — Operati ng Mode Contr ol (R/W)

Default 0x700E
Description | This register specifies the operating mode of the IFR.
Bit 15 Enables manual white balance. User can set the base matrix and color channel gains. This bit must be
asserted and de-asserted with a frame in between to force new color correction settings to take effect.
Bit 14 Enables auto exposure.
Bit 13 Enables on-the-fly defect correction.
Bit 12 Reserved—obsolete. The user should write “0” to this bit.
Bit 11 Not used.
Bit 10 Enables lens shading correction.
1: Enables lens shading correction.
Bits9:8 Reserved.
Bit 7 Enables flicker detection.
1: Enables automatic flicker detection.
Bit 6 Reserved for future expansion.
Bit 5 Reserved.
Bit 4 Bypasses color correction matrix.

1: Outputs “raw” color bypassing color correction.

0: Normal color processing.

Bits 3:2 Auto exposure back light compensation control.

“00”"—Auto exposure sampling window is specified by R38:2 and R39:2 (“large window”).

“01"—Auto exposure sampling window is specified by R43:2 and R44:2 (“small window™").

“1X"—Auto exposure sampling window is specified by the weighted sum of the large window and the
small window, with the small window weighted four times more heavily.
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Table 9: Colorpipe Regist er Descri ption ( continued)
Bit 1 Enables auto white balance.
1: Enables auto white balance.
0: Freezes white balance at current values.
Bit O Reserved for future expansion.
R8:1—0X108 — Output Form at Contr ol (R/W)
Default 0x0080
Description | This register specifies the output timing and format in conjunction with R58:1 or R155:1 (depending on the
context).
Bits15:11 Reserved for future expansion.
Bit 10 Gate PIXCLK.
0: PIXCLK not gated.
1: PIXCLK gated with LINE_VALID.
Bit 9 Hip Bayer columns in processed Bayer output mode.
0: Column order isgreen, red and blue, green.
1: Column order isred, green and green, blue.
Bit 8 Hip Bayer row in processed Bayer output mode.
0: First row contains green and red; the second row contains blue and green.
1: First row contains blue and green; the second row containsgreen and red.
Bit 7 Controls the values used for the protection bits in Rec. ITU-R BT.656 codes.
0: Use zeros for the protection bits.
1: Use the correct values.
Bit 5 MultiplexesY (in YCbCr mode) or green (in RGB mode) channel on all channels (monochrome).
1: Forces Y/G onto all channels.
Bit 4 Disables Cb color output channel (Cb = 128) in YCbCr mode and disables the blue color output channel
(B =0) in RGB mode.
1: ForcesCab to 128 or B to O.
Bit 3 Disables Y color output channel (Y = 128) in YCbCr and disables the green color output channel (G=0) in
RGB mode.
1: ForcesY to 128 or G to O.
Bit 2 Disables Cr color output channel (O = 128) in YCbCr mode and disables the red color output channel (R = 0)
in RGB mode.
1: ForcesCr to 128 or Rto O.
Bit 1 Toggles the assumptions about Bayer vertical CFA shift.
0: Row containing red comes first.
1: Row containing blue comes first.
Bit 0 Toggles the assumptions about Bayer horizontal CFA shift.
0: Green comesfirst.
1: Red or blue comesfirst.
R37:1—0x125 — Color Saturation Contr ol (R/W)
Default 0x0005
Description | This register specifies the color saturation control settings.
Bit 5:3 Foecify overall attenuation of the color saturation.
“000” —Full color saturation
“001” —75% of full saturation
“010” —50% of full saturation
“011” —37.5% of full saturation
“100” —25% of full saturation
“101” —150% of full saturation
“110” —Black and white
MTOVILZ 2 - Pev. ALOSEN 22 T O 2004 Micron Teehnaiogy. me. All rghta reservea.

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6163914/mt9v112.html

AAicron

Table 9:

PRELIMINARY
MTOV112

SOC VGA DIGITAL IMAGE SENSOR

Colorpipe Regist er Descri ption ( continued)

Bit 2:0

Foecify color saturation attenuation at high luminance (linearly increasing attenuation from no attenuation
to monochrome at luminance of 224).

“000” —No attenuation.

“001” —Attenuation starts at luminance of 216.

“010” —Attenuation starts at luminance of 208.

“011” —Attenuation starts at luminance of 192.

“100” —Attenuation starts at luminance of 160.

“101” —Attenuation starts at luminance of 96.

R52:1—0x134 — Luma Offset (can be used to contr ol brightness ) (R/W)

Default 0x0010
Description | Offset added to the luminance prior to output.
Bits 15:8 Y Offset in YCbCr mode.
Bits 7:0 Offset in RGB mode.
R53:1—0x135 — Luma Clip (R/W)
Default O0xF010
Description | dipping limits for output luminance.
Bits 15:8 Highest value of output luminance.
Bits 7:0 Lowest value of output luminance.
R58:1—0x13A — Output Format Contr ol 2—Context A (R/W)
Default 0x0200
Description | Output format control 2—context A.
Bit 14 Output processed Bayer data.
Bit 13 Debug flicker luma.
Bit 12 Reserved.
Bit 11 Enables embedding Rec. ITU-R BT.656 synchronization codes in the output data. See R155:1.
Bit 10 Entire image processing is bypassed and raw bayer is output directly.
In YCbCr or RGB mode:
0: Normal operation, sensor core data flows through IFP.
1: Bypass IFP and output Imager data directly (full 10 bits). The image data still passes through the camera
interface FIFO and the 10 bits are formatted to two output bytes through the camera interface; i.e., 8 + 2.
Data rate is effectively the same as default 16-bit /per pixel modes. Auto exposure/AWB, etc., still function
and control the sensor, though they are assuming some gain/correction through the colorpipe. See R155:1.
Bit 9 Inverts output pixel clock. By default, this bit it asserted and data is launched off the falling edge of PIXCLK
for capture by the receiver on the rising edge. See R155:1.
Bit 8 Enables RGB output.
0: Output YCDbCr data.
1: Output RGB format data as defined by R58:1[7:6].
Bits 7:6 RGB output format:
“00”"—16-bit RGB565.
“01"—15-bit RGB555.
“10"—12-bit RGB444x.
“11"—12-bit RGBx444.
Bits 5:4 Test Ramp output:
“00"—Off.
“01"—By column.
“10"—By row.
“11"—By frame.
Bit 3 Outputs RGB or YChCr values are shifted 3 bitsup. Use with R58:1[5:4] to test LCDs with low color depth.
Bit 2 Averages two nearby chrominance bytes. See R155:1.
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Table 9: Colorpipe Regist er Descri ption ( continued)

Bit 1 In YCbCr mode swap C and Y bytes. In RGB mode, swap odd and even bytes. See R155:1.

Bit O In YCbCr mode, swaps Cb and Cr channels. In RGB mode, swaps R and B channels. See R155:1.

R72:1—0x148 - Test Patt ern Generator cont rol (R/W)

Default 0x0000

Description | This register enables test pattern generation at the input of the image processor. Values greater than “0”
turn on the test pattern generator. The brightness of the flat-color areas depends on the value programmed
(from 6-1) in this register. The value 7 produces the color bar pattern. Value 0 selects the sensor image.

Bit 7 Test pattern selection.

Bits 2:0 1: Forces WB digital gains to 1.0.

0: Normal operation.

R153:1—0x199 — Line Counter (R/O)

Default N/A
Description | Use line counter to determine the number of the line currently being output.
Bits 15:0 Line count.
R154:1—0x19A — Frame C ounter (R/O)
Default N/A
Description | Use frame counter to determine the index of the frame currently being output.
Bits 15:0 Frame count.
R155:1—0x19B — Output Form at Contr ol 2—Context B (R/W)
Default 0x0200
Description | Output format control 2—context B.
Bit 14 Output processed Bayer data.
Bit 13 Reserved.
Bit 12 Reserved
Bit 11 Enables embedding Rec. ITU-R BT.656 synchronization codes to the output data. See R58:1.
Bit 10 Entire image processing is bypassed and raw bayer is output directly.
In YCbCr or RGB mode:
0: Normal operation, sensor core data flows through IFP.
1: Bypass IFP and output Imager data directly (full 10 bits). The image data still passes through the camera
interface FIFO and the 10 bits are formatted to two output bytes through the camera interface; i.e., 8 + 2.
Data rate is effectively the same as default 16-bit /per pixel modes. auto exposure/AWB, etc. still function
and control the sensor, though they are assuming some gain/correction through the colorpipe. See R58:1.
Bit 9 Inverts output pixel clock. By default, this bit it asserted and data is launched off the falling edge of PIXCLK
for capture by the receiver on the rising edge. See R58:1.
Bit 8 Enables RGB output.
0: Output YCbCr data.
1: Output RGB format data as defined by R155:1[7:6]. See R58:1.
Bits 7:6 RGB output format:
“00"—16-bit RGB565.
“01"—15-bit RGB555.
“10"—12-bit RGB444x.
“11"—12-bit RGBx444.
Bits 5:4 Test Ramp output:
“00"—Off.
“01”"—By column.
“10"—By row.
“11"—By frame.
Bit 3 Output RGB or YCbCr values are shifted 3 bits up. Use with R58:1[5:4] to test LCDs with low color depth.
Bit 2 Averages two nearby chrominance bytes. See R58:1
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Table 9: Colorpipe Regist er Descri ption ( continued)
Bit 1 In YCbCr mode swap C and Y bytes. In RGB mode, swap odd and even bytes. See R58:1.
Bit O In YCbCr mode, swaps Cb and Cr channels. In RGB mode, swaps R and B channels. See R58:1.

R161:1—0x1A1 — Reducer Horizontal Ou tput Size Resize —Context B (R/W)

R164:1—0x1A4 — Reducer Vertical Ou tput Size Res ize—Context B (R/W)

Default OxOIEO

Description | Controls reducer vertical output size in context B.
(Sensor Window Height 179 > = YZoom Window Height > = Output YSize)

Bits 10:0 Y Size.

