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Micron Confidential and Proprietary Advance‡
1/4-Inch 3.1Mp System-On-A-Chip (SOC) 
CMOS Digital Image Sensor
MT9T111
For the latest data sheet, refer to Micron’s Web site: www.micron.com/imaging
Features
• DigitalClarity® CMOS imaging technology
• Superior low-light performance
• Ultra-low-power, low-cost
• Dual camera bridging support with MT9V013
• Motion adaptive exposure
• One time programmable (OTP) memory
• Parallel data ouput and serial mobile industry 

processor interface (MIPI) data output
• Integrated real-time JPEG encoder
• Flexible support for external auto focus, optical 

zoom, and mechanical shutter
• Internal master clock generated by on-chip phase- 

locked loop (PLL) oscillator
• Electronic rolling shutter (ERS), progressive scan
• Integrated image flow processor (IFP) for single-die 

camera module
• Automatic image correction and enhancement
• Selectable output data format: YCbCr, 565RGB, 

555RGB, 444RGB, JPEG 4:2:2, processed Bayer, 
RAW8- and RAW10-bit

• Output FIFO for data rate equalization
• Programmable I/O slew rate
• Xenon and LED flash support with fast exposure 

adaptation
• Configurable gamma correction based on scene 

brightness
• Arbitrary image scaling with anti-aliasing
• Two-wire serial interface providing access to 

registers and microcontroller memory

Applications
• Cellular phones
• PC cameras
• PDAs
‡Products and specifications discussed herein are for evaluatio
Micron without notice. Products are only warranted by Micr
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Ordering Information

Table 1: Key Performance Parameters

Parameter Value

Optical format 1/4-inch (4:3)
Full resolution 2048 x 1536 pixels (QXGA)
Pixel size 1.75µm x 1.75µm
Dynamic range 67.4dB (preliminary)
SNR MAX 38dB (preliminary)
Responsivity 0.44 V/lux-sec (preliminary)
Chief ray angle 24.99° MAX at 80% image 

height
Color filter array RGB Bayer pattern
Active pixel array area 3.62mm x 2.73mm
Shutter type Electronic rolling shutter (ERS)
Input clock frequency 6−54 MHz
Maximum frame rate 15 fps at full resolution (JPEG), 

30 fps in preview mode
Maximum pixel data 
output

48 Mp/s

Maximum pixel clock 
frequency

96 MHz

Supply voltage

Analog 2.5−3.1V
Digital 1.7−1.95V
I/O 1.7−3.1V
PLL 2.5−3.1V
MIPI 1.7–1.95V

ADC resolution 10-bit, on-die

Power 
consumption

TBD at 15 fps, full resolution
TBD at 30 fps, preview mode
20µA, standby at +70°C

Operating temperature –30°C to +70°C (at junction)

Table 2: Available Part Numbers

Part Number Description

MT9T111D00STCK26AC1 Bare die
n and reference purposes only and are subject to change by 
on to meet Micron’s production data sheet specifications. 

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©2007 Micron Technology, Inc. All rights reserved.
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MT9T111 Overview
The MT9T111 has a color image sensor with a Bayer color filter arrangement and a 
3.1Mp active-pixel array with electronic rolling shutter (ERS). The sensor core readout is 
10-bit, supports skipping and binning, and can be flipped and/or mirrored. The sensor 
core also supports separate analog and digital gain for all four color channels 
(R, Gr, Gb, B). 

The MT9T111 also has an embedded phase-locked loop oscillator (PLL) that can 
generate the internal sensor clock from the common clock signals available in typical 
mobile phone systems. When in use, the PLL adjusts the incoming clock frequency up, 
allowing the MT9T111 to run at almost any desired resolution and frame rate within the 
sensor's capabilities. The PLL can be bypassed and powered down to reduce power 
consumption. 

The MT9T111 has numerous power-conserving features including an soft standby mode 
and a hard standby mode. The soft standby mode consumes less power than normal 
operation while retaining the internal registers and variables states. The hard standby 
mode allows the internal power bus to be disabled.

The MT9T111 can be used with either a serial MIPI interface or the parallel data output 
interface, which has a programmable I/O slew rate to minimize EMI and an output FIFO 
to eliminate output data bursts. JPEG format can be outputted in both the MIPI and the 
parallel data output interfaces. In addition to the MIPI output interface, the MT9T111 
also contains a MIPI input interface to enable a dual camera configuration with the 
MT9V013. This allows the MT9V013 to use the image pipeline of the MT9T111 for 
processing.

The advanced image flow processor (IFP) and flexible programmability of the MT9T111 
provide a variety of ways to enhance and optimize the image sensor performance. Built-
in optimization algorithms enable the MT9T111 to operate at factory settings as a fully 
automatic, highly adaptable camera; however, most of its settings are user-program-
mable. 

These algorithms include black level conditioning, shading correction, defect correc-
tion, noise reduction, color interpolation, color correction, aperture correction, and 
image formatting such as cropping and scaling.

