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MT9V128 1/4-Inch Color
CMOS NTSC/PAL Digital
Image SOC with Distortion
Correction and Overlay
Processor

Table 1. KEY PARAMETERS

Parameter Typical Value

Pixel Size and Type 5.6 µm × 5.6 µm Active Pinnedphotodiode with
High�ïsensitivity Mode for Low�ïlight Conditions

Sensor Format 680 (H) × 512 (V) (includes ±2.5% of Rows and
Columns for Lens Alignment)

NTSC Output 720 H × 480 V

PAL Output 720 H × 576 V

Imaging Area Total Array Size: 
3.584 mm x 2.688 mm

Optical Format 1/4�ïinch

Frame Rate 50/60 Fields/sec

Sensor Scan Mode Progressive Scan

Color Filter Array RGB Standard Bayer

Shutter Type Electronic Rolling Shutter (ERS)

Automatic Functions Exposure, White Balance, Black Level Offset
Correction, Flicker Avoidance, Color Saturation
Control, On�ïthe�ïfly Defect Correction, Aperture
Correction

Programmable Controls Exposure, White Balance, Horizontal and
Vertical Blanking, Color, Sharpness, Gamma
Correction, Lens Shading Correction, Horizontal
and Vertical Image Flip, Zoom, Windowing,
Sampling Rates, GPIO Control

Lens Distortion 
Correction (Note 1)

Maximum Lens Distortion Supported Up to 25%
Flexible Algorithm that can be Calibrated for
many Wide�ïangle Lenses through Software
Tools Perspective Correction

Features 

€ Low�ïpower CMOS Image Sensor with Integrated Image Flow
Processor (IFP) and Video Encoder

€ 1/4�ïinch Optical Format, VGA Resolution (640 (H) × 480 (V))
€ ±2.5% Additional Columns and Rows to Compensate for Lens

Alignment Tolerances
€ Integrated Lens Distortion Correction
€ Overlay Generator for Dynamic Bitmap Overlay
€ Integrated Video Encoder for NTSC/PAL with Overlay Capability

and 10�ïbit I�ïDAC

www. onsemi.com

See detailed ordering and shipping information on page 4 of
this data sheet.

ORDERING INFORMATION

Features (continued)

€ Integrated Microcontroller for Flexibility
€ On�ïchip Image Flow Processor Performs

Sophisticated Processing, Such as Color
Recovery and Correction, Sharpening,
Gamma, Lens Shading Correction,
On�ïthe�ïfly Defect Correction, Auto White
Balancing, and Auto Exposure

€ Auto Black Level Calibration
€ 10�ïbit, On�ïchip Analog�ïto�ïdigital

Converter (ADC)
€ Internal Master Clock Generated by

On�ïchip Phaselocked Loop (PLL)
€ Two�ïwire Serial Programming Interface
€ Interface to Low�ïcost Flash through SPI

Bus
€ High�ïlevel Host Command Interface
€ Stand Alone Operation Support
€ Comprehensive Tool Support for Overlay

Generation and Lens Correction Setup
€ Development System with DevWare
€ Overlay Generation and Compilation Tools

Applications 

€ Automotive Rearview Camera and Side
Mirror

€ Blind Spot and Surround View

IBGA63 9x9
CASE 503AL
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Table 2. KEY PARAMETERS (continued)

Parameter Typical Value

Overlay Support (Note 1) Utilizes SPI interface to load overlay data from external flash/EEPROM
memory with the following features:
�ï Overlay Size 360 x 480 pixel rendered into 720 x 480 pixel display format
�ï Up to four (4) overlays may be blended simultaneously
�ï Selectable readout: Rotating order user selected
�ï Dynamic scenes by loading pre�ïrendered frames from external memory
�ï Palette of 32 colors out of 64,000
�ï 8 colors per bitmap
�ï Blend factor dynamically programmable for smooth transitions
�ï Fast Update rate of up to 30 fps
�ï Every bitmap object has independent x/y position
�ï Statistic Engine to calibrate optical alignment
�ï Number Generator

External Overlay Processing Support Digital input to on�ïchip NTSC encoder allows for external overlay, 
processing by a DSP, or FPGA

Windowing Programmable to any size

Max Analog Gain 0.5–16x

ADC 10�ïbit, on�ïchip

Output Interface
Analog composite video out, single�ïended or differential; 8�ï, 10�ïbit parallel
digital output

Output Data Formats (Note 1) Digital: Raw Bayer 8�ï,10�ïbit, CCIR656, 565RGB, 555RGB, 444RGB

Data Rate Parallel: 27 MB/s

NTSC: 60 fields/sec

PAL: 50 fields/sec

Control Interface Two�ïwire I/F for register interface plus high�ïlevel command exchange. SPI
port to interface to external memory to load overlay data, register settings, 
or firmware extensions.