R165:1—0x1A5 — Reducer Horizontal Pan R esize (R/W)

Default 0x0000

Description | Controls reducer horizontal pan. Pan and Zoom settings are NOT context switchable. The same field of view
will be active for both context A and context B.

Bit 14 0: MT9V112-compatible offset from X = 0.
1: Centered origin at 320 for more convenient zoom and resize.

Bits10:0 X Pan: Unsigned offset from X = 0 (Bit 14 = 0), or two’s complement from X = 320 (Bit 14 = 1).

R166:1—0x1a6 — Reducer Horizontal Zoom Resize (R/W)

Default 0x0280

Description | Controls reducer horizontal zoom. Pan and Zoom settings are NOT context switchable. The same field of
view will be active for both context A and context B.

Bits 10:0 X Zoom.

R167:1—0x1a7 — Reducer Horizontal Ou tput Siz e Resize—Context A (R/W)

Default 0x0140

Description | Controls reducer horizontal output size in context A.

Bits 10:0 X Size.

R168:1—0x1A8 — Reducer Vertical Pan Resize (R/W)

Default 0x0000

Description | Controls reducer vertical pan. Pan and Zoom settings are NOT context switchable. The same field of view
will be active for both context A and context B.

Bit 14 0: MT9V112-compatible origin at Y = 0.
1: Centered origin at Y = 240 for more convenient zoom and resize.

Bits 10:0 Y Pan: unsigned offset from y = 0 (Bit 14 = 0), or two’scomplement from Y = 240 (Bit 14 = 1).

R169:1—0x1A9 — Reducer Vertical Zoom Resize (R/W)

Default OxOIEO
Description | Controls reducer vertical zoom. Pan and Zoom settings are NOT context switchable. The same field of view
will be active for both context A and context B.
Bits 10:0 Y Zoom.
R170:1—0x1AA — Reducer V ertic al Output Size Resize—C ontext A (R/W)
Default Ox00FO0
Description | Controls reducer vertical output size in context A.
Bits 10:0 Y Size.
R171:1—0x1AB — Reducer Current Horizontal Zo om (R/O)
Default 0x0280
Description Current horizontal zoom.
Bits 13:12 IR X shift.
0:No IR
1:2x
2:4x
3:8x
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Colorpipe Regist er Descri ption ( continued)

Bits11:0

Current zoom window width. After automatic zoom (R175:1), copy R171:1 to the snapshot X Zoom register
R166:1 (context A) or R160:1 (context B) so the snapshot has the same field of view as preview. Also copy to
snapshot X Size register R167:1 (context A) or R161 (context B) for largest shapshot.

R172:1—0x1AC — Reducer Current Vertical Zoom (R/O)

Default OxOIEO
Description | Qurrent vertical zoom.
Bits 13:12 IRY Shift.
0: No IR
1:2x
2:4x
3: 8x
Bits11:0 Current zoom window height. After automatic zoom (R175:1), copy R172:1 to the snapshot Y Zoom register

R169:1 (context A) or R163:1 (context B) so the snapshot has the same field of view as preview. Also copy to
snapshot X Size register R170:1 (context A) or R164 (context B) for largest shapshot.

R174:1—0x1AE — Reducer Zoom Step Size (R/W)

Default 0x0C09

Description | Zoom step sizes. Should be a multiple of the aspect ratio 5:4 for VGA or 4:3 VGA or 11:9 for CIF.

Bits15:8 Zoom step size in X.

Bits 7:0 Zoom step size in Y.

R175:1—0x1AF — Reduce r Zoom Contr ol (R/W)

Default 0x0000

Description | Resize Interpolation and zoom control.

Bit 15:10 Reserved.

Bit 9 Sarts automatic “zoom out” in step sizes defined in R174:1.

Bit 8 Sarts automatic “zoom in” in step sizes defined in R174:1.

Bit 7:0 Reserved.

R200:1—0x1C8 — Global C ontext Contr ol (R/W)

Default 0x0000

Description | Defines sensor and colorpipe context for current frame. Registers R200:0, R200:1, and R200:2 are shadows of
each other. See description in R200:2. It is recommended that all updates to R200:n are handled by means of
a WRITE to R200:2.

Bit 15:0 See R200:2[15:0].

R226:1—0x1E2 — Effects M ode (R/W)

Default 0x7000

Description | This register specifies which of several special effects to apply to each pixel passing through the pixel pipe.

Bits 15:8 Solarization threshold.

Bits 2:0 Foecification of the effects mode.

“000” —No effect (pixels pass through unchanged).

“001”—Monochrome (chromas set to 0).

“010” —Sepia (chromas set to the value in the effects sepia register).

“011”"—Negative (all color channels inverted).

“100”" —Solarize (luma conditionally inverted).

“101” —Solarize2 (luma conditionally inverted, chromas inverted when luma inverted).

R227:1—0x1E3 — Effects Sepia (R/W)

Default 0xB023

Description | This register specifies the chroma values for the sepia effect. In sepia mode, the chroma values of each pixel
are set to this value. By default, this register contains a brownish color, but it can be set to an arbitrary color.

Bit 15 Sign of Ch.

Bits 14:8 Magnitude of Cb in 0.7 fixed point.
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Table 9: Colorpipe Regist er Descri ption ( continued)
Bit 7 dgn of Cr.
Bits6:0 Magnitude of Crin 0.7 fixed point.
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Table 10: Camera Contr ol Register Description

R38:2—0x226 — Auto Expo sure Horizontal Window Boundaries  (R/W)
Default 0x8000

Description | This register specifies the left and right boundaries of the window used by the auto exposure measurement
engine. The values programmed in the registers are the fractional percentage, where 128 (decimal) is the
right-most edge of the frame, 64 (decimal) is the middle of the frame, and 0 is the left-most edge of the

frame.
Bits 15:8 Right window boundary.
Bits 7:0 Left window boundary.
R39:2—0x227 — Auto Exposure Vertical Window Boundaries (R/\W)
Default 0x8008

Description | This register specifies the top and bottom boundaries of the window used by the auto exposure
measurement engine. The values programmed in the registersare the fractional percentage, where 128
(decimal) is the bottom edge of the frame, 64 (decimal) is the middle of the frame, and 0 is the top edge of

the frame.
Bits 15:8 Bottom window boundary.
Bits 7:0 Top window boundary.
RA43:2—0x22B — Auto Exposur e Horizontal Center Window Boundaries (R/W)
Default 0x6020

Description | This register specifies the left and right boundaries of the window used by the auto exposure measurement
engine in back light compensation mode. The values programmed in the registers are the fractional
percentage, where 128 (decimal) is the right-most edge of the frame, 64 (decimal) is the middle of the
frame, and O is the left-most edge of the frame.

Bits 15:8 Right window boundary.

Bits 7:0 Left window boundary.

R44:2—0x22C — Auto Exposur e Vertical Center Window Boundaries (R/W)
Default 0x6020

Description | This register specifies the top and bottom boundaries of the window used by the auto exposure
measurement engine in back light compensation mode. The values programmed in the registers are the
fractional percentage, where 128 (decimal) is the bottom edge of the frame, 64 (decimal) is the middle of
the frame, and “0” is the top edge of the frame.

Bits 15:8 Bottom window boundary.

Bits 7:0 Top window boundary.
R45:2—0x22D — AWB Window Boundaries (R/W)
Default OxFOAO

Description | This register specifies the boundaries of the window used by the AWB measurement engine. Essentially, it
describes the AWB measurement window in terms relative to the size of the image—horizontally, in units of
1/10ths of the width of the image; vertically, in units of 1/16 of the height of the image. So although the
positioning is highly quantized, the window remains roughly in place as the resolution changes.

Bits 15:12 Bottom window boundary (in units of blocks).

Bits 11:8 Top window boundary (in unitsof blocks).

Bits 7:4 Right window boundary (in units of 2 blocks).

Bits 3:0 Left window boundary (in units of 2 blocks).
R46:2—0x22E — Aut o Exposur e Target and Precision Cont rol (R/W)
Default OxOC4A

Description | This register specifies the luma target of the auto exposure algorithm and the size of the window/range
around the target in which no auto exposure adjustment is made. This window is centered on target, but
the value programmed in the register is 1/2 of the window size.

Bits 15:8 Half-size of the auto exposure stability window/range.
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Table 10: Camera Contr ol Register Description (continued)

Bits 7:0 | Luma value of the auto exposure target.

R47:2—0x22F — Auto Ex posur e Speed and Sensitivity Contr ol—Context A (R/W)

Default OxDF20

Description | This register specifies the speed and sensitivity to changes of auto exposure in context A.
Bit 15 Reserved.

Bit 14 Reserved.

Bits 13:12 Reserved.

Bit 11 Reserved.

Bit 10 Reserved.

Bit 9 Reserved.

Bits 8:6 Factor of reduction of the difference between current luma and target luma. In one adjustment auto

exposure advances from current luma to target as follows:
“000”"—1/4 way going down, 1/8 going up.

“001"—1/4 way in both directions.

“010”"—1/2 way in both directions.

“011"—1/2 way going down, 1/4 going up.

“100”"—All the way in both directions (fast adaptation!).
“101”—3/4 way in both directions.

“110”"—7/8 way in both directions.

“111”"—Reserved. Currently the same as “100”

Bit 5 Reserved
Bits 4:3 Auto exposure luma is updated every N frames, where N is given by this field.
Bits 2:0 Hysteresis control via time-averaged smoothing of luma data. Luma measurements for auto exposure are

time-averaged as follows:

“000”"—Auto exposure luma = current luma.