The MT9T111 also includes a sequencer that coordinates all events triggered by the user. 
The sequencer manages auto focus, auto white balance, flicker detection, motion adap-
tive exposure, and auto exposure for the different operating modes, which include 
preview, still capture, video, and snapshot with flash. 

All modes of operation are individually configurable and are organized as two contexts. 
A context is defined by sensor image size, frame rate, resolution, and other associated 
parameters. The user can switch between the two contexts by sending a command 
through the two-wire serial interface.

A two-wire serial register interface bus enables read/write access to control registers, 
variables, and special function registers within the MT9T111. The hardware registers 
include sensor core controls, color pipeline controls, and output controls. 

The general purpose I/Os can be configured to allow the user extended platform func-
tionality or achieve a 10-bit parallel output.
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Signal Description
Table 3 provides the signal descriptions for the MT9T111.

Table 3: Signal Descriptions

Name Type Description Notes

STANDBY Input Controls sensor’s standby mode, active HIGH.
RESET_BAR Input Master reset signal, active LOW (can be left floating if not used).
EXTCLK Input Input clock signal 6–54 MHz.
RX_DN Input Differential MIPI data from the MT9V013 (sub-LVDS, negative) (must be left 

floating if not used).
RX_DP Input Differential MIPI data from the MT9V013 (sub-LVDS, positive) (must be left 

floating if not used).
RX_CN Input Differential MIPI clock from the MT9V013 (sub-LVDS, negative) (must be left 

floating if not used).
RX_CP Input Differential MIPI clock from the MT9V013 (sub-LVDS, positive) (must be left 

floating if not used).
VPP Input High voltage programming pin for anti-fuse of module ID (must be left floating 

for normal operation).
SCLK Input Slave two-wire serial interface clock from the host processor.
SADDR Input Selects device address for the slave two-wire serial interface. The address is 0x78 

when SADDR is tied LOW, 0x7A if tied HIGH.
SDATA I/O Slave two-wire serial interface data to and from the host processor.
SCLK_2 Output Master two-wire serial interface clock to the MT9V013 and peripheral devices 

like AF mechanics.
SDATA_2 I/O Master two-wire serial interface data to and from the MT9V013 and peripheral 

devices like AF mechanics.
GPIO[3:0] I/O General purpose digital I/O, could be configured for FLASH/SHUTTER/

DOUT_LSB0/DOUT_LSB1/OE_BAR.
VGPIO[7:0] I/O General purpose digital I/O, used for auto focus function (can be left floating if 

not used).
DOUT[7:0] Output Eight-bit image data output or most significant bits (MSB) of 10-bit sensor 

bypass mode.
PIXCLK Output Pixel clock. Used for sampling DOUT, FRAME_VALID, and LINE_VALID.
LINE_VALID Output Identifies pixels in the active line.
FRAME_VALID Output Identifies rows in the active image.
DOUT_N Output Differential MIPI data (sub-LVDS, negative) (must be left floating if not used).
DOUT_P Output Differential MIPI data (sub-LVDS, positive) (must be left floating if not used).
CLK_N Output Differential MIPI clock (sub-LVDS, negative) (must be left floating if not used).
CLK_P Output Differential MIPI clock (sub-LVDS, positive) (must be left floating if not used).
RESET_BAR_OUT Output Master reset signal to the MT9V013, active LOW.
EXTCLK_OUT Output Input clock signal to the MT9V013.
STANDBY_OUT Output Standby mode control for the MT9V013, active HIGH.
VDD Supply Digital power (1.8V typical).
VAA_PIX Supply Pixel array power (2.8V typical).
VAA Supply Analog power (2.8V typical).
VDD_PLL Supply PLL power (2.8V typical).
VDD_IO Supply I/O power supply (1.8V or 2.8V typical).
GND_IO Supply I/O ground.
PDF: 09005aef8243b7cd/Source: 09005aef8243b8ab Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT9T111_DS_2_features.fm - Rev. A 4/07 EN 8 ©2007 Micron Technology, Inc. All rights reserved.



 MT9T111: 1/4-Inch 3.1Mp SOC Digital Image Sensor
Signal Description

Micron Confidential and Proprietary Advance
Notes: 1. AGND and DGND are not connected internally (inside the chip).

DGND Supply Digital ground. 1

AGND Supply Analog ground. 1

VDDIO_TX Supply I/O power supply for the MIPI output interface, 1.8V typical, (must be left 
floating if not used).

GNDIO_TX Supply I/O ground supply for the MIPI output interface (must be left floating if not 
used).

VDDIO_RX Supply I/O power supply for the MIPI input interface, 1.8V typical, (must be connected 
even if the interface is not used).

GNDIO_RX Supply I/O ground supply for the MIPI input interface (must be connected even if the 
interface is not used).

VDD_VGPIO Supply I/O power supply for VGPIO[7:0] signals (can be left connected if the interface is 
not used).

GND_VGPIO Supply I/O ground for VGPIO[7:0].