Input Clock for PLL 27 MHz

SPI Clock Frequencies 4.5 �ï 9.0 �ï 18 MHz, programmable

Supply Voltage Analog: 2.8 V ±5%

Core: 1.8 V ±5%

IO: 2.8 V ±5%

Power Consumption Full resolution at 60 fps: <350 mW2

Package 63�ïBGA, 9 mm x 9 mm, 1 mm pin pitch

Ambient Temperature Operating: –40°C to 105°C

Functional: –40°C to +85°C

Storage: –50°C to +150°C

Dark Current < 200 e/s at 60°C with a gain of 1

Fixed Pattern Noise Column < 2%

Row < 2%

Responsivity 16.5 V/lux�ïs at 550 nm

Signal to Noise Ratio (S/N) 46 dB

Pixel Dynamic Range 74.8 dB

1. Lens distortion correction and graphical overlay is available only in CCIR656 output format.
2. Analog output enabled; parallel output disabled.
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ORDERING INFORMATION 

Table 3. AVAILABLE PART NUMBERS 

Part Number Product Description Orderable Product Attribute Description

MT9V128D00XTCK22BC1�ï200 VGA 1/4” SOC Die Sales, 200 µm Thickness

MT9V128IA3XTC�ïDP VGA 1/4” SOC Dry Pack with Protective Film

MT9V128IA3XTC�ïDR VGA 1/4” SOC Dry Pack without Protective Film

MT9V128IA3XTC�ïTP VGA 1/4” SOC Tape & Reel with Protective Film

MT9V128IA3XTC�ïTR VGA 1/4” SOC Tape & Reel without Protective Film

NEW FEATURES 

Integrated Lens Distortion Correction

€ Eliminates expensive DSP for image correction
€ Can be calibrated for wide�ïangle lenses of up to 180

degree horizontal FOV (field of view)
€ Distortion correction for up to 25% distortion in FOV
€ Perspective correction

� View from elevated angle

Integrated Video Encoder for PAL/NTSC with Overlay
Capability

€ Composite analog output (NTSC/PAL)
€ 8�ïbit parallel digital output ITU�ïR BT.656 format
€ Raw Bayer format
€ Digital input to on�ïchip NTSC encoder to allow

additional processing functions by external DSP or
FPGA

On�ïChip Overlay Generator

€ Static and dynamic overlay graphics with four overlay
planes plus number plane

€ Support for serial SPI memory up to 16 megabytes
€ Number generator

€ Overlay blending and x/y positioning
€ Overlay position adjustment and statistics engine to

calibrate overlay
€ Overlay support utilizes SPI interface to load overlay

data from external Serial Flash/EEPROM to support the
following features:
� Overlay size 360 x 480 pixel rendered into

720 x 480 pixel display format
� Up to four overlays may be blended simultaneously
� Selectable readout: rotating order user selected
� Dynamic scenes by loading pre�ïrendered frames

from external memory
� Palette of 32 colors out of 64,000
� Eight colors per bitmap
� Blend factor dynamically programmable for smooth

transitions
� Fast update rate of up to 30 fps
� Every bitmap object has independent x/y position
� Statistics engine to calibrate optical alignment
� External overlay processing supports digital input to

on�ïchip NTSC encoder; this enables external
overlay processing by a DSP or FPGA



MT9V128

www. onsemi.com
5

GENERAL DESCRIPTION 

The ON Semiconductor MT9V128 is a VGA�ïformat,
single�ïchip CMOS active�ïpixel digital image sensor for
automotive applications. It captures high�ïquality color
images at VGA resolution and outputs NTSC or PAL
interlaced composite video.

The VGA CMOS image sensor features
ON Semiconductor’s breakthrough low�ïnoise CMOS
imaging technology that achieves near�ïCCD image quality
(based on signal�ïto�ï noise ratio and low�ïlight sensitivity)
while maintaining the inherent size, cost, low power, and
integration advantages of ON Semiconductor’s advanced
active pixel CMOS process technology.

The MT9V128 is a complete camera�ïon�ïa�ïchip. It
incorporates sophisticated camera functions on�ïchip and is
programmable through a simple two�ïwire serial interface or
by an attached SPI Flash memory that contains setup
information that may be loaded automatically at startup.

The MT9V128 performs sophisticated processing
functions including color recovery, color correction,
sharpening, programmable gamma correction, auto black
reference clamping, auto exposure, 50 Hz/60 Hz flicker
avoidance, lens shading correction, auto white balance
(AWB), and on�ïthe�ïfly defect identification and correction.

The MT9V128 outputs interlaced�ïscan images at 30 or 25
fps, supporting both NTSC and PAL video formats. The
image data can be output on one or two output ports:
€ Composite analog video (single�ïended and differential

output support)
€ Parallel 8�ï, 10�ïbit digital

The integrated lens correction and overlay generation for
steering guidance eliminates expensive overlay processing
that is usually required by an external DSP; this significantly
reduces overall costs.

ARCHITECTURE 

Internal Block Diagram

Figure 1. Internal Block Diagram

NOTE: The active array is smaller than the sensor array.
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SYSTEM BLOCK DIAGRAM 

The system block diagram will depend on the application.
The system block diagram in Figure 2 shows all
components; optional peripheral components are
highlighted.

Control information will be received by a microcontroller
through the automotive bus, such as LIN or CAN bus, to

communicate with the MT9V128 through its two�ïwire
serial bus. Optional components will vary by application.
For further details, see the MT9V128 Register and Variable
Reference.

Figure 2. System Block Diagram
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Crystal Usage
As an alternative to using an external oscillator, a

fundamental 27 MHz crystal may be connected between
EXTCLK and XTAL. Two small loading capacitors of
15–22 pF of NPO dielectric should be added as shown in
Figure 3.

ON Semiconductor does not recommend using the crystal
option for automotive applications above 85°C. A crystal
oscillator with temperature compensation is recommended.

Figure 3. Using a Crystal Instead of an External Oscillator

EXTCLK

XTAL

18 pF �ïNPO

27.000 MHz

Sensor

18 pF �ïNPO

When using Xtal as the clock source, the internal inverter
circuit has a 100 K bias resistor in parallel to Xtal, which can
be connected or disconnected by register 0x0014 bit[14].

The clockin_bias_en bit is set to 1 by default.