“001"—Auto exposure luma = 1/2 current luma + 1/2 buffered value.
“010"—Auto exposure luma = 1/4 current luma + 3/4 buffered value.
“011"—Auto exposure luma = 1/8 current luma + 7/8 buffered value.
“100"—Auto exposure luma = 1/16 current luma + 15/16 buffered value.
“101"—Auto exposure luma = 1/32 current luma + 31/32 buffered value.
“110”"—Auto exposure luma = 1/64 current luma + 63/64 buffered value.
“111"—Auto exposure luma = 1/128 current luma + 127/128 buffered value.

R91:2—0x25B - Flicker Control (R/W)

Default 0x0002
Description | Primary Flicker Control Register.
Bit 15 (READ only) 50Hz/60Hz detected.

0: 50Hz detected.
1: 60Hz detected.

Bit 2 Reserved.

Bit 1 When in “manual” flicker mode (R91:2[0] = 1), defines which flicker frequency to avoid.
0: Forces 50Hz detection.
1: Forces 60Hz detection.

Bit O 0: Auto flicker detection.
1: Manual Mode.

R98:2—0x262 — Aut o Exposure Digital Gains Monit or (R/W*)

Default

Description | These digital gainsare applied within the IFP; they are independent of the imager gains.

Bits15:8 Post-lens correction digital gain (writable if auto exposure is disabled).

Bits 7:0 Pre-lens correction digital gain (writable if auto exposure is disabled).
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Table 10: Camera Contr ol Register Description (continued)
R103:2—0x267 — Auto Exposur e Digita | Gain Limits (R/ W)
Default 0x4010
Description | This register specifies the upper limits of the digital gains used by the auto exposure algorithm. The values
programmed to this register are 16 times the absolute gain values. The value of 16 represents the gain 1.0.
Bits 15:8 Maximum limit on post-lens correction digital gain.
Bits 7:0 Maximum limit on pre-lens correction digital gain.
R156:2—0x29C — Aut o Exposur e Speed and Sensitivity Contr ol—Context B (R/W )
Default OxDF20
Description | This register specifies the speed and sensitivity to auto exposure changes in context B.
Bit 15 Reserved.
Bit 14 Reserved.
Bits 13:12 Reserved.
Bit 11 Reserved.
Bit 10 Reserved.
Bit 9 Reserved.
Bits 8:6 Factor of reduction of the difference between current luma and target luma. In one adjustment, auto
exposure advances from current luma to target as follows:
“000"—1/4 way going down, 1/8 going up.
“001"—1/4 way in both directions.
“010"—1/2 way in both directions.
“011"—1/2 way going down, 1/4 going up.
“100”"—All the way in both directions (fast adaptation!).
“101"—3/4 way in both directions.
“110"—7/8 way in both directions.
“111"—Reserved. Currently the same as “100.”
Bit 5 Reserved.
Bits 4:3 Auto exposure luma is updated every N frames, where N is given by this field.
Bits 2:0 Hysteresis control via time-averaged smoothing of luma data. Luma measurements for auto exposure are
time-averaged as follows:
“000”"—Auto exposure luma = current luma.
“001"—Auto exposure luma = 1/2 current luma + 1/2 buffered value.
“010”"—Auto exposure luma = 1/4 current luma + 3/4 buffered value.
“011"—Auto exposure luma = 1/8 current luma + 7/8 buffered value.
“100"—Auto exposure luma = 1/16 current luma + 15/16 buffered value.
“101"—Auto exposure luma = 1/32 current luma + 31/32 buffered value.
“110"—Auto exposure luma = 1/64 current luma + 63/64 buffered value.
“111"—Auto exposure luma = 1/128 current luma + 127/128 buffered value.
R180:2 — Reserved
R200:2—0x2C8 — Global C ontext Contr ol (R/W)
Default 0x0000
Description | Defines sensor and colorpipe context for current frame. Context A is typically used to define preview or
viewfinder mode, while context B istypically used for snapshots. The bits of this register directly control the
respective functions, so care must be taken when writing to this register if a bad frame is to be avoided
during the context switch.
Bit 15 Controls assertion of sensor restart on update of global context control register. This helps ensure that the

very next frame isgenerated with the new context (a problem with regard to exposure due to the rolling
shutter). This bit is automatically cleared once the restart has occurred.

0: Do not restart sensor.

1: Restart sensor.
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Table 10: Camera Contr ol Register Description (continued)

Bit 14 Reserved.

Bit 13 Reserved.

Bit 12 Reserved.

Bit 11 Reserved.

Bit 10 Resize/zoom context. Switch resize/zoom contexts:

0: Context A
1: Context B

Bit 9 Output format control 2 Context. See R58:1 and R155:1.
0: Context A
1: Context B

Bit 8 Gamma table context.

0: Context A
1: Context B

Bit 7 Arm Xenon Flash.

Bit 6 Blanking control. Thisis primarily for use by the internal sequencer when taking automated (e.g., flash)
snapshots. Setting this bit stops frames from being sent over the BT656 external pixel interface. This isuseful
for ensuring that the desired frame during a snapshot sequence isthe only frame captured by the host.
0: No blanking
1: Blank framesto host

Bit 5 Reserved.

Bit 4 Reserved.

Bit 3 Sensor Read Mode context (skip mode, power mode (second ADC on/off), see R33:0 and R32:0.

0: Context A
1: Context B
Bit 2 LED Flash ON:
0: Turn off LED Flash
1: Turn on LED Flash
Bit1 Vertical blanking context:
0: Context A
1: Context B
Bit O Horizontal blanking context:
0: Context A
1: Context B
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Sensor Cor e Overview

The sensor consists of ag@liaray of 895 x 94 tal,
an analogeadaut chain, 10-bit ADC with progamma-
ble gain andblack offsetand timing andcontrol.

Figur e 5: Sensor Cor e Block Diagram

1}

Analog Processing

| |
: Control Register : Communication
1 Active Pixel toB |u|:sp
| Sensor (APS)

Arra
: y Timing and Control <:— Clock
I Sync
1 Signals
|
|
|
|
|

| \10-Bit Data
> to IFP
1

Pixel Data Format

Pixel Array Structure

The £nsor ore pixel arry is configured as 69%o0l-
umns by 504 ravs, shavn in Hgure 6. The first 34col-
umns ard the first 14rows of pixels are goticaly blad,
and @n be us=d to monitor the bk level. The bst 12
codumns ard thelast rov of pixes also are optically
black.

The Hack row dat is usal internaly for the auto-
matic Hadk levd adjusment. However, theseblack
rows can alsoberead out ly seting thesersor to raw
data autput mode

There ae 49 columns v 489 rows of qotically-
active pixels that provide a fourpixel bounday
around the GA (640 x 48)) image toavoid boundar
effects duing color interpolation and caection.

The additional activeolumn and additionahctive
row are usel to enalbe hoiizontaly and \ertically mir-
rored readoutto stat on the sane colorpixel.

PRELIMINARY
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Figur e 6: Pixel Array Description

(0,0)
14 Black Rows

VGA (640 x 480)
+ 4-pixel boundary for

color correction

12 Black Columns + additional active column 34 Black Columns

+ additional active row

=649 x 489 active pixels

(694,503) 1 Black Row

The seansor coe usesan RGB Bayer color pattern,
shovn in Hgure7. The een-numbeed rows contam
green and ed color pixels, andodd-numbeed rows
contain blie andgreen color pixds. The een-num-
berd cdumns contan green ad blue color pixels;
odd-numkbered columns cortain red andgreen oolor
pixels

Figur e 7: Pixel Color Patter n Detail
(top righ't corner)

Column Readout Direction

Black Pixels
First Clear
Pixel
> (34, 14)
G|R|G|R|G|R|G
Row B|G|IB|G|B|G|B
Readout
Direction | | G|R|G|R|G|R |G
B|G|B|G[B|G|B
G|IR|IGIR|G|R|G
'
B|G|IB|G|B|G|B
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Output Data Format

Thesensorcore image data isread out in a prgres-
sive s@an.Valid image data issurrouned by horizontal
blanking and veical blanking, shovn in FHgure8.
LINE VALID is HIGH during theshaded egion ofthe
figure. FRAME \ALID timing is decrbedin “Appen-
dix A on page2.

PRELIMINARY
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Figur e 8: Spatial lllustration of Image

Readout
2 PoniPon | 000000 ... 00 00 00
L PipaPry |000000 ... 00 00 00
VALID IMAGE HORIZONTAL

BLANKING
T O P11 Pooan| 000000 oo 00 00 00
Pr0 P deeseeeeeeeeeeeeeies e s Fam 000000 ... 00 00 00
00 00 00 ..oovvvenriiririrerieeiiereeieees 00 00 00 000000 ....cceveurennen 00 00 00
00 00 00 ...ooveeireririireneeieeees 00 00 00 000000 .....cccouruenene 00 00 00

VERTICAL BLANKING VERTICAL/HORIZONTAL

BLANKING
00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00
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Sensor Cor e Registers
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Table 11: Sensor Registers — Addr ess Page O
REGISTER# DEC DEFAULT VALUE DEC
(HEX) REGISTER NAME DATA FORMAT (HEX)

0 (0x00) Chip Version 0001 0010 0010 1001 (LSB) 4649 (0x1229)

1 (0Ox01) Row Start 0000 0ddd dddd dddd 18 (0x12)

2 (0x02) Column Start 0000 0ddd dddd dddd 38 (0x0026)

3 (0x03) Row Width 0000 Oddd dddd dddd 480 (0x01EO)

4 (0x04) Column Width 0000 Oddd dddd dddd 640 (0x280)

5 (0x05) Horizontal Blanking—Context B 00dd dddd dddd dddd 203 (0xCB)

6 (0x06) Vertical Blanking—Context B 0ddd dddd dddd dddd 11 (Ox0B)

7 (0x07) Horizontal Blanking—Context A 00dd dddd dddd dddd 203 (0xCB)

8 (0x08) Vertical Blanking—Context A 0ddd dddd dddd dddd 11 (Ox0B)