Table 3: Signal Descriptions

Name Type Description Notes
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Typical Connections
Figure 1 shows typical MT9T111 device connections. For low-noise operation, the 
MT9T111 requires separate power supplies for analog and digital. Incoming digital and 
analog ground conductors can be tied together next to the die. Both power supply rails 
should be decoupled from ground using capacitors as close as possible to the die. The 
use of inductance filters is not recommended on the power supplies or output signals.

The MT9T111 also supports different digital core (VDD/DGND), MIPI output power 
(VDDIO_TX/GNDIO_TX), MIPI input power VDDIO_RX/GNDIO_RX), and I/O power 
(VDD_IO/GND_IO) power domains that can be at different voltages. The PLL requires a 
clean power source (VDD_PLL). 
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Figure 1:  Typical Configuration1 (connection)

It is recommended that 0.1µF and 1µF decoupling capacitors for each power supply are mounted as close 
as possible to the pad. Actual values and results may vary depending on layout and design considerations.
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Notes: 1. This typical configuration shows only one scenario out of multiple possible variations for 
this sensor.

2. If a MIPI Interface is not required, the following pads must be left floating: DOUT_P, 
DOUT_N, CLK_P, CLK_N, and VDDIO_TX, and GNDIO_TX.

3. The GPIO pads can serve multiple features that can be reconfigured. The function and direc-
tion will vary by applications.

4. Only one of the output modes (serial or parallel) can be used at any time.
5. A resistor value of 1.5KΩ to VDD_IO is recommended for the two-wire serial interface RPULL-

UP; however, greater values may be used for slower transmission speed.
6. VAA and VAA_PIX must be tied together.
7. VPP is the one-time programmable (OTP) memory programming voltage and should be left 

floating during normal operation.
8. If the bridging function to the MT9V013 is not required, the following signals can be left 

floating: EXTCLK_OUT, RESET_BAR_OUT, STANDBY_OUT, RX_DP, RX_DN, RX_CP, and 
RX_CN.

9. If auto focus is not required, the following pads can be floating: VDD_VGPIO, GND_VGPIO 
and VGPIO[7:0].

10. It is recommended that 0.1µF and 1µF decoupling capacitors for each power supply are 
mounted as close as possible to the pad. Actual values and results may vary depending on 
layout and design considerations.
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Architecture Overview
The MT9T111 combines a 3.1Mp sensor core together with an image flow processor 
(IFP) to form a stand-alone solution that includes both image acquisition and 
processing. Both the sensor core and the IFP have internal registers that can be 
controlled by the user. In normal operation though, an integrated microcontroller 
controls most aspects of operation autonomously. The IFP can also accept its image 
input from the MT9V013 sensor, allowing the MT9V013 image data to be processed for 
dual camera applications.The processed image data is transmitted to the host system 
either through a parallel bus or a serial data interface through the output interface.

Figure 2:  SOC Block Diagram
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Sensor Core Description
The sensor core of the MT9T111 is a progressive-scan sensor that generates a stream of 
pixel data at a constant frame rate, qualified by LINE_VALID (LV) and FRAME_VALID 
(FV). The maximum pixel rate is 48 Mp/s, corresponding to a pixel clock rate of 96 MHz. 
Figure 3 on page 15 shows a block diagram of the sensor core. It includes a 3.1Mp active-
pixel array. The timing and control circuitry sequences through the rows of the array, 
resetting and then reading each row in turn. In the time interval between resetting a row 
and reading that row, the pixels in the row integrate incident light. The exposure is 
controlled by varying the time interval between reset and readout. Once a row has been 
read, the data from the columns is sequenced through an analog signal chain (providing 
offset correction and gain), and then through an ADC. The output from the ADC is a 10-
bit value for each pixel in the array.

The pixel array contains optically active and light-shielded (dark) pixels. The dark pixels 
are used to provide data for the offset-correction algorithms (black level control).

The sensor core contains a set of control and status registers that can be used to control 
many aspects of the sensor behavior including the frame size, exposure, and gain 
setting. These registers are controlled by the SOC firmware and can be accessed through 
a two-wire serial interface. Register values written to the sensor core maybe overwritten 
by firmware.

The output from the core is a Bayer pattern; alternate rows are a sequence of either 
green and red pixels or blue and green pixels. The offset and gain stages of the analog 
signal chain provide per-color control of the pixel data.

A flash strobe output signal is provided to allow an external Xenon or LED light source to 
synchronize with the sensor exposure time. Additional I/O signals support the provision 
of an external mechanical shutter.
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Figure 3:  Sensor Core Block Diagram
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Pixel Array

The sensor core uses a Bayer color pattern, as shown in Figure 4. 

Figure 4:  Pixel Color Pattern Detail (Top Right Corner) 

Default Readout Order

When the sensor is operating in a system, the active surface of the sensor faces the scene 
as shown in Figure 5. 