PIN DESCRIPTIONS AND ASSIGNMENTS 

Table 4. PIN DESCRIPTIONS  

Pin Number Pin Name Type Description

CLOCK AND RESET

B1 EXTCLK Input Master input clock (27 MHz): This can either be a square�ïwave generated from an
oscillator (in which case the XTAL input must be left unconnected) or connected
directly to a crystal

B2 XTAL Output If EXTCLK is connected to one pin of a crystal, this signal is connected to the other
pin; otherwise this signal must be left unconnected

C1 RESET_BAR Input Asynchronous active�ïlow reset: When asserted, the device will return all interfaces
to their reset state. When released, the device will initiate the boot sequence

C2 FRAME_SYNC Input This input can be used to set the output timing of the MT9V128 to a fixed point in
the frame.
The input buffer associated with this input is permanently enabled. This signal
should be connected to GND if not used

REGISTER INTERFACE

G3 SCLK Input These two signals implement serial communications protocol for access to the 
internal registers and variables

H3 SDATA Input/OD

H2 SADDR Input This signal controls the device ID that will respond to serial communication 
commands
Two�ïwire serial interface device ID selection: 
0: 0x90
1: 0xBA

SPI INTERFACE

H5 SPI_SCLK Output Clock output for interfacing to an external SPI memory such as Flash/ EEPROM.
Tristate when RESET_BAR is asserted

G5 SPI_SDI Input Data in from SPI device. This signal has an internal pull�ïup resistor

H4 SPI_SDO Output Data out to SPI device. Tristate when RESET_BAR is asserted

G4 SPI_CS_N Output Chip selects to SPI device. Tristated when RESET_BAR is asserted
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Table 4. PIN DESCRIPTIONS (continued)

Pin Number DescriptionTypePin Name

(PARALLEL) PIXEL DATA INPUT

D1 DIN_CLK Input Pixel clock input: Data on DIN[7:0] are sampled at the rising or falling edge of this
clock. (Alternatively, an internal sampling clock may be used)

H1, G1, F1,
G2, F2, E1, E2, D2

DIN[7:0] Input Data coming in on this interface is passed through the overlay blender and to the
video encoder output.
The input buffers associated with inputs 7 to 0 are powered down by default. This
allows these signals to be left unconnected if not required.
These inputs can also be used as general purpose inputs

(PARALLEL) PIXEL DATA OUTPUT

E7 FRAME_VALID Input/Output Pixel data from the MT9V128 can be routed out on this interface and processed
externally.
To save power, these signals are driven to a constant logic level unless the parallel
pixel data output or alternate (GPIO) function is enabled for these pins. For more
information see Table 16.
This interface is disabled by default.
The slew rate of these outputs is programmable.
These signals can also be used as general purpose input/outputs

E6 LINE_VALID Input/Output

E8 PIXCLK Output

C7, B6,
C8, B7,

B8, A6, A7, A8

DOUT[7:0] Output

D7 DOUT_LSB1 Input/Output When the sensor core is running in bypass mode, it will generate 10 bits of output
data per pixel. These two pins make the two LSB of pixel data available externally.
Leave unconnected if not used. To save power, these signals are driven to a
constant logic level unless the sensor core is running in bypass mode or the
alternate function is enabled for these pins. For more information see Table 16,
GPIO Bit Descriptions.
This interface is disabled by default.
The slew rate of these outputs is programmable.

D8 DOUT_LSB0 Input/Output

COMPOSITE VIDEO OUTPUT

B3 DAC_POS Output Positive video DAC output in differential mode.
Video DAC output in single�ïended mode. This interface is enabled by default using
NTSC/PAL signalling. For applications where composite video output is not
required, the video DAC can be placed in a power�ïdown state under software
control

A4 DAC_NEG Output Negative video DAC output in differential mode. Connect to AGND in single�ï ended
mode

A2 DAC_REF Output External reference resistor for the video DAC

MANUFACTURING TEST INTERFACE

D6 TDI Input JTAG Test pin (Reserved for Test Mode)

C6 TDO Output JTAG Test pin (Reserved for Test Mode)

F3 TMS Input JTAG Test pin (Reserved for Test Mode)

F4 TCK Input JTAG Test pin (Reserved for Test Mode)

F5 TRST_N Input Connect to GND

F6 ATEST1 Input Analog test input. Connect to GND in normal operation

G6 ATEST2 Input Analog test input. Connect to GND in normal operation

POWER

C3, D3, E3 VDD Supply Supply for VDD core: 1.8 V nominal

C5, D5, E5 VDD_IO Supply Supply for digital IOs: 2.8 V nominal

A5 VDD_DAC Supply Supply for video DAC: 2.8 V nominal

B5 VDD_PLL Supply Supply for PLL: 2.8 V nominal

G7, G8 VAA Supply Analog power: 2.8 V nominal

F7, F8 VAA_PIX Supply Analog pixel array power: 2.8 V nominal. Must be at same voltage potential as VAA

A3 GND_DAC Supply Video DAC ground

B4, C4, D4, E4 DGND Supply Digital ground

H6, H7, H8 AGND Supply Analog ground
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Pin Assignments
Pin 1 is not populated with a ball. That allows the device

to be identified by an additional marking.