9 (0x09) Shutter Width dddd dddd dddd dddd 470 (0x1D6)
10 (Ox0A) Row Speed ddd0 000d dddd dddd 17 (0x0011)
11 (Ox0B) Extra Delay 00dd dddd dddd dddd 0 (0x0000)
12 (0x0C) Shutter Delay 00dd dddd dddd dddd 0 (0x0000)
13 (Ox0D) Reset d000 00dd 00dd dddd 8 (0x0008)
32 (0x20) Read Mode—Context B dd00 0ddd dddd dddd 1792 (0x0700)
33 (0x21) Read Mode—Context A 0000 0d00 0000 dd00 1024 (0x0400)
34 (0x22) Reserved — 299 (0x012B)
35 (0x23) Flash Control ??dd dddd dddd dddd 1544 (0x0608)
36 (0x24) Reserved — 16384 (0x4000)
43 (0x2B) Greenl Gain 0000 0ddd dddd dddd 32 (0x0020)
44 (0x2C) Blue Gain 0000 Oddd dddd dddd 32 (0x0020)
45 (0x2D) Red Gain 0000 0ddd dddd dddd 32 (0x0020)
46 (0x2E) Green2 Gain 0000 Oddd dddd dddd 32 (0x0020)
47 (0x2F) Global Gain 0000 Oddd dddd dddd 32 (0x0020)
48 (0x30) Reserved — 1066 (0x042A)
49 (0x31) Reserved — 7168 (0x1C00)
50 (0x32) Reserved — 42 (0x002A)
51 (0x33) Reserved — 833 (0x0341)
52 (0x34) Reserved — 49160 (0xC009)
53 (0x35) Clip Control — 8226 (0x2022)
54 (0x36) Reserved — 61680 (OxFOFO)
55 (0x37) Reserved — 0 (0x0000)
59 (0x3B) Reserved — 33 (0x0021)
60 (0x3C) Reserved — 6688 (0x1A20)
61 (0x3D) Reserved — 8222 (0x201E)
62 (Ox3E) Reserved — 8224 (0x2020)
63 (Ox3F) Reserved — 4128 (0x1020)
64 (0x40) Reserved — 8192 (0x2000)
65 (0x41) Reserved — 215 (0x00D7)
66 (0x42) Reserved — 1911 (0x0777)
88 (0x58) New Black Level Algorithm — 0 (0x000)
89 (0x59) Reserved — 12 (0x000C)
90 (0x5A) Reserved — 57354 (OXEOOA)
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Table 11: Sensor Registers — Addr ess Page 0 (cont inued)
REGISTER# DEC DEFAULT VALUE DEC
(HEX) REGISTER NAME DATA FORMAT (HEX)
91 (0x5B) Reserved — N/A
92 (0x5C) Reserved — N/A
93 (0x5D) Reserved — N/A
94 (Ox5E) Reserved — N/A
95 (Ox5F) Reserved — 8989 (0x231D)
96 (0x60) Reserved — 128 (0x0080)
97 (0x61) Reserved — 0 (0x0000)
98 (0x62) Reserved — 0 (0x0000)
99 (0x63) Reserved — 0 (0x0000)
100 (0x64) Reserved — 0 (0x0000)
112 (0x70) Reserved — 31498 (0x7BOA)
113 (0x71) Reserved — 31498 (0x7BOA)
114 (0x72) Reserved — 6414 (0x190E)
115 (0x73) Reserved — 29967 (0x750F)
116 (0x74) Reserved — 22322 (0x5732)
117 (0x75) Reserved — 22068 (0x5634)
118 (0x76) Reserved — 29493 (0x7335)
119 (0x77) Reserved — 12306 (0x3012)
120 (0x78) Reserved — 30978 (0x7902)
121 (0x79) Reserved — 29958 (0x7506)
122 (Ox7A) Reserved — 30474 (0x770A)
123 (0x7B) Reserved — 30729 (0x7809)
124 (0x7C) Reserved — 32006 (0x7D06)
125 (0x7D) Reserved — 12560 (0x3110)
126 (OX7E) Reserved — 126 (Ox007E)
127 (OX7F) Reserved — 31745 (0x7C01)
128 (0x80) Reserved — 22788 (0x5904)
129 (0x81) Reserved — 22788 (0x5904)
130 (0x82) Reserved — 22282 (0x570A)
131 (0x83) Reserved — 22539 (0x580B)
132 (0x84) Reserved — 18188 (0x470C)
133 (0x85) Reserved — 18446 (0x480E)
134 (0x86) Reserved — 23298 (0x5B02)
135 (0x87) Reserved — 92 (0x005C)
200 (0xC8) Context Control d000 0000 dO00 dddd 11 (0x000B)
240 (OxF0) Page Map 0000 0000 0000 0ddd 0 (0x0000)
241 (OxF1) Bytewise Address Reserved Reserved
245 (OxF5) Reserved — 1023 (0x03FF)
246 (OxF6) Reserved — 511 (Ox01FF)
247 (OxF7) Reserved — 0 (0x0000)
248 (OxF8) Reserved — 0 (0x0000)
249 (0xF9) Reserved — 0 (0x0000)
250 (OxFA) Reserved — 0 (0x0000)
251 (OxFB) Reserved — 0 (0x0000)
252 (0xFC) Reserved — 0 (0x0000)
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Table 11: Sensor Registers — Addr ess Page O (cont inued)