When the image is read out of the sensor, it is read one row at a time, with the rows and 
columns sequenced. By convention, data from the sensor is shown with the first pixel 
read out in the case of the sensor core in the top left corner.

Figure 5:  Imaging a Scene
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PLL

PLL-Generated Master Clock

The PLL can generate a pixel clock signal whose frequency is up to 96 MHz, using a 
EXTCLK input of 6 through 54 MHz. The PLL must be enabled for EXTCLK input below 
8 MHz. 

PLL Setup

Because the input clock frequency is unknown, the sensor starts up with the PLL 
disabled. The PLL takes time to power up. The behavior of its output clock signal is not 
guaranteed. 

Digital Processing

Readout Options 

The sensor core supports different readout options to modify the image before it is sent 
to the IFP. The readout can be limited to a specific window of the original pixel array. 

For preview modes, the sensor core supports both skipping and binning in x and y direc-
tions. 

By changing the readout direction the image can be flipped in the vertical and/or 
mirrored in the horizontal.

Window Size

The image output size is set using software variables. The edge pixels in the 2068 x 1556 
array are present to avoid edge defects and should not be included in the visible 
window. Binning will change the image output size.
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Readout Modes

Horizontal Mirror

When the sensor is configured to mirror the image horizontally, the order of pixel 
readout within a row is reversed. Figure 6 shows a sequence of 6 pixels being read out 
with normal readout and reverse readout. This change in sensor core output is corrected 
for by the SOC.

Figure 6:  Six Pixels in Normal and Column Mirror Readout Modes

Vertical Flip

When the sensor is configured to flip the image vertically, the order in which pixel rows 
are read out is reversed. Figure 7 shows a sequence of 6 rows being read out with normal 
readout and reverse readout. This change in sensor core output is accounted for by the 
SOC.

Figure 7:  Six Rows in Normal and Row Mirror Readout Modes

Column and Row Skip

The sensor core supports subsampling. Subsampling reduces the amount of data 
processed by the analog signal chain in the sensor and thereby allows the frame rate to 
be increased. This reduces the amount of row and column data processed and is equiva-
lent to the skip2 readout mode provided by earlier Micron imaging sensors. When 
enabling subsampling, the proper image output and crop sizes must be updated before-
hand. 
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Figure 8:  Eight Pixels in Normal and Column Skip 2X Readout Modes

Pixel Readouts
The following diagrams show a sequence of data being read out with no skipping. The 
effect of the different subsampling on the pixel array readout is shown in Figures 9 
through 13.

Figure 9:  Pixel Readout (no skipping)
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Figure 10:  Pixel Readout (column skipping)

Figure 11:  Pixel Readout (row skipping)
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Figure 12:  Pixel Readout (column and row skipping)

Programming Restrictions When Skipping

When skipping is enabled as a viewfinder mode, and the sensor is switched back and 
forth between full resolution and skipping, it is recommended that the same integration 
time be kept constant between the two modes.

When subsampling is enabled, it may be necessary to adjust the sensor window size. The 
values for these registers are required to correspond with rows and / or columns that 
form part of the subsampling sequence.

Table 5 on page 23 shows the row address sequencing for normal and subsampled 
readout. The same sequencing applies to column addresses for subsampled readout. 
There are two possible subsampling sequences (because the subsampling sequence 
reads only half of the rows and columns) depending upon the alignment of the start 
address. 

Table 4: Row Address Sequencing (Sampling)

Normal Subsampled Sequence 1 Subsampled Sequence 2

0 0 No data
1 1 No data
2 No data 2
3 No data 3
4 4 No data
5 5 No data
6 No data 6
7 No data 7

X Incrementing

Y Incrementing
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Binning

The MT9T111 sensor core supports 2 x 1 and 2 x 2 analog binning (column binning, also 
called x-binning and row/column binning, also called xy-binning). Binning has many of 
the same characteristics as subsampling but because it gathers image data from all 
pixels in the active window (rather than a subset of them), it achieves superior image 
quality and avoids the aliasing artifacts that can be a characteristic side effect of 
subsampling.

Binning is enabled by selecting the appropriate subsampling settings. Subsampling may 
require sensor window size adjustment when binning is enabled. 

The effect of the different subsampling settings is shown in Figure 13 and Figure 14 on 
page 22.

Figure 13:  Pixel Readout (column binning)

Figure 14:  Pixel Readout (column and row binning)
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Binning Limitations

The sensor must be taken out of streaming mode before switching between binned and 
non-binned operation. Binning requires different sequencing of the pixel array and 
imposes different timing limits on the operation of the sensor. In particular, xy-binning 
requires two read operations from the pixel array for each line of output data, which has 
the effect of increasing the minimum line blanking time. 

As a result, when xy-binning is enabled, some of the programming limits declared in the 
parameter limit registers are no longer valid. In addition, the default values for some of 
the manufacturer-specific registers need to be reprogrammed. None of these adjust-
ments are required for x-binning. 