Table 5. PIN ASSIGNMENT 

1 2 3 4 5 6 7 8

A DAC_REF GND_DAC DAC_NEG VDD_DAC DOUT2 DOUT1 DOUT0

B EXTCLK XTAL DAC_POS GND VDD_PLL DOUT6 DOUT4 DOUT3

C RESET_BAR FRAME_SYNC VDD GND VDD_IO TDO DOUT7 DOUT5

D DIN_CLK DIN0 VDD GND VDD_IO TDI DOUT_LSB1 DOUT_LSB0

E DIN2 DIN1 VDD GND VDD_IO LINE_VALID FRAME_VALID PIXCLK

F DIN5 DIN3 TMS TCK TRST_N ATEST1 VAA_PIX VAA_PIX

G DIN6 DIN4 SCLK SPI_CS_N SPI_SDI ATEST2 VAA VAA

H DIN7 SADDR SDATA SPI_SDO SPI_SCLK AGND AGND AGND

Table 6. RESET/DEFAULT STATE OF INTERFACES  

Name Reset State Default State Notes

EXTCLK Clock running or
stopped

Clock running Input

XTAL N/A N/A Input

RESET_BAR Asserted De�ïasserted Input

SCLK N/A N/A Input. Must always be driven to a valid logic level

SDATA High impedance High impedance Input/Output. 
A valid logic level should be established by pull�ïup resistor

SADDR N/A N/A Input. Must always be driven to a valid logic level. 
Must be permanently tied to VDD_IO or GND

SPI_SCLK High impedance. Driven, logic 0 Output. Output enable is R0x0032[9]

SPI_SDI Internal pull�ïup
enabled

Internal pull�ïup enabled Input. Internal pull�ïup is permanently enabled

SPI_SDO High impedance Driven, logic 0 Output enable is R0x0032[9]

SPI_CS_N High impedance Driven, logic 1 Output enable is R0x0032[9]

DINCLK Input buffer powered
down

Input buffer powered down Input. This interface is disabled by default, and the input buffers
are powered down. If this interface is not required, these pins can
be left unconnected (floating)DIN7

DIN6

DIN5

DIN4

DIN3

DIN2

DIN1

DIN0

FRAME_VALID High impedance High impedance Input/Output. This interface disabled by default. Input buffers (used
for GPIO function) powered down by default, so these pins can be
left unconnected (floating). After reset, these pins are powered up,
sampled, then powered down again as part of the
autoconfiguration mechanism. See Note 4

LINE_VALID
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Table 6. RESET/DEFAULT STATE OF INTERFACES (continued)

Name NotesDefault StateReset State

PIXCLK High impedance Driven, logic 0 Output. This interface disabled by default. See Note 3

DOUT7

DOUT6

DOUT5

DOUT4

DOUT3

DOUT2

DOUT1

DOUT0

DOUT_LSB1 High impedance High impedance Input/Output. This interface disabled by default. Input buffers (used
for GPIO function) powered down by default, so these pins can be
left unconnected (floating). After reset, these pins are powered�ïup,
sampled, then powered down again as part of the
autoconfiguration mechanism

DOUT_LSB0 High impedance Driven, logic 0

DAC_POS High impedance Driven Output. Interface disabled by hardware reset and enabled by
default when the device starts streaming

DAC_NEG

DAC_REF

TDI Internal pull�ïup
enabled

Internal pull�ïup enabled Input. Internal pull�ïup means that this pin can be left unconnected
(floating)

TDO High impedance High impedance Output. Driven only during appropriate parts of the JTAG shifter
sequence

TMS Internal pull�ïup
enabled

Internal pull�ïup enabled Input. Internal pull�ïup means that this pin can be left unconnected
(floating)

TCK Internal pull�ïup
enabled

Internal pull�ïup enabled Input. Internal pull�ïup means that this pin can be left unconnected
(floating)

TRST_N N/A N/A Input. Must always be driven to a valid logic level. Must be driven
to GND for normal operation

FRAME_SYNC N/A N/A Input. Must always be driven to a valid logic level. Must be driven
to GND for normal operation

ATEST1 Must be driven to GND for normal operation

ATEST2 Must be driven to GND for normal operation

3. The reason for defining the default state as logic 0 rather than high impedance is this: when wired in a system (for example, on our demo
boards), these outputs will be connected, and the inputs to which they are connected will want to see a valid logic level. No current drain
should result from driving these to a valid logic level (unless there is a pull�ïup at the system level).

4. These pads have their input circuitry powered down, but they are not output�ïenabled. Therefore, they can be left floating but they will not
drive a valid logic level to an attached device.
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SOC DESCRIPTION 

Detailed Architecture Overview

Sensor Core
The sensor consists of a pixel array, an analog readout

chain, a 10�ïbit ADC with programmable gain and black
offset, and timing and control as illustrated in Figure 4.

Figure 4. Sensor Core Block Diagram
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Pixel Array Structure
The sensor core pixel array is configured as 744 columns

by 512 rows, as shown in Figure 5. This includes black rows
and columns.

Figure 5. Pixel Array Description
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The black row data are used internally for the automatic
black level adjustment. However, these black rows can also
be read out by setting the sensor to raw data output mode.

There are 744 columns by 512 rows of optically�ïactive
pixels that include a pixel boundary around the VGA (640
x 480) image to avoid boundary effects during color
interpolation and correction.

The one additional active column and two additional
active rows are used to enable horizontally and vertically
mirrored readout to start on the same color pixel.

Figure 6 illustrates the process of capturing the image. The
original scene is flipped and mirrored by the sensor optics.
Sensor readout starts at the lower right corner. The image is
presented in true orientation by the output display.
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Figure 6. Image Capture Example
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SENSOR PIXEL ARRAY 

The active pixel array is 640 x 480 pixels. In addition,
there are rows and columns for lens alignment and
demosaic.

Not shown in Figure 7 are pixels for black level
calibration.