REGISTER# DEC DEFAULT VALUE DEC
(HEX) REGISTER NAME DATA FORMAT (HEX)
253 (OxFD) Reserved — 0 (0x0000)
255 (0x00) Chip Version 0001 0010 0010 1001 (LSB) 4649 (0x1229)
NOTE:
Data Format Key:
0= “Don't Care” bit
d = R\W bit
? =RJ/O bit. The exceptions: R0:0 and R255:0, which are hardwired R/O binary values.
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Table 12: Sensor Cor e Register Descriptions
SYNCD TO
DEFAULT FRAME BAD | READ/
BIT FIELD DESCRIPTION (HEX) START FRAME | WRITE
R0:0—0x000 — Chip V ersion (R/O)
Bits 150 [ Hardwired READ only. | 0x1229 | R
R1:0—0x001 — Row Start
Bits 10:0 The first row to be read out (not counting dark rows that may 0x12 Y YM W
Row Start be read). To window the image down, set this register to the
starting Y value. Setting a value less than 8 is not recommended
since the dark rows should be read using Reg0x022.
R2:0—0x002 — Column Start
Bits 10:0 The first column to be read out (not counting dark columns that 0x26 Y YM W
Col Start may be read). To window the image down, set this register to
the starting X value. Setting a value below 0x18 is not
recommended since readout of dark columns should be
controlled by Reg0x022.
R3:0—0x003 — Row Width
Bits 10:0 Number of rows in the image to be read out (not counting dark Ox1EO Y YM W
Row Width |rows or border rows that may be read).
R4:0—0x004 — Column Width
Bits 10:0 Number of columns in image to be read out (not counting dark 0x284 Y YM W
Col Width | columns or border columns that may be read).
R5:0—0x005 — Horiz ontal Blanking—Context B
Bits 10:0 Number of blank columns in a row when context B ischosen (bit 0xCB Y YM W
Horizontal |0, RegOxOC8 = 1). The extra columns are added at the beginning
Blanking B | of arow. The minimum supported value is 132.
R6:0—0x006 — Vertical Bla nkin g—Conte xt B
Bits 14:0 Number of blank rows in a frame when context B ischosen (bit 0x0B Y N W
Vertical 1, RegOx0C8 = 1). Thisnumber must be equal to or larger than
Blanking B |the number of dark rows read out in a frame specified by
Reg0x022.
R7:0—0x007 — Horiz ontal Blanking—Context A
Bits 10:0 Number of blank columns in a row when context A is chosen (bit| OxCB Y YM W
Horizontal |0, RegOxOC8 = 0). The extra columns are added at the beginning
Blanking A | of arow. The minimum supported value is 132.
R8:0—0x008 — Vertical Bla nkin g—Conte xt A
Bits 14:0 Number of blank rows in a frame when context A is chosen (bit 0xB Y N W
Vertical 1, RegOx0C8 = 1). Thisnumber must be equal to or larger than
Blanking A |the number of dark rows read out in a frame specified by
Reg0x022.
R9:0—0x009 — Shutter Width
Bits 15:0 Integration time in number of rows. In addition to this register, 0x1D6 Y N W
Shutter the shutter delay register (RegOxOC) and the overhead time
Width influences the integration time for a given row time.
R10:0—0x00A — Row Speed
Bit 13 Invert to cb clock. — — — —
Bit 8 Invert pixel clock. When set, LINE_VALID, FRAME_VALID, and ox0 N 0 w
Invert Pixel | DATA_OUT is set to the falling edge of PIXCLK. When clear, they
Clock are set to the rising edge if there is no pixel clock delay.
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Table 12: Sensor Cor e Register Descriptions (continued)
SYNCD TO
DEFAULT FRAME BAD | READ/
BIT FIELD DESCRIPTION (HEX) START FRAME | WRITE
Bits 7:4 Delay PIXCLK in half-master-clock cycles. When set, the pixel Ox1 N 0 W
Delay Pixel |clock can be delayed in increments of half-master- clock cycles
Clock compared to the synchronization of FRAME_VALID, LINE_VALID,
and DATA_OUT.
Bits 3:0 The pixel clock period is doubled, so the ADC clock period Ox1 Y YM W
Pixel Clock | remains the same for one programmed register value. The value
Speed “0” is not allowed, and “1” is used instead.
R11:0—0x00B— Extr a Delay
Bits 13:0 Extra blanking inserted between frames specified in pixel clocks. 0x0 Y 0 w
Extra Delay | Can be used to get a more exact frame rate. For integration
times lessthan a frame, however, it might affect the integration
times for parts of the image.
R12:0—0x00C — Shutter Delay
Bits 10:0 The amount of time from the end of the sampling sequence to 0x0 Y N W
Shutter the beginning of the pixel reset sequence. This variable is
Delay automatically halved in low-power mode, so the time in use
remains the same. This register has an upper value defined by
the fact that the reset needs to finish prior to readout of that
row to prevent changes in the row time.
R13:0—0x00D — Reset
Bit 15 0: Normal operation, updates changes to registers that affect 0x0 N 0 W
Synchronize | image brightnessat the next frame boundary (integration time,
Changes integration delay, gain, horizontal blanking and vertical
blanking, window size, row/column skip, or row mirror.
1: Do not update any changes to these settings until this bit is
returned to “0.” All registers that are frame-synchronized are
affected by this bit setting.
Bit 13 Setting this bit turns off all SOC clocks. 0x0 N 0
Stop_soc
Bit 12 By setting this bit, the CLK_INis divided by two before going to 0x0 N 0
Div 2 master clock control.
Bit 10 Setting this bit converts SHIP_ID from default to the other 0x0 N N
Switch (OxBA/OxBB => 0x90/0x91).
Two-wire
Interface ID
Bit 9 When set, a forced restart occurs when a bad frame is detected. 0x0 N 0 W
Restart Bad | Thiscan shorten the delay when waiting for a good frame
Frames because the delay when masking out a bad frame is the
integration time rather than the full frame time.
Bit 8 0: Only output good frames (default) 0x0 N 0 W
Show Bad | A bad frame is defined as the first frame following a change to:
Frames window size or position, horizontal blanking, pixel clock speed,
zoom, row or column skip, or mirroring.
1: Output all frames (including bad frames)
Bit 7 Setting this bit stops STANDBY from affecting entry to or exit
Inhibit from the low-power state.
Standby
Bit 6 By default, asserting STANDBY causes the ball interface to enter
Drive High-Z. Setting this bit stops STANDBY from contributing to
Signals output enable control.
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Table 12: Sensor Cor e Register Descriptions (continued)
SYNCD TO
DEFAULT| FRAME BAD | READ/
BIT FIELD DESCRIPTION (HEX) START FRAME | WRITE
Bit 5 Thisreset signal is fed directly to the SOC part of the chip, and 0x0 N 0 W
Reset SOC | has no functionality in a stand alone sensor.
Bit 4 When set, the output signals are tri-stated. 0x0 N 0 W
Output
Disable
Bit 3 0: Stop sensor readout. Ox1 N YM W
Chip Enable | When thisisreturned to “1,” sensor readout restarts and begins
resetting the starting row in a new frame. To reduce the digital
power, the master clock to the sensor can be disabled or
STANDBY can be used.
1: Normal operation.
Bit 2 0: Normal operation (default) 0x0 N YM W
Standby 1: Disable analog circuitry and internal clocks. Whenever this bit
is set to “ 1” the chip enable bit (bit 3) should be setto “0.”
Bit 1 Setting this bit causes the sensor to abandon the current frame 0x0 N YM W
Restart and start resetting the first row. The delay before the first valid
frame is read out equals the integration time. This bit always
reads “0.”
Bit O Setting this bit puts the sensor in reset mode; this sets the sensor 0x0 N YM W
Reset to its default power-up state. Clearing this bit resumes normal
operation.
R32:0—0x020 — Read Mode—Cont ext B
Bit 15 O: LINE_VALID determined by bit 9. 0x0 N 0 W
XOR Line Ineffective if Continuous LINE_VALID is set.
Valid 1: LINE_VALID = “Continuous” Line Valid XOR Frame Valid,
Bit 14 0: Normal LINE_VALID (default, no line valid during vertical 0x0 N 0 W
Continuous | blanking).
Line Valid 1: “Continuous’ LINE_VALID (continue producing line valid
during vertical blanking).
Bit 10 When READ mode context B is selected (bit 3, RegOx0C8 = 1): Ox1 Y YM W
Low-Power | O: Full power, maximum readout speed.
Mode— 1: Low power. Maximum readout frequency is now half of the
Context B master clock, and the pixel clock is automatically adjusted as
described for the pixel clock speed register.
Bit 9 This bit indicates whether to show the border enabled by bit 8. Oox1 N 0 W
Show When bit 8 is 0, this bit has nho meaning. When bit 8 is 1, this bit
Border decides whether the border pixels should be treated as extra
active pixels (1) or extra blanking pixels (0).
Bit 8 When this bit isset, a 4-pixel border isoutput around the active Ox1 Y YM W
Over Sized |image array independent of readout mode (skip, zoom, mirror,
etc.). Setting this bit therefore adds eight to the numbers of
rows and columns in the frame.
Bits7:6 Reserved. 0x0 Y YM
Bit 5 0: Normal readout. 0x0 Y YM
Column 1: READ out two columns, and then skip six columns (as with
Skip 4x rows).
Bit 4 0: Normal readout. 0x0 Y YM W
Row Skip 4x | 1: READ out two rows, and then skip six rows (i.e., row 8, row 9,
row 16, row 17...).
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Table 12: Sensor Cor e Register Descriptions (continued)
SYNCD TO
DEFAULT FRAME BAD | READ/
BIT FIELD DESCRIPTION (HEX) START FRAME | WRITE
Bit 3 When READ mode context B isselected (bit 3, RegOx0C8 = 1): 0x0 Y YM w
Column 0: Normal readout.
Skip 2x — | 1: READ out two columns, and then skip two columns (as with
Context B rows).
Bit 2 When READ mode context B is selected (bit 3, RegOx0C8 = 1): 0x0 Y YM W
Row Skip 0: Normal readout.
2%x— 1: READ out two rows, then skip two rows (i.e., row 8, row 9,
Context B row 12, row 13...).
Bit 1 Read out columns from right to left (mirrored). When set, 0x0 Y YM w
Mirror column readout starts from column (Col Start + Col Size) and
Columns continues down to (Col Start + 1). When clear, readout starts at
Col Start and continues to (Col Start + Col Size - 1). This ensures
that the starting color is maintained.
Bit O Read out rows from bottom to top (upside down). When set, 0x0 Y YM W
Mirror row readout starts from row (Row Start + Row Size) and
Rows continues down to (Row Start + 1). When clear, readout starts at
Row Start and continues to (Row Start + Row Size - 1). This
ensures that the starting color is maintained.
R33:0—0x021 — Read Mode—Cont ext A
Bit 10 When READ mode, context A is selected (bit 3, RegOx0C8 = 0): Oox1 Y YM W
Low-Power | O: Full power, maximum readout speed.
Mode— 1: Low power. Maximum readout frequency is now half of the
Context A | master clock, and the pixel clock is automatically adjusted as
described for the pixel clock speed register.
Bit 3 When READ mode context A is selected (bit 3, RegOx0C8 = 0): 0x0 Y YM W
Column 0: Normal readout.
Skip 2x — | 1: READ out two columns, and then skip two columns (as with
Context A | rows).
Bit 2 When READ mode context A is selected (bit 3, RegOx0C8 = 0): 0x0 Y YM W
Row Skip 0: Normal readout.
2x— 1: READ out two rows, and then skip two rows (i.e., row 8, row
Context A |9, row 12, row 13...).
R35:0—0x023 — Flash Contr ol
Bit 15 READ only bit that indicates whether FLASH_STROBE is enabled. 0x0 0 0 R
Flash Strobe
Bit 14 Reserved. — — — —
Bit 13 Enable Xenon flash. When set, the FLASH_STROBE output signal 0x0 Y N W
XenonFlash | is pulsed HIGH for the programmed period during vertical
blanking. This is achieved by keeping the integration time equal
to one frame and the pulse width less than the vertical blanking
time.
Bits 12:11 Delay of the flash pulse measured in frames. 0x0 N N W
Frame
Delay
Bit 10 0: In Xenon mode, the flash should be enabled after the ox1 N N w
End of readout of a frame.
Reset 1: In Xenon mode, the flash should be triggered after the
resetting of a frame.
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Table 12: Sensor Cor e Register Descriptions (continued)
SYNCD TO
DEFAULT FRAME BAD | READ/
BIT FIELD DESCRIPTION (HEX) START FRAME | WRITE

Bit 9 0: Flash should be enabled for one frame only. ox1 N N w
Every Frame | 1: Flash should be enabled every frame.

Bit 8 EnablesLED flash. When set, the FLASH_STROBE goes on prior 0x0 Y Y W
LED Flash to the start of a frame reset. When disabled, the FLASH_STROBE

remains HIGH until readout of the current frame completes.

Bits 7:0 Length of FLASH_STROBE pulse when Xenon flash is enabled. 0x08 N N W
Xenon The value specifies the length in 1,024 master clock cycle

Count increments.

R43:0—0x02B — Gr eenl Gain

Bits 11:9 Total gain = (Bit 9 + 1) x (Bit 10 + 1) (Bit 11 + 1) x analog gain 0x0 Y N

Digital Gain | (each bit gives 2x gain).

Bits 8:7 Analog gain = (Bit 8 + 1) x (Bit 7 + 1) x initial gain (each bit gives 0x0 Y N

Analog 2x gain).

Gain

Bits 6:0 Initial gain = bits (6:0) x 0.03125. 0x20 Y N W
Initial Gain

R44:0—0x02C — Blue Gain

Bits 11:9 Total gain = (Bit 9 + 1) x (Bit 10 + 1) (Bit 11 + 1) x analog gain 0x0 Y N

Digital Gain | (each bit gives 2x gain).

Bits 8:7 Analog gain = (Bit 8 + 1) x (Bit 7 + 1) x initial gain (each bit gives 0x0 Y N

Analog 2x gain).

Gain

Bits 6:0 Initial gain = bits (6:0) x 0.03125. 0x20 Y N W
Initial Gain

R45:0—0x02D — Red Gain

Bits 11:9 Total gain = (Bit 9 + 1) x (Bit 10 + 1) x (Bit 11 + 1) x analog gain 0x0 Y N

Digital Gain | (each bit gives 2x gain).