Raw Data Format

The sensor core image data is read out in a progressive scan. Valid image data is 
surrounded by horizontal blanking and vertical blanking, as shown in Figure 15 on 
page 23. The amount of horizontal blanking and vertical blanking is programmable. LV 
is HIGH during the shaded region of the figure.

Figure 15:  Valid Image Data

Table 5: Row Address Sequencing (Binning)

Normal Binning Sequence 1 Binning Sequence 2

0 0,2 No data
1 1,3 No data
2 No data 2,4
3 No data 3,5
4 4,6 No data
5 5,7 No data
6 No data 6,8
7 No data 7,9

P0,0 P0,1 P0,2................................P0,n-1 P0,n
P1,0 P1,1 P1,2................................P1,n-1 P1,n

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

Pm-1,0 Pm-1,1.........................Pm-1,n-1 Pm-1,n
Pm,0 Pm,1.........................Pm,n-1 Pm,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
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

VALID IMAGE HORIZONTAL
BLANKING 

VERTICAL BLANKING VERTICAL/HORIZONTAL
BLANKING 
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Raw Data Timing

The sensor core output data is synchronized with the PIXCLK output. When LV is HIGH, 
one pixel’s data is output on the 10-bit DOUT output bus every PIXCLK period. By 
default, the PIXCLK signal runs at the same frequency as the master clock, and its rising 
edges occur one-half of a master clock period after transitions on LV, FV, and DOUT (see 
Figure 16). This allows PIXCLK to be used as a clock to sample the data. PIXCLK is 
continuously enabled, even during the blanking period. 

Figure 16:  Pixel Data Timing Example
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SOC Description

Image Flow Processor

Image and color processing in the MT9T111 is 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 17 on page 26.
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Figure 17:  Color Pipeline
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Test Patterns

During normal operation of the MT9T111, 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 18. 
Disabling the MCU is recommended before enabling test patterns.

Figure 18:  Color Bar Test Pattern
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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-
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.” 

Shading Correction (SC)

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 MT9T111 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

Color-dependent solutions are calibrated using the sensor, lens system, and an image of 
an evenly illuminated, featureless grey calibration field. From the resulting image, the 
color correction functions can be derived.

The correction functions can then be applied to each pixel value to equalize the 
response across the image as follows:

(EQ 1)

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

Pcorrected(row,col)=Psensor(row,col)*f(row,col)
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One Time Programmable Memory

The MT9T111 contains four bytes of OTP memory, suitable for storing module identifi-
cation that can be programmed during the module manufacturing process. Program-
ming the OTP memory requires the use of a high voltage at the VPP pin. During normal 
operation, the VPP pin should be left floating. The OTP memory can be accessed through 
the two-wire serial interface.

Programming the OTP Memory

The programming of the OTP memory requires the sensor to be fully powered and 
remain in software standby with its clock input applied. The steps below describe the 
programming process:
1. Apply power to all the power rails of the sensor (VDD, VDD_IO, VAA, VAA_PIX, and so

on).
2. Provide the EXTCLK clock input.
3. Perform the proper reset sequence to the sensor.
4. Place the sensor in software standby (sensor default state upon power-up).
5. Write the information to be programmed to the Program_Value register through the 

two-wire serial interface.
6. Supply a high voltage to the VPP pin.
7. Write to the Program_Value register to indicate the high voltage is applied at the VPP 

pin in order to start the programming process.
8. Poll the status bit from the Program_Value register for the completion of the pro-

gramming process.
9. Remove the high voltage at VPP pin.

10. Verify the data at the OTP memory by performing a normal read procedure.

Figure 19:  Sequence of Signals for OTP Memory Operation
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Reading the OTP Memory

The content of the OTP memory can be read through the two-wire serial interface, and it 
is available for access after power-up.

Defect Correction and Noise Reduction

The IFP performs continuous defect correction that can mask pixel array defects such as 
high dark-current (hot) pixels and pixels that are darker or brighter than their neighbors 
due to photoresponse nonuniformity. The module is edge-aware with exposure that is 
based on configurable thresholds. The thresholds are changed continuously based on 
the brightness of the current scene. Noise reduction can be enabled and disabled and 
thresholds can be set through register settings.

Color Interpolation

In the raw data stream fed by the sensor core to the IFP, each pixel is represented by a 
10-bit integer number, which can be considered proportional to the pixel's response to a 
one-color 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-color-per-pixel nature of the data stream, but after the defect correc-
tion it must be converted to a three-colors-per-pixel stream appropriate for standard 
color processing. The conversion is done by an edge-sensitive 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-bit 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 1D or 2D aperture correction (sharp-
ening filter) is applied to color-corrected image data. The gain and threshold for 1D and 
2D correction can be defined through register settings.

Image Cropping

By configuring the cropped and output windows to various sizes, different zooming 
levels for example 4x, 2x, and 1x can be achieved. The location of the cropped window is 
also configurable so that panning is also supported. A separate cropped window is 
defined for context A and context B. In both contexts, the height and width definitions 
for the output window must be equal to or smaller than the cropped image.
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Gamma Correction

The gamma correction curve (as shown in Figure 20 on page 31) is implemented as a 
piecewise linear function with 19 knee points, taking 12-bit arguments and mapping 
them to 8-bit 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-bit ordinates are programmable through IFP registers.