Figure 7. Sensor Pixel Array

Lens Alignment Pixels �ï12 Rows

Demosaic Pixels�ï4 Rows

Demosaic Pixels �ï 4 Rows

Lens Alignment Pixels �ï12 Rows

Active Pixels

640 Rows, 480 Columns

Le
ns

 A
lig

nm
en

t P
ix

el
s

�ï
16

 C
ol

um
ns

D
em

os
ai

c 
P

ix
el

s
�ï

4 
C

ol
um

ns

D
em

os
ai

c 
P

ix
el

s
�ï4

 C
ol

um
ns

Le
ns

 A
lig

nm
en

t P
ix

el
s�

ï1
6 

C
ol

um
ns

The range of adjustment is from Row 0 to 22 and Column
0 to 30. There are 4 rows/ columns needed to calculate the

RGB values. The window should be moved only at even
numbers.

Figure 8. Pixel Color Pattern Detail (Top Right Corner)
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Output Data Format
The sensor core image data are read out in progressive

scan order. Valid image data are surrounded by horizontal
and vertical blanking, shown in Figure 9.

For NTSC output, the horizontal size is stretched from 640
to 720 pixels. The vertical size is 243 pixels per field; 240

image pixels and 3 dark pixels that are located at the bottom
of the image field.

For PAL output, the horizontal size is also stretched from
640 to 720 pixels. The vertical size is 288 pixels per field.

Figure 9. Spatial Illustration of Image Readout

P0,0 P0,1 P0,2.....................................P0,n�ï1P0,n 00 00 00 .................. 00 00 00
P2,0 P2,1 P2,2.....................................P2,n�ï1P2,n 00 00 00 .................. 00 00 00

Valid Image Odd Field Horizontal
Blanking

Pm�ï2,0Pm�ï2,1.....................................Pm�ï2,n�ï1Pm�ï2,n 00 00 00 .................. 00 00 00
Pm,0 Pm,1.....................................Pm,n�ï1Pm,n 00 00 00 .................. 00 00 00

00 00 00 ..................................... 00 00 00 00 00 00 .................. 00 00 00
00 00 00 ..................................... 00 00 00 00 00 00 .................. 00 00 00

Vertical Even 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

P1,0 P1,1 P1,2.....................................P1,n�ï1P1,n 00 00 00 .................. 00 00 00
P3,0 P3,1 P3,2.....................................P3,n�ï1P3,n 00 00 00 .................. 00 00 00

Valid Image Even Field Horizontal
Blanking

Pm�ï1,0Pm�ï1,1.....................................Pm �ï1,n �ï1Pm�ï1,n 00 00 00 .................. 00 00 00
Pm+1,0 Pm+1,1..................................Pm+1,n�ï1Pm+1,n 00 00 00 .................. 00 00 00

00 00 00 ..................................... 00 00 00 00 00 00 .................. 00 00 00
00 00 00 ..................................... 00 00 00 00 00 00 .................. 00 00 00

Vertical Odd 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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Image Flow Processor
Image and color processing in the MT9V128 are

implemented as an image flow processor (IFP) coded in
hardware logic. During normal operation, the embedded

microcontroller will automatically adjust the operation
parameters. The IFP is broken down into different sections,
as outlined in Figure 10.

Figure 10. Color Pipeline
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Test Patterns
During normal operation of the MT9V128, a stream of

raw image data from the sensor core is continuously fed into
the color pipeline. For test purposes, this stream can be
replaced with a fixed image generated by a special test
module in the pipeline. The module provides a selection of
test patterns sufficient for basic testing of the pipeline.

Test patterns are accessible by programming a register and
are shown in Figure 11. ON Semiconductor recommends
disabling the MCU before enabling test patterns.

Figure 11. Color Bar Test Pattern

Test Pattern Example

Flat Field

Vertical Ramp

Color Bar

Vertical Stripes

Pseudo�ïRandom
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NTSC/PAL Test Pattern Generation
There is a built�ïin standard EIA (NTSC) and EBU (PAL)

color bars to support hue and color saturation
characterization. Each pattern consists of seven color bars
(white, yellow, cyan, green, magenta, red, and blue). The Y,
Cb and Cr values for each bar are detailed in Tables 7 and 8.

The test pattern is invoked through a Host Command call
to the TX Manager. See the MT9V128 Host Command
Specification.

Figure 12. Color Bars

Table 7. EIA COLOR BARS (NTSC) 

Nominal Range White Yellow Cyan Green Magenta Red Blue

Y 16 to 235 180 162 131 112 84 65 35

Cb 16 to 240 128 44 156 72 184 100 212

Cr 16 to 240 128 142 44 58 198 212 114

Table 8. EBU COLOR BARS (PAL) 

Nominal Range White Yellow Cyan Green Magenta Red Blue

Y 16 to 235 235 162 131 112 84 65 35

Cb 16 to 240 128 44 156 72 184 100 212

Cr 16 to 240 128 142 44 58 198 212 114

CCIR�ï656 Format
The color bar data is encoded in 656 data streams. The

duration of the blanking and active video periods of the
generated 656 data are summarized in the following tables.