Bits 8:7 Analog gain = (Bit 8 + 1) x (Bit 7 + 1) x initial gain (each bit gives 0x0 Y N

Analog 2x gain).

Gain

Bits 6:0 Initial gain = bits (6:0) x 0.03125. 0x20 Y N W
Initial Gain

R46:0—0x02E — Green2 Gain

Bits 11:9 Total gain = (Bit 9 + 1) x (Bit 10 + 1) x (Bit 11 + 1) x analog gain 0x0 Y N

Digital Gain | (each bit gives 2x gain).

Bits 8:7 Analog gain = (Bit 8 + 1) x (Bit 7 + 1) x initial gain (each bit gives 0x0 Y N

Analog 2x gain).

Gain

Bits 6:0 Initial gain = bits (6:0) x 0.03125. 0x20 Y N w
Initial Gain

R47:0—0x02F —Global G ain

Bits 11:0 This register can be used to set all four gains at once. When 0x20 Y N W
Global Gain |read, it returns the value stored in RegOx2B.

R200:0—0x0C8 — Context Contr ol

Bit 15 Setting this bit causes the sensor to abandon the current frame 0x0 N YM W
Restart and start resetting the first row. Same physical register as

Reg0x00D, bit 1.
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Table 12: Sensor Cor e Register Descriptions (continued)
SYNCD TO
DEFAULT FRAME BAD | READ/
BIT FIELD DESCRIPTION (HEX) START FRAME | WRITE
Bit 7 Enable Xenon flash. Same physical register as Reg0x023, bit 13. 0x0 Y N w
XenonFlash
Enable
Bit 3 0: Use READ mode, context A, Reg0x021. ox1 Y YM w
Read Mode | 1: Use READ mode, context B, Reg0x020.
Select Note that bits found only in the READ mode context B register is
always taken from that register.
Bit 2 Enable LED flash. Same physical register as Reg0x023, bit 8. 0x0 Y Y W
LED Flash
Enable
Bit 1 0: Use vertical blanking, context A, RegOx008. ox1 Y YM w
Vertical 1: Use vertical blanking, context B, RegOx006.
Blanking
Select
Bit O 0: Use horizontal blanking, context A, Reg0x007. Oox1 Y YM W
Horizontal |1: Use horizontal blanking, context B, RegOx005.
Blanking
Select
R240:0—0x0F0 — Page Map
Bits 2:0 Page mapping register. Must be kept at 0 to be able to WRITE 0x0 N 0 W
Page Map |to/READ from sensor. Used in the SOCto accessother pages with
registers.
R241:0—0x0F1 — Byte-Wise Addr ess
Bit O Special addressto perform 8-bit (instead of 16-bit) READs and N/A 0 0 0
Byte-Wise | WRITESto the sensor. For additional information, see “Two-
Address Wire Serial Interface Sample” on page 54 and “Appendix A” on
page 52.
R255:0—0x000 — Chip Version (R/O)
Bits 15:0 Hardwired READ only. 0x1229 R
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NOTE:

Notation used in the above table:

Sync'd to frame start

0 = Not applicable, e.g., read-only register.

N = The register value is updated and used immediately.

Y = The register value is updated at next frame start aslong as the synchronize-changesbit is 0. Note also that frame
start is defined as when the first dark row is read out. By default, this is eight rows before FRAME_VALID goes HIGH.

Bad fram e

A bad frame is a frame where all rows do not have the same integration time, or offsets to the pixel values changed

during the frame.

0 = Not applicable, e.g., read-only register.

N = Changing the register value does not produce a bad frame.

Y = Changing the register value might produce a bad frame.

YM = Yes, but the bad frame is masked out unless the show-bad-frames feature is enabled.

Read / Write

R =read-only register/bit.

W =read / write register/bit.
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Modes and Timing
This section provides an averview of typial usag
modes fothe MTOV112

Contexts

The MTOV112 suppais hadware-acceleated can-
text sawitching. A number of parameters have two cop-
ies of thaer sdup registes; this allows two “contexts to
be loadedat any gven time. The® ae referredto as
context Aand contexB. Context selectiorior ary sin-
gle palameter isdetermined by the global context on-
trol register (GCCR, seeR200:2. Thee ae copies of
thisregisterin ead addess pageA WRITE to any one
of themhasthe dentical effed. However, a READfrom
addesspage O aly returns the subset bits of R2Z00that
are specfic to thesensr cre.

Contexts ae ganerically namedecaugethey carbe
utilized for a variety of purpose One typical usa@
modd is to define conext A asviewfinder or peview
mode and context B as snapshobde The device
defaults ae configured with this n mind This meda-
nism enalkes theuserto hawe setings for vienfinder
and smapshot modes loaded at the same tianed
then switch betweenthem with a snge WRITE to a
register (eg., R200:2.

Viewfinder/Preview and Full-

Resolution/Snapshot Modes

No contedt switchingis necesary in the nsorcore
becau® thisis a shgle ADC device. Context svitching
occursin thecolorpipe stage.

Preview Mode

QVGA (320 x240) images ar genestedat up to30
fps Thereducedsize images & geneated ly asaling
down operation. The sensor always outis a \GA size
imageto the colorpipe in botkontext A and contextB.

Snapshot M ode

VGA (640 x 480)magesare geneatedat up to 30 fps
This is typically selected by setting R20Qn[1Q = 1
sdecting resizezoomconextB.

Switc hing Modes

Typically, switching to snapsot modeis achieved
by writing R2M:2 = 0x9F0B This restarts the sensor
and sds most contexs to context B. Following this

PRELIMINARY
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WRTE, a READ from R2M®:1 or R20@ results in
Ox1FOB being ead. Note tha the M iscleaed aub-
matically by the senso AREAD from R20@ results in
0x000B asonly thelower 4 bitsand therestat MB are
implemented in thesensor coe.

Clocks

The sensorcore is a naster n the ystem. Thesen-
sor ore frame ate defines theoverall image flow pipe-
line frame rate. Horizontal blanking and \ertical
blanking ae influencedby the snsor corfiguration,
andare alsoa function ofcertain mage fbw pipdine
functions—patticularly resize The relationship of the
primaty clodks aedepictedin Fgure 9.

The imageflow pipdine typically generates up to
16-bits per pixel—for exanple, YCbCr or RGB565—but
hasonly an8-bit port through wlich tocommunicate
thispixel data. Theeis no phas-lodked loop (PLL), so
the pimary input clock CLKIN) must be twice th
fundament pixel rate (defned by the ®nsor pixel
clock).

To generate VGA images a 30 fps, the sensor core
requires a dock in the 24 MHz-27 MHz range. The
device ddfaults assme a24 MHz clock, and mhimum
clock frequencyis 2 MHz.

Figur e 9: Primary Sensor Cor e Clock
Relationships

Sensor

CLKIN Master Clock |

16 bits/pixel (typical)
0.5 pixel/clock

I |
I |
X Sensor Core |
I |
1 s |
ensor -
: Pixel Clock 10 bits/pixel |
I 1 pixel/clock |
I |
I |
: Colorpipe 1
|
I |
: 16 bits/pixel |
: 1 pixel/clock |
I |
I 1
|
| Output Interface :
I |
I |
I |
I |
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Turning Frame Rates Table 13: Registe r Addr ess Functions
Actual frame rates can be tuned/ladjusting vaous

sensor paameters. Thesensor registersare in address REGISTER FUNCTION
pace 0, sameof which ae shaevn in Table 13 R0Ox04:0 Column width, typically 640 in the
MT9V112
ROx03:0 Row width, typically 480 in the
MT9V112

ROx07:0, ROX05:0 | Horizontal blanking, default is 203
(units of sensor pixel clocks)
ROx08:0, ROx06:0 | Vertical blanking, default is11
(rowsincluding black rows)

Default Blanking Calculations
The MT9V112 ddault blarking calculations &
shown in Table 14.

Table 14: Blanking Pa rameter Calculatio ns

PARAMETER CALCULATION

PC PERIOD Sensor Pixel Clock Period (2/24)pus = 0.083ps

A: Active Data Time (per line): RO x 04:0 + 8 (border) * PC_PERIOD 648 x (2/24) = 53.784us

Q: Horizontal Blanking: [RO x 05:0 | RO x 07:0] * PC_PERIOD 154 x (2/24) = 12.782us

Row Time=Q + A 66.566ps

P: Frame Start / End Blanking: 6 * PC_PERIOD 6 x (2/24) = 0.5ps

V: Vertical Blanking: [ROXx 06:0 |ROx 08:0]* (Q+A)+(Q-2* P) (11 x 66.566) + (12.782 - 1.0) = 744ps

F: Total Frame Time: (RO x 03:0 + [RO x 06:0 | ROO x 08:0]) * (Q + A) (488 + 11) x 66.566s = 33216.434us >30 fps

In the MTOV112 the sensor ce adds four bater
pixels all the way around ¢himage taking the adve
image size to648 x 488 in full power mode This is
achieved througthe defaulisettings:

- oversizeandshow boderbits ae sé¢ by defaut

e oversizeandshaow borderbits ae not context
switchakle, andtherefore, their locaionis only in
read mode cortextB.

User Blanking Calculations

When catulating blankingfor different clock etes
minimum \aluesfor horizonta blankingand ertical Table 15: User Blanking Minimum
blankingmust be taken intaccount. Bble 15 shavs Values
minimum valuesfor eachregister

PARAMETER MINIMUM

Horizontal Blanking | 132 (sensor pixel clocks)
Vertical Blanking 6 + Reg0x22:0[2:0] rows
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Output Timing
Figur e 10: Vertical Timing

E F

FRAME_VALID

b N
L )

Figur e 11: Horizontal Timing

o) 6@@@0@@m@@'@@@@@@

sewo 4L LG

Typical Resolutions, Modes, and Timing

The paametes listed in Bble 16 ae illustratedin a
wavefom diagam, FHgurel0. Table21 on page50
providesvalues for theg paametersn somecommon
resolutionsand opeating modes.