The MT9T111 IFP includes a block for gamma correction that can adjust its shape based 
on brightness to enhance the performance under certain lighting conditions (see 
Figure 20 on page 31). Two custom gamma correction tables may be uploaded, one 
corresponding to a brighter lighting condition, the other one corresponding to a darker 
lighting condition. At power-up the IFP loads the two tables with default values. The 
final gamma correction table used depends on the brightness of the scene and can take 
the form of either uploaded tables or an interpolated version of the two tables. A single 
(non-adjusting) table for all conditions can also be used. 

Figure 20:  Gamma Correction Curve

Special Effects

Special effects like negative image, sepia, or B/W can be applied to the data stream at 
this point. These effects can be enabled and selected by registers.

RGB to YUV Conversion

For further processing, the data is converted from RGB color space to YUV color space.

Color Kill

To remove high or low light 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-dimensional low-pass filtering 
of Y and/or UV signals is possible. A 3- or 5-tap filter can be selected for each signal.
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Image Scaling

To ensure that the size of images output by the MT9T111 can be tailored to the needs of 
all users, the IFP includes a scaler module. When enabled, this module performs 
rescaling of incoming images—shrinks them to arbitrarily selected width and height 
without reducing the field of view and without discarding any pixel values.

The scaler performs pixel binning—divides each input image into rectangular bins 
corresponding to individual pixels of the desired output image, averages pixel values in 
these bins, and assembles the output image from the bin averages. Pixels lying on bin 
boundaries contribute to more than one bin average; their values are added to bin-wide 
sums of pixel values with fractional weights. The entire procedure preserves all image 
information that can be included in the downsized output image and filters out high 
frequency features that could cause aliasing.

The image cropping and scaler module can be used together to implement a digital 
zoom and pan. If the scaler is programmed to output images smaller than images 
coming from the sensor core, zoom effect can be produced by cropping the latter from 
their maximum size down to the size of the output images. The ratio of these two sizes 
determines the maximum attainable zoom factor. For example, a 2048 x 1536 image 
rendered on a 256 x 192 display can be zoomed up to eight times, since 
2048/256 = 1536/192 = 8. Panning effect can be achieved by fixing the size of the crop-
ping window and moving it around the pixel array.

1D aperture correction may be applied to increase image sharpness lost due to pixel 
binning during image scaling.

YUV-to-RGB/YUV Conversion and Output Formatting

The YUV data stream emerging from the scaling module can either exit the color pipe-
line as-is or be converted before exit to an alternative YUV or RGB data format.

Output Interface (Parallel and MIPI Output)

The user can select to either use the serial MIPI output or the 8-bit parallel output to 
transmit the data.   Only one of the output modes can be used at any time.

The parallel output is used with an output FIFO whose memory is shared with the MIPI 
output FIFO to retain a constant pixel output clock independent from the scaling factor.

The MIPI output transmitter implements a serial differential sub-LVDS transmitter 
capable of up to 768 Mb/s. It supports multiple formats, error checking, and custom 
short packets.

Table 6: Data Formats Supported by MIPI Interface

Data Format Data Type

YUV 422 8-bit 0x1E

RGB565 0x22

RGB555 0x21

RGB444 0x20

RAW8 0x2A

RAW10 0x2B
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Notes: 1. Data will be packed as RAW8 if the data type specified does not match any of the above 
data types.

User-defined byte-based data 
(including compressed data)

0x30
0x31
0x32
0x33

Table 6: Data Formats Supported by MIPI Interface

Data Format Data Type
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Output Format and Timing

YUV/RGB Output

Figure 21 depicts the output timing of YUV/RGB when a scaled data stream is equalized 
by buffering or when no scaling takes place. The pixel clock frequency remains constant 
during each LV high period. Scaled data is output at a lower frequency than full size 
frames, which helps to reduce EMI.

Figure 21:  Timing of Full Frame Data or Scaled Data Passing Through the FIFO

YUV/RGB Data Ordering

The MT9T111 supports swapping YCrCb mode, as illustrated in Table 7.

Table 7: YCrCb Output Data Ordering

Mode Data Sequence

Default (no swap) Cbi Yi Cri Yi+1

Swapped CrCb Cri Yi Cbi Yi+1

Swapped YC Yi Cbi Yi+1 Cri

Swapped CrCb, YC Yi Cri Yi+1 Cbi
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The RGB output data ordering in default mode is shown in Table 8. The odd and even 
bytes are swapped when luma/chroma swap is enabled. R and B channels are bit-wise 
swapped when chroma swap is enabled.

Uncompressed 10-Bit Bypass Output

Raw 10-bit 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 two bits of data.
• Using only 8 signals (DOUT[7:0]) and a special 8 + 2 data format, shown in Table 9.