Table 9. NTSC 

Line Numbers Field Description

1�ï3 2 Blanking

4�ï19 1 Blanking

20�ï263 1 Active video

264�ï265 1 Blanking

266�ï282 2 Blanking

283�ï525 2 Active Video
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Table 10. PAL 

Line Numbers Field Description

1�ï22 1 Blanking

23�ï310 1 Active video

311�ï312 1 Blanking

313�ï335 2 Blanking

336�ï623 2 Active video

624�ï625 2 Blanking

Black Level Subtraction and Digital Gain
Image stream processing starts with black level

subtraction and multiplication of all pixel values by a
programmable digital gain. Both operations can be
independently set to separate values for each color channel
(R, Gr, Gb, B). Independent color channel digital gain can
be adjusted with registers. Independent color channel black
level adjust�ï ments can also be made. If the black level
subtraction produces a negative result for a particular pixel,
the value of this pixel is set to 0.

Positional Gain Adjustments (PGA)
Lenses tend to produce images whose brightness is

significantly attenuated near the edges. There are also other
factors causing fixed pattern signal gradients in images
captured by image sensors. The cumulative result of all these
factors is known as image shading. The MT9V128 has an
embedded shading correction module that can be
programmed to counter the shading effects on each
individual R, Gb, Gr, and B color signal.

The Correction Function
The correction functions can then be applied to each pixel

value to equalize the response across the image as follows:
Pcorrencted(row, col) � Psensor(row, col) � †(row, col) (eq. 1)

where P are the pixel values and f is the color dependent
correction functions for each color channel.

Color Interpolation
In the raw data stream fed by the sensor core to the IFP,

each pixel is represented by a 10�ïbit integer number, which
can be considered proportional to the pixel’s response to a
one�ïcolor light stimulus, red, green, or blue, depending on
the pixel’s position under the color filter array. Initial data
processing steps, up to and including the defect correction,
preserve the one�ïcolor�ïper�ïpixel nature of the data stream,

but after the defect correction it must be converted to a
three�ïcolors�ïper�ïpixel stream appropriate for standard
color processing. The conversion is done by an
edge�ïsensitive color interpolation module. The module
pads the incomplete color information available for each
pixel with information extracted from an appropriate set of
neighboring pixels. The algorithm used to select this set and
extract the information seeks the best compromise between
preserving edges and filtering out high frequency noise in
flat field areas. The edge threshold can be set through
register settings.

Color Correction and Aperture Correction
To achieve good color fidelity of the IFP output,

interpolated RGB values of all pixels are subjected to color
correction. The IFP multiplies each vector of three pixel
colors by a 3 x 3 color correction matrix. The three
components of the resulting color vector are all sums of three
10�ïbit numbers. Since such sums can have up to 12
significant bits, the bit width of the image data stream is
widened to 12 bits per color (36 bits per pixel). The color
correction matrix can be either programmed by the user or
automatically selected by the auto white balance (AWB)
algorithm implemented in the IFP. Color correction should
ideally produce output colors that are corrected for the
spectral sensitivity and color crosstalk characteristics of the
image sensor. The optimal values of the color correction
matrix elements depend on those sensor characteristics and
on the spectrum of light incident on the sensor. The color
correction variables can be adjusted through register
settings.

To increase image sharpness, a programmable 2D
aperture correction (sharpening filter) is applied to
color�ïcorrected image data. The gain and threshold for 2D
correction can be defined through register settings.
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Gamma Correction
The MT9V128 IFP includes a block for gamma correction

that can adjust its shape based on brightness to enhance the
performance under certain lighting conditions. Two custom
gamma correction tables may be uploaded corresponding to
a brighter lighting condition and a darker lighting condition.
At power�ïup, the IFP loads the two tables with default
values. The final gamma correction table used depends on
the brightness of the scene and takes the form of an
interpolated version of the two tables.

The gamma correction curve (as shown in Figure 13) is
implemented as a piecewise linear function with 19 knee
points, taking 12�ïbit arguments and mapping them to 8�ïbit
output. The abscissas of the knee points are fixed at 0, 64,
128, 256, 512, 768, 1024, 1280, 1536, 1792, 2048, 2304,
2560, 2816, 3072, 3328, 3584, 3840, and 4096. The 8�ïbit
ordinates are programmable through IFP registers.

Figure 13. Gamma Correction Curve

RGB to YUV Conversion
For further processing, the data is converted from RGB

color space to YUV color space.

Color Kill
To remove high�ïor low�ïlight color artifacts, a color kill

circuit is included. It affects only pixels whose luminance
exceeds a certain preprogrammed threshold. The U and V
values of those pixels are attenuated proportionally to the
difference between their luminance and the threshold.

YUV Color Filter
As an optional processing step, noise suppression by

one�ïdimensional low�ïpass filtering of Y and/or UV signals

is possible. A 3�ï or 5�ïtap filter can be selected for each
signal.

YUV�ïto �ïRGB/YUV Conversion and Output Formatting
The YUV data stream emerging from the scaling module

can either exit the color pipe�ï line as�ïis or be converted
before exit to an alternative YUV or RGB data format.

Output Format and Timing

YUV/RGB Data Ordering
The MT9V128 supports swapping YCbCr mode, as

illustrated in Table 11.