Table 16: Blanking Definitions

DESIGNATION DEFINITION
(A) FRAME_VALID (rising edge) to LINE_VALID (risng edge) delay
B) LINE_VALID (falling edge) to FRAME_VALID (falling edge) delay
©) LINE_VALID (HIGH/valid) time
(D) LINE_VALID (LOW/harizontal blanking) time
(E) FRAME_VALID (HIGH/valid) time
()] FRAME_VALID (LOW/vertical blanking) time

09005aef8154a39d/09005aef8175e6cc Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT9V112_2.fm- Rev. A 1/05 EN 46 ©2004 Micron Technology, Inc. All rights reserved.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6163914/mt9v112.html

AMicron

Reset, Clocks, and Standby

Reset

Power-up reset s asatedde-assded on RESET#.
It is active LOW In this reset gate, all control registers
have the default vaues.

Sdt reset is asserted/de-asseted ly the two-wie
serial interface pogram. In soft-reset mode the two-
wire seial interfaceandregisterring bus ae stil run-
ning. Al control registers ae resd using ddault values
See R130.

Clocks

The MT9V112 has two primary clocks; a master
clock coming fromtheCLKIN signal anda pixd clock
via a clock-gated opation munning athalf frequency
of themaster clock All device clocks aturned off in
power-down mode When the MTO\I12 opeatesin
sensor sandalone moe, the mage flow pipdine
clocks carbe shut ofto conseve paver. See RL3:00n
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Hard standly is asertedde-asated on STANDBY.
It is active HIGH. In this had standly stateall intemal
clocks ae tumed offand the analog bkk is in standip
mocde to sae power consumption. Thesignal stateis
High-Z wken R134] = 0 and R1[35] = 0.

Two-wire interface IDaddressng is basel on the
result of SADDR XOR R13:J10]. (The R130[10] default
is “0”) The R130[1(0 bit is not witable when
STANDBY is as&rted“1.”

Soft standly is assded/de-assded ty atwo-wire
seiial inteface to R3:0[Z. In soft standi all internal
clocks ae tumed off, the analog block is irstandly
mode but thesignalstae is not affead. Fllowing the
assetion of either had or soft stadby, the anbbg cir-
cuitry conpletes eading the current rav and then
entes the $andoy state It is necessary to keep ock-
ing the sensor foan entie row time to ensue proper
entry intothe sandly siate

page3s. Table 17: STANDBY Effect on the

When he MT9V112 is opeated with the MTOM111 Output State
in a dual-camex application, the MT9V112 engys a
divide-by-two clock optionallowinga54 MHz input to Stl)gll\\l/EL IS)IUSAI IBLIE
the masteclock. For more informationabout thisfea- R13:0[6] | R13:0[4] | STANDBY | OUTPUTSTATE
ture, seethe RL3:0 register desdption on page38 in 0 0 0 Driven
Table12. -

0 0 1 High-Z

Standby 1 0 X D.riven

STANDBY is a multfunctional sgnal thatcontrols X 1 X High-Z
power-down, device addessing, and tri-state func
tions Table17 shovs hav STANDBY affects the out-
put spnal sate
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Electrical Specifications

Table 18: Electrical Characte ristics and Operating Conditions
Ta = Ambient =25°C

PARAMETER CONDITION MIN TYP MAX UNIT
I/O Digital Voltage (VDDQ) N/A 1.7 3.6 \%
Core Digital Voltage (VDD) N/A 1.7 18 1.9 Vv
25 2.8 31

Analog Voltage (VAA) N/A 25 2.8 31 \%
Pixel Supply Voltage (VAAPIX) 25 2.8 31 \%
Leakage Current STANDBY, no clocks 10 HA
Operating Temperature Measured at junction -30 +70 T
NOTE:

VDD, VAA, and VAAPIX must all be at the same potential to avoid excessive current draw. Care must be taken to avoid
excessive noise injection in the analog supplies if all three supplies are tied together.
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Table 19: 1/O Parameters

SIGNAL | PARAMETER DEFINITIONS CONDITION MIN TYP MAX UNIT
All Load capacitance TBD TBD pF
Outputs Output signal slew 2.8V, 30pF load TBD 0.72 TBD V/ns
2.8V, 5pF load TBD 1.25 TBD Vins
1.8V, 30pF load TBD 0.34 TBD Vins
1.8V, 5pF load TBD 0.51 TBD Vins
\VOH Output high voltage TBD TBD \Y
VoL Output low voltage TBD TBD \
IoH Output high current VDDQ =2.8V,VoH=24V | TBD TBD mA
VoDQ =1.8V,VoH=1.4V | TBD TBD mA
loL Output low current VDDQ = 2.8V, VoL = 0.4V TBD TBD mA
VbbQ =1.8V,VoL=0.4V | TBD TBD mA
loz Tri-state output leakage current TBD TBD
All VIH Input high voltage VDDQ = 2.8V TBD TBD \%
Inputs VDDQ = 1.8V TBD TBD \Y
ViL Input low voltage VDDQ = 2.8V TBD TBD \%
VDoDQ = 1.8V TBD TBD \%
IIN Input leakage current TBD TBD
Signal CAP Input signal capacitance TBD TBD pF
CLKIN freq Master clock frequency Absolute minimum 2 MHz
VGA at 30 fps 24 27 MHz

Power Consumption

Table 20: Power Consumption

MODE SENSOR/mW IMA GE-FLOW PROC/mW I/IOS (10pF)/mW TOTAL M/mW
VGA at 15 fps 54 18 4 76
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I/O Timing

By default, the M®BV112 launches pixel dat
FRAME VALID, ard LINE_VALID synchronousy with
the faling edge of HXCLK. The epectation is that the
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using the rging edjye of PIXCLK. The tming diagam is
shovn in Hgurel1l2 As an option, he polarity of the
PIXCLK can be inverted from the default. This is
achieveduy progamming R58:19] or R15%5:1[9] to “0.”

user captwes data, FRAME_ALID, and LINE \ALID

Figure 12: 1/0O Timing
Tclkin_min_high Tclkinf_pixclkr Telkin_min_low Tclkin_min_period
cxn[[f 1 N 11 \\ 1/
Telkinr_pixclkf Tpixclk_min_highl Tpixclk_min_low
PIXCLK \ Y +f Y \ / i
Tclkinr_dout Tdout_su Tdout_ho
DATA[7:0] M{gl m
Tclkinr_fvlv Tiviv_su Tfvlv_ho
FRAME_VALID
LINE_VALID [H T\
m UNDEFINED
Table 21: /O Timing
SLOW FAST
SIGNAL PARAMETER CONDITIONS MIN MAX MIN MAX UNIT
COLKIN Telkin_min_high TBD TBD TBD TBD ns
Talkin_min_low TBD TBD TBD TBD ns
Tclkin_min_period TBD TBD TBD TBD ns
PIXCLK Talkinr_pixclkf TBD TBD TBD TBD ns
Tolkinf_pixclkfr TBD TBD TBD TBD ns
Tpixclk_min_low 50:50, 27 MHz CLKIN TBD TBD TBD TBD ns
Tpixclk_min_high 50:50, 27 MHz CLKIN TBD TBD TBD TBD ns
DATA[7:0] Tclkinr_dout TBD TBD TBD TBD ns
Tdout_su 50:50, 27 MHz CLKIN TBD TBD TBD TBD ns
Tdout_ho 50:50, 27 MHz CLKIN TBD TBD TBD TBD ns
FRAME_VALID/ Takinr_fviv TBD TBD TBD TBD ns
LINE_VALID Tfvlv_su 50:50, 27 MHz CLKIN TBD TBD TBD TBD ns
Tfviv_ho 50:50, 27 MHz CLKIN TBD TBD TBD TBD ns
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Figur e 13: Typical Spectral Characteristics (pr eliminary)
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Figure not to scale.
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Appe ndix A

Serial Bus Description

Registersare written toandread from theMT9Vv112
through tletwo-wire seral interface busThe sesor is
a seral inteface slae contolled ty the seral dock
(SCLK), which is driven Ly the seial interface naster
Data is tansfered in andout of he MT9V112 through
the seial daa (DATA) line The $ATAline is pulled up
to VDDQ off-chip by a 15KQ resistor. Hther theslaveor
the master device can pull theas line davn—the
serial inteface protocoldetermines whch device is
allowedto pull theSoATA line davn at any gien time

Protocol

The wo-wire srial interface definesseveral differ-
ent transnission cods, as folbws:

e adart hit

e a(an) (no)ackknowledge bt

e an 8-bt messag

e adgop hit

« thedavedevice 8-bit addess

SADDR and R130[1(] are used to select between two
different addesses in caseof conflict with anothe
device. If SabDR XOR R130[10] is LOW, the slave
addeess isOx90; if SAbDR XOR R130[10] is HIGH, the
dawe addess is OXBA. e Hble 22.

Table 22: Two-Wire Interface ID
Addr ess Switching
TWO-WIRE INTERFACE
SADDR | R13:0[10] ADDRESS ID

0 0 0x90

0 1 OXBA

1 0 OXBA

1 1 0x90
Sequence

A typical read or write sguence kegins wih the
master sending a stabit. After the stat bit, the mas-
ter senddhe 8bit slave device addss The last bit of
the addess determirgeif the equest is a READDr a
WRTE, whee a "0’ indicatesa WRTE and a “1” indi-
cates a READ. The shwe devce adknowledges its
addess by sending an aknonmedge bt back to the
mager.

If the requed was a write, the naster tranders the 8
bit register addess forwhere a write shoul take place

Theslawe sends an ackmtedgebit to indicate that the
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register address has ben eceived. The mager then
transfers the dat 8bits at a tine, with theslave send-
ingan acknwiledge bt after each ghtbits.

The MT9V112 uses &-bit daa for its intemal regis-
ters thus equiring two 8-bit transfers to wite to ore
regsster After 16 bis ar transfered, the register
addessis autonatically incremented, so thathenext
16 bits ae written to the next egister addess The
mager gopswriting by sending astartor sop bit.