Table 8: RGB Ordering in Default Mode

Mode (Swap Disabled) Byte D7D6D5D4D3D2D1D0

RGB 565 Odd R7R6R5R4R3G7G6G5

Even G4G3G2B7B6B5B4B3

RGB 555 Odd 0 R7R6R5R4R3G7G6

Even G5G4G3B7B6B5B4B3

RGB 444x Odd R7R6R5R4G7G6G5G4

Even B7B6B5B4 0 0 0 0
RGB x444 Odd 0 0 0 0 R7R6R5R4

Even G7G6G5G4B7B6B5B4

Table 9: 2-Byte RGB 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
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JPEG Encoder

The JPEG compression engine in the MT9T111 is a highly integrated, high-performance 
solution that can provide sustained data rates of almost 48 Mp/s for image sizes up to 
2048 x 1536. Additionally, the solution provides for low power consumption and full 
programmability of JPEG compression parameters for image quality control.

The JPEG encoding block is designed for continuous image flow and is ideal for low 
power applications. After initial configuration for a target application, it can be 
controlled easily for instantaneous stop or restart. A flexible configuration and control 
interface allows for full programmability of various JPEG-specific parameters and tables.

JPEG Encoding Highlights
• Sequential DCT (baseline) ISO/IEC 10918-1 JPEG-compliant
• YCbCr 4:2:2 format compression
• Programmable quantization tables
• Support for two pairs of quantization tables
• Quality/compression ratio control capability
• 15 fps JPEG capability at full resolution (header processing in external host processor)

JPEG Output Interface

JPEG Data

JPEG data can be outputted in both the parallel and the serial MIPI streams. In the 
parallel output interface, JPEG data is output in an 8-bit parallel bus DOUT[7:0], with FV, 
LV, and PIXCLK. JPEG output data is valid when both FV and LV are asserted. When the 
JPEG data output for the frame completes, or buffer overflow occurs, LV and FV are de-
asserted.

The MT9T111 can transmit JPEG data using two different formats: JPEG continuous 
stream, and JPEG spoof stream. In both formats, two bytes of JPEG status can be 
inserted into the output streams. The following sections describe the two streaming 
methods.

JPEG Continuous Stream

JPEG continuous stream only goes out through the parallel output interface. It supports 
the following features.
• Adaptive clock switching
• Insertion of Start of Image (SOI) and End of Image (EOI) codes
• Duplicate FV on LV
• Append JPEG Status at the end of data stream

When enabled, the pixel clock output can be generated continuously during invalid data 
periods (between FV and between LV). In this streaming mode, the amount of valid data 
within each line (LV = 1) is variable. When adaptive clock is enabled, the pixel clock is 
readjusted to lower clock rates, based on the fullness of the output FIFO. Figure 22 
through Figure 25 on page 38 are some examples of the JPEG continuous stream 
through the parallel output interface.

Figure 22 illustrates data output when the pixel clock output is generated continuously 
during invalid data periods. LINE_VALID is of variable length based on data output rate.
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Figure 22:  JPEG Continuous Data Output

Figure 23 illustrates when SOI/EOI codes are inserted on the parallel output interface 
with the JPEG status enabled.

Figure 23:  Start of Image and End of Image Inserted
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JPEG Spoof Stream

The JPEG compressed data can be outputted in spoof mode. In spoof mode, there is no 
SOI/EOI option available. The amount of expected pixel data is defined by the width and 
height registers in spoof mode. If the valid JPEG data is less than expected size defined, 
dummy data “0” will be padded. It is mandatory that the last five bytes are two bytes 
status followed by three bytes of length information.

When enabled, the pixel clock output can be generated continuously during invalid data 
periods (between FV and between LV). In this streaming mode, the amount of valid data 
within each line (LV = 1) is constant. When adaptive clock is enabled, the pixel clock is 
re-adjusted to lower clock rates, based on the fullness of the output FIFO. Below are 
some examples of the JPEG spoof stream through the parallel output interface.

Figure 24 illustrates the JPEG spoof output when pixel clock is generated continuously 
during invalid data periods between LV. The status and the three bytes are inserted at 
the end of the stream.

Figure 24:  JPEG Spoof Mode Timing with Continuous Clock

Figure 25 illustrates the JPEG spoof output when the adaptive clock enabled. With 
continuous PIXCLK, the switching of the PIXCLK frequency can only happen during line 
blanking.

Figure 25:  JPEG Spoof Mode Timing with Adaptive Clock
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JPEG Spoof Stream in MIPI Output Mode

In JPEG mode, only the JPEG spoof stream can be output to the MIPI output. Similar to 
the parallel output interface, the amount of expected pixel data is defined by the width 
and height registers in spoof mode. If the valid JPEG data is less than expected size 
defined, dummy data “0”s will be padded. It is mandatory that the last five bytes are two 
bytes of status followed by three bytes of length information. 