Table 11. YCbCr  OUTPUT DATA ORDERING 

Mode Data Sequence

Default (no swap) Cbi Yi Cri Yi+1

Swapped CbCr Cri Yi Cbi Yi+1

Swapped YC Yi Cbi Yi+1 Cri

Swapped CbCr, YC Yi Cri Yi+1 Cbi

The RGB output data ordering in default mode is shown
in Table 12. The odd and even bytes are swapped when

luma/chroma swap is enabled. R and B channels are
bit�ïwise swapped when chroma swap is enabled.
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Table 12. RGB ORDERING IN DEFAULT MODE 

Mode (Swap Disabled) Byte D7D6D5D4D3D2D1D0

565RGB Odd R7R6R5R4R3G7G6G5

Even G4G3G2B7B6B5B4B3

555RGB Odd 0 R7R6R5R4R3G7G6

Even G5G4G3B7B6B5B4B3

444xRGB Odd R7R6R5R4G7G6G5G4

Even B7B6B5B4 0 0 0 0

x444RGB Odd 0 0 0 0 R7R6R5R4

Even G7G6G5G4B7B6B5B4

Uncompressed 10�ïBit Bypass Output
Raw 10�ïbit Bayer data from the sensor core can be output

in bypass mode in two ways:
€ Using 8 data output signals (DOUT[7:0]) and

GPIO[1:0]. The GPIO signals are the least significant 2
bits of data

€ Using only 8 signals (DOUT[7:0]) and a special 8 + 2
data format, shown in Table 13

Table 13. 2 �ïBYTE BAYER FORMAT 

Byte Bits Used Bit Sequence

Odd bytes 8 data bits D9D8D7D6D5D4D3D2

Even bytes 2 data bits + 6 unused bits 0 0 0 0 0 0 D1D0

Readout Formats
Progressive format is used for raw Bayer output.

Output Formats

ITU�ïR BT.656 and RGB Output
The MT9V128 can output processed video as a standard

ITU�ïR BT.656 (CCIR656) stream, an RGB stream, or as
unprocessed Bayer data. The ITU�ïR BT.656 stream
contains YCbCr 4:2:2 data with fixed embedded
synchronization codes. This output is typically suitable for
subsequent display by standard video equipment or
JPEG/MPEG compression.

Colorpipe data (pre�ïlens correction and overlay) can also
be output in YCbCr 4:2:2 and a variety of RGB formats in
640 by 480 progressive format in conjunction with
LINE_VALID and FRAME_VALID.

The MT9V128 can be configured to output 16�ïbit RGB
(565RGB), 15�ïbit RGB (555RGB), and two types of 12�ïbit
RGB (444RGB). Refer to Table 31 and Table 32 for details.

Bayer Output
Unprocessed Bayer data are generated when bypassing

the IFP completely—that is, by simply outputting the sensor
Bayer stream as usual, using FRAME_VALID,
LINE_VALID, and PIXCLK to time the data. This mode is
called sensor stand�ïalone mode.

Output Ports

Composite Video Output
The composite video output DAC is

external�ïresistor�ïprogrammable and supports both
single�ïended and differential output. The DAC is driven by
the on�ïchip video encoder output.

Parallel Output
Parallel output uses either 8�ïbit or 10�ïbit output.

Eight�ïbit output is used for ITU�ïR BT.656 and RGB output.
Ten�ïbit output is used for raw Bayer output.
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USAGE MODES 

How a camera based on the MT9V128 will be configured
depends on what features are used. In the simplest case, only
an MT9V128 plus an external flash memory, or an 8�ïbit
microcontroller (°C) might be sufficient. A back�ïup camera
with dynamic input from the steering system will require
a°C with a system bus interface such as a CAN bus or a LIN
bus. Flash sizes vary depending on the data for registers,
firmware, and overlay data �ï somewhere between 10 Kb to
16 MB. The two�ïwire bus is adequate since only high�ïlevel
commands are used to invoke overlays, load registers from
memory, or set up lens correction parameters. Overlay data

can alternatively be issued by the external °C if the rate of
refreshing data is deemed adequate. If there are no
commands in the Flash image the device can be in auto
configuration mode by which the sensor is set up according
to the status of pins FRAME_VALID, LINE_VALID and
DOUT_LSB0. For further information, see
“Auto�ïConfiguration”.

In the simplest case no Flash memory or °C is required, as
shown in Figure 14. This is truly a single chip operation.

NOTE: Because mandatory patches must be loaded, the
Auto�ïConfig mode is not recommended.

Figure 14. Auto �ïconfig Mode

Analog Out

MT9V128

Auto-Config Mode

Digital Out

The MT9V128 can be configured by a serial Flash
through the SPI Interface.

Figure 15. Flash Mode

MT9V128

SPI

Serial Flash

Overlay functions can also be assigned to general purpose
inputs. For instance, a proximity sensor would call up a
warning message. That capability can be employed on all
configurations with external Flash memory by mapping
overlay images to an input.

Alternatively, the °C may poll these inputs to create an
action such as a new overlay as shown in Figure 16.

Figure 16. Usage Mode 3

SPI

Serial Flash
MT9V128

GPI[7:0]

Proximity 
Sensor
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Typically, an automotive bus such as CAN or LIN bus will
be connected to a rear�ïview camera for the purpose of
dynamically providing steering information that will in turn

be translated into overlay images being called by the °C as
shown in Figure 17.

Figure 17. Host Mode with Flash

CAN/LIN Bus Two�ïwire SPI

MT9V128
Serial Flash

8/16 bit µC

Overlay information may also be passed by the °C without
a need for a Flash memory. However, because the data
transfer rate is limited over the two�ïwire serial bus, the
update rate may be slower. However, if overlay images are

preloaded into the four on�ï chip buffers, they may be turned
on and off or move location at the frame rate as shown in
Figure 18.

Figure 18. Host Mode

CAN/LIN Bus Two�ïwire

8/16 bit µC MT9V128
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EXTERNAL OVERLAY 

In addition to the on�ïchip overlay generator, an externally
generated overlay may be superimposed onto the video
output.

Figure 19. External Overlay System Block Diagram

LP filter
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MULTICAMERA SUPPORT 

Two or more MT9V128 sensors may be synchronized to
a frame by asserting the FRAME_SYNC signal. At that
point, the sensor and video encoder will reset without

affecting any register settings. The MT9V128 may be
triggered to be synchronized with another MT9V128 or an
external event.