A typical read £quenceis executedasfollows. The
mader sends thewrite mode shve addessand 8-bit
registeraddress just as m the wite request. Themas-
ter then sends a stabit and the ead node slave
addess Themasterdocksoutthe register data,eight
bits at a timgandsends an ackméedge bit after each
8-bit trander. The register addess s auto-ncre-
mented afterevely 16 bits is tansfered. The data
trander is stoppedwhen the masx send a no-
acknavledge bit.

Bus Idle State

The busis idle when oth the data and dock lines
are HIGH. ntrol of thebusis initiated with a sirnt
bit, and the buss releasa with astop bt. Only the
mager can generatethe sart andstop bis.

Start Bit
Thestart bf is defined as a HIGH-to-OW transtion
of the datdine while the clock line is HIGH.

Stop Bit
The stop bit is defined ad @®W-to-HIGH transition
of the datdine while tle clock line is HIGH.

Slave Address

The 8-bt addessof atwo-wire serialinterface device
consiss of 7 bits of addrss and bit of direction. A“0”
in the LB of theaddess indicates write node and a
“1” indicateseadmode. Thewrite adiress of the sen-
soris OxBA; the ead adlressis OxBB. Thisapplies only
when theSabDR is sé HIGH.

Data Bit Transfer

One data bit istransérred during each todk pulse.
The srial interface dock pulse is provided by the mas-
ter. The data must be galkde during the HIGH period of
the two-wre seial interface tock—it can only change
whenthe seral clock is LOW Data is tansferied 8 bits
at atime, followed ty an acknaidedge bit.
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Acknowledge Bit

The nastergeneatesthe a&nowledge clodk pulse
The tlansnitter (whidh is the nmaster when wiing, or
the dave when eadng) releases thedata Ine andthe
receiver sighak an ackneledge bt by pulling the dta
lineLOW duingthe acknaviedge clock pulse.

No-Acknowledge Bit

The no-acknavledge bit is geneatedwhen the data
line B not puled dowvn by the receiver durhg the
acknaviedge clock pube. A no-a&knowledge bt is
used to taninate aread sequence
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Two-Wire Serial Interface S ample
Write andread sequenceSADDR =1).

16-Bit Write Sequence

A typical write squencefor writing 16 bts to a eg-
isteris shawvn in Fgure 15. Astart bt sent by the mas-
ter startsthe £quencefollowed by the write address
The imag@ sesor send an ackmeledge bt and

PRELIMINARY
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expetsthe registeraddessto conre first, followed by
the 16bit dab. After each it transfer the image
sensor send an ackneledge bit. All 16 bitsmug be
written before the register is updated. Ater 16 bis ae
tranderred, the egisteraddress isautomaittally incre-
mented so thathenext 16bits are written to the next
register The mater stops wiiing by sending a $art or
stop ht.

Figur e 15: WRITE Timing to ROx09:0—V alue 0x0284

SCLK | |
| [ [ [
| [ I [
| [ [ [
oata L [ [ [ 0] [ [
| [ [ [
| [ I [
. OxBAAddress | | Reg 0x09 0000 0010 X 1000 0100 IR
"Start ol . - ol | - Stop
ACK ACK CK

16-Bit Read Sequence

A typical rad segence isshovn in Fgure16. The
master WRITES the register addess, as in a wite
sequenceThen a stabit andthe ead addess specify
that a read is about to occufrom the register The
mader then cbcks out theregister dita, 8 bis at a

time. Themaster sads an aknowledge bt aftereach
8-bit transkr. The register adiress should be incre-
mented afterevely 16 bits is tansfered. The data
trander is stoppedwhen the masx send a no-
acknavliedge bit.

Figur e 16: READ Timing fr om ROx09:0; Retur ned Value 0x0284

| I [ Il I

| I [ Il I

| OxBA Address || Reg0x09 111 OxBBAddress || 0000 0010 I 1000 0100

I [l [ Il [l

Start ol e ol - Start ol e ol e + - Stop

ACK CK CK CK NACK
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8-Bit Write Sequence addess (R&F10). The register is ot updated until all

To beabe to wiite onebyte at atime to the egister 16 bits hawe beenwritten. It is not posgble to update
a pecil register addressis added. The 8-hit write is just half of a regster In Figure17, atypical sequence
started by writing the upr 8bits to hedesied regis-  for an 8-bit WRITE is shown. The second byte is writ-
ter, thenwriting the laver 8 bitsto thespecial register ten to the pedal register (ROFL0).

Figure 17: WRITE Timing to ROx09:0—V alue 0x0284

|
|
I I I | I [
SDATA i i i | M Ml
| I I [ Il I [
| I I [ Il I [
| OxBA Address ! Reg0x09 I 0000 0010 Il OxBA Address ! RegOxF1 I 1000 0100 bl
Start e D || Cstart e D ! stop
CK CK ACK CK ACK ACK
8-Bit READ Sequence read flom the spedal register (ROxH:0), thelower 8
To read one lyte at a tine the samespedal register bits are aces=d (Fgure 18). Themastersets the no-

addess is used for thever byte. The upper 8 bitsar  acknaviedge bits
read flom the dsired regiser. By following this with a

Figur e 18: READ Timing fr om ROx09:0; Retur ned Value 0x0284

SCLK [ ‘
| |
| [ [ [ [
| (. [ (. (.
—\\ M — M (I ' M (I n\ — — " (I o ’J—‘—
SDATA (. (. (. (.
(I
| (I [ (I (I
| [ [ [ [
| OxBAAddress ! Reg0x09 || OxBBAddress || oooooolo ! ® @
'Start . » < Start . .
ACK ACK CK ACK

I
I

OxBA Address ~ !'! RegOxF1
I

I
I
e o OxBB Address ! 1000 0100
! [ I |
Start - - - - Start - - - = Stop
ACK ACK CK NACK
09005aef8154a39d/09005aef8175e6cc Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT9V112_2.fm- Rev. A 1/05 EN 55 ©2004 Micron Technology, Inc. All rights reserved.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6163914/mt9v112.html

AAicron

Two-wire Serial Bus Timing

The two-wire seral interface opeation equiresa
certain minimum of mater clock cyclesbetween tran-
dtions Theseare speified bdow in masterclock
cycles

Figur e 19: Serial Host Interface Start
Condition Timing

5 4
| | |
| l |
SCLK /| |
| | |
| | |

|
DATA : ! \

Figur e 20: Serial Ho st Interface Stop
Condition Timing

NOTE:
All timing are in unitsof master clock cycle.
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Figur e 21: Serial Host Interface Data
Timing for W rite

DATA >:<
|

NOTE:
DATA is driven by an off-chip transmitter.

Figur e 22: Serial Host Interface Data
Timing for Read

DATA >}<
|

NOTE:

DATA ispulled LOW by the sensor, or allowed to be
pulled HIGH by a pull-up resistor off-chip.

Figur e 23: Acknowledge Signal Timing  After an 8-bit W rite to the Sensor

6

| |
| |
SCLK | |
| |
| |

_—
DATA

Sensor pulls down
SDATA pin

3

—

Figur e 24: Acknowledge Signal Timing After an 8-bit R ead from the Sensor

7
|

_—
DATA

|
|
SCLK | |
|
|

Sensor tri-states SDATA pin
(turns off pull down)

6

—

NOTE:

After a read, the master receiver must pull down DATA to acknowledge receipt of data bits. When read sequence is com-
plete, the master must generate a no acknowledge by leaving SDATA to float HIGH. On the following cycle, a start or stop
bit may be used.
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Figur e 25: 36-Ball ICSP Package

0.95 (FOR REFERENCE ONLY)

( r 1174010
| Iy

[ ]

SEATINGPLANE - = = === = OO U d Y
; 022j ?

(FOR REFERENCE ONLY)
0.175 — | |—=—
(FOR REFERENCE ONLY)
0.575 +0.050 — o= | | |~a—
- 0.375+0.075 — | |q=t— | P
—— [~=— 0.75TYP BALL A1 BALL A1 2.900 +0.075
36X @0.35 BALL Al ID CORNER PIXEL
DIMENSIONS APPLY TO BALL A6 / —— 00
SOLDERBALLS POST / mr 0.0
REFLOW, THE PRE-REFLOW ‘ | ‘ / ﬂ L
DIAMETER IS @0.33 !
& D @:@ & D q 2.714 +0.075 /
| 2.90 +0.05 (14 20
D000 q 4
DD DD DD q 1.728
375 }” 7777777777 [ €--L 580+0075 P C;'R 400
DO DD DD q f %/
| +
1.875 ODDO OO a 0.186
* | 075 TYP (FOR REFERENCE ONLY)
| —_
OO DD DD q
‘ OPTICAL CENTER —A
E | g L PACKAGE CENTER —
1875 | 290005
OPTICAL AREA 2304CTR
~——— 5.8040.075 ——— = MAXIMUM ROTATION OF OPTICAL AREA RELATIVE TO PACKAGE EDGES: 1°
MAXIMUM TILT OF OPTICAL AREA RELATIVE TO[ B] 0.3°.
SOLDER BALL MATERIAL: 62% Sn, 36% Pb, 2% Ag OR MAXIMUM TILT OF OPTICAL AREA RELATIVE TO TOP OF COVER GLASS: 0.2°.
96.5% Sn, 3% Ag, 0.5% Cu
BALL PADS @ 0.27 SOLDER MASK DEFINED LID MATERIAL: BOROSILICATE GLASS 0.40 THICKNESS
SUBSTRATE MATERIAL: PLASTIC LAMINATE ——— IMAGE SENSOR DIE

ENCAPSULANT. EPOXY

NOTE:
All dimensions in millimeters.

Data Sheet Designation
Preliminary This daa sleet catains initialchaacterzaion limits that ae subject to change upbil chamac-
terization of production devices
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