Figure 20. Multicamera System Block Diagram
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EXTERNAL SIGNAL PROCESSING 

An external signal processor can take data from ITU656
or raw Bayer output format and post�ïprocess or compress
the data in various formats.

Figure 21. External Signal Processing Block Diagram
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Device Configuration
After power is applied and the device is out of reset by

de�ïasserting the RESET_BAR pin, it will enter a boot
sequence to configure its operating mode. There are
essentially four modes, two when Flash is present and two
when Flash is not present. Figure 22: “Power�ïUp Sequence
– Configuration Options Flow Chart,” contains more details
on the configuration options.

If Flash is present and:
€ A valid Flash device identifier is detected AND the

Flash device contains valid configuration records, then
� Disable Auto�ïConfig
� Parse Flash Content
� Load Flash Configuration �ï>Flash Configuration

Mode
€ A valid Flash device identifier is detected BUT the

Flash device DOES NOT contain valid configuration
records, then
� Enter Auto Configuration

If Flash is not present and:
€ SPI_SDI == 0, then

� Enter Host Configuration
€ SPI_SDI != 0, then

� Enter Auto Configuration

Auto �ïConfiguration
The device supports an auto�ïconfiguration feature.

During system start�ïup, the device first detects whether an
SPI Flash device is attached to the MT9V128. If not, it will
then sample the state of a number of GPI inputs including
FRAME_VALID, LINE_VALID and DOUT_LSB0. For
more information, see Table 16, “GPIO Bit Descriptions”.
The state of these inputs then determines the configuration
of a number of subsystems of the device such as readout
mode, pedestal and video format, respectively.

The auto�ïconfiguration feature can be disabled by
grounding the SPI_DIN pin. The device samples the state of
this pin during the Flash device detection process. If no SPI
Flash device is detected (read device ID of 0x00 or 0xFF),
OR the SPI_DIN pin is grounded, then auto�ïconfiguration is
disabled.

Flash Configuration Mode
If a valid Flash is detected (by reading device ID other

than 0x00 or 0xFF) and the flash device contains valid
configuration records, then these configuration records are
processed.

Host Configuration
This mode is entered if the SPI_DIN pin is grounded. The

SOC performs no configuration, and remains idle waiting
for configuration and instruction from the host.
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Power Sequence
In power�ïup, the core voltage (1.8 V) must trail the IO

(2.8 V) by a positive number. All 2.8 V rails can be turned
on at the same time or follow the power�ïup sequence in
Figure 54: “Power Up Sequence”.

In power down, the sequence is reversed. The core voltage
(1.8 V) must be turned off before any 2.8 V. Refer to
Figure 55: “Power Down Sequence”, for details.

Figure 22. Power �ïUp Sequence – Configuration Options Flow Chart
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Supported SPI Devices
Table 14 lists supported Flash devices. Devices not

compatible will require a firmware patch. Contact
ON Semiconductor for additional support.

Table 14. SPI FLASH DEVICES 

Type Density Manufacturer Device Speed (MHz) Standard
Temp Range

(� F) Supported

Flash 8 MB Atmel AT26DF081A 70 JEDEC/Device ID –20 to +85 Yes

Flash 1 MB ST M25P10�ïAVMB3 50 –40 to +125 Yes
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Supported SPI Commands
The SPI commands shown in Table 15 are supported by

the MT9V128.

Table 15. SPI COMMANDS SUPPORTED 

Command Value

Read Array 0x03

Block Erase 0xD8

Chip Erase 0xC7

Read Status 0x05

Write status 0x01

Byte Page Program 0x02

Write Enable 0x06

Write Disable 0x04

Read Manufacturer and Device ID 0x9F

(Fast) Read Array 0x0B

Table 16. GPIO BIT DESCRIPTIONS 

GPI[2] (DOUT_LSB0)
GPI[1]

(FRAME_VALID) GPI[0] (LINE_VALID)

Low (“0”) NTSC Normal No pedestal

High (“1”) PAL Horizontal mirror Pedestal
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Host Command Interface
ON Semiconductor’s sensors and SOCs contain

numerous registers that are accessed through a two�ïwire
interface with speeds up to 400 kHz.

The MT9V128, in addition to writing or reading straight
to/from registers or firmware variables, has a mechanism to
write higher level commands, the Host Command Interface
(HCI). Once a command has been written through the HCI,
it will be executed by on chip firmware and the results are

reported back. In general, registers shall not be accessed
with the exception of registers that are marked for “User
Access.”

Flash memory is also available to store commands for
later execution. Under DMA control, a command is written
into the SOC and executed.

For a complete spec on host commands, refer to the
MT9V128 Host Command Interface Specification.

Figure 23. Interface Structure

bit 15 14 0

command register

door bell

bit 15 0

Addr 0xFC00

Addr 0xFC02

Addr 0xFC04

Addr 0xFC06

Addr 0xFC08

Addr 0xFC0A

Addr0xFC0C

Addr 0xFC0E

cmd_handler_params_pool_0

cmd_handler_params_pool_1

cmd_handler_params_pool_2

cmd_handler_params_pool_3

cmd_handler_params_pool_4

cmd_handler_params_pool_5

cmd_handler_params_pool_6

cmd_handler_params_pool_7

Addr 0x40
Host Command to FW
Responsefrom FW

1
0

Parameter 0

`

`

`

```

`

`

`

Parameter 7

`












































