FIFO

During normal pipeline operation, the output data rate is determined by a number of 
factors: input image size, degree of scaling, and sensor operation mode. As these param-
eters change during normal sensor operation, output frequency changes. This output 
frequency may generate RF noise, interfering with the mobile device. By using an output 
FIFO to maintain a constant output clock frequency, noise is easily filtered out. 

The FIFO accumulates data and after a certain number of bytes are stored it will output 
them in a single burst, making sure that the data rate within the burst remains constant. 
This approach utilizes a free-running clock, thus making possible minimal RF interfer-
ence. 

Watermark

Calculation of the watermark is done based on maximum number of bytes that the pipe-
line can output in a given mode (with activated clip and no scaling) and the number of 
bytes it will output due to scaling. The number of bytes also depends upon whether or 
not the horizontal sensor binning mode is activated. In this mode, the number of pixels 
that the pipeline can output is doubled.
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Motion-Adaptive Exposure (MAE)

As mobile devices become smaller, it is difficult for a user to hold a slim mobile camera 
steady enough to get a flawless shot due to unavoidable handshaking or moving subject, 
especially when exposure time increases due to low light conditions. To reduce motion 
blur, the MT9T111 includes a motion-adaptive exposure mode. When motion is 
detected, it will increase the sensor sensitivity and reduce the exposure time corre-
spondingly. The MAE will reduce the motion blur caused by camera handshaking or 
moving subject. Figure 26 shows the block diagram for the motion-adaptive exposure 
algorithm.

Figure 26:  Motion-Adaptive Exposure Algorithm

MAE is activated at the moment the shutter-release button is released. After that 
moment, AE/AWB and AF will be frozen. This scheme provides a motion priority expo-
sure mode which uses motion estimation results to control the exposure. The first two 
frames are ignored and the third is the captured frame. 
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Dual Camera Implementation 

In a typical cellular phone design there are several sub-modules that can be imple-
mented to extend the functional performance of the product. One such module is the 
camera sub-system, which includes a sensor, image processing, compression and inter-
action with the host processor. There are two typical implementations that are consid-
ered:
• Single Camera - A single image sensor is integrated and provides support for view-

finder and still capture function
• Dual Camera - A main image sensor which is typically larger than 1.3MP used for 

high-quality still image capture and secondary high-quality VGA resolution image 
sensor. 

The MT9T111 image sensor has an integrated input MIPI interface to support a simpli-
fied system design for dual-camera imaging systems as shown in Figure 27. The figure 
shows the interfaces between system components (Base-band processor, VGA sensor, 
Flash LED, Auto Focus mechanism, and so forth) and the main camera (MT9T111).

Figure 27:  Dual Camera System Level 
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The integration of the control and pixel data bus for the MT9V013 image sensor allows 
the host processor to interchange seamlessly between the two image sensors without 
the complicated signaling protocols. 

This second sensor support will allow the MT9V013 to utilize the resources of the 
MT9T111 image sensor. The shared image processing capabilities will allow the host 
processor to off-load all the image processing functionality, as shown in Figure 28 the 
data flow diagram.

Figure 28:  Dual Camera Data Flow Diagram

A typical dual camera interconnect drawing using the MT9T111 and MT9V013 is shown 
in Figure 29 on page 43.
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Figure 29:  Dual Camera Typical Interconnect
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Notes: 1. This typical configuration shows only one scenario out of multiple possible variations for 
this sensor.

2. If a MIPI Interface is not required, the following pads must be left floating: DOUT_P, 
DOUT_N, CLK_P, CLK_N, and VDDIO_TX, and GNDIO_TX.

3. The GPIO pads can serve multiple features that can be reconfigured. The function and direc-
tion will vary by applications.

4. Only one of the output modes (serial or parallel) can be used at any time.
5. A resistor value of 1.5KΩ to VDD_IO is recommended for the two-wire serial interface RPULL-

UP; however, greater values may be used for slower transmission speed.
6. VAA and VAA_PIX must be tied together.
7. VPP is the one-time programmable (OTP) memory programming voltage and should be left 

floating during normal operation.
8. If the bridging function to the MT9V013 is not required, the following signals can be left 

floating: EXTCLK_OUT, RESET_BAR_OUT, STANDBY_OUT, RX_DP, RX_DN, RX_CP, and 
RX_CN.

9. If auto focus is not required, the following pads can be floating: VDD_VGPIO, GND_VGPIO 
and VGPIO[7:0].
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Camera Control
General Purpose I/Os 

The four general purpose I/Os of the MT9T111 can be configured in multiple ways. Each 
of the I/Os can be used as a simple input/output that can be programmed from the host. 
The GPIO configurations are shown in Table 10.

The general purpose inputs are enabled or disabled through register settings. Once 
enabled, all four inputs must be driven to valid logic levels by external signals. The state 
of the general purpose inputs can be read from a register.

Output Enable Control
When the parallel pixel data interface is enabled, its signals can be switched asynchro-
nously between the driven and High-Z under pin or register control.

Table 10: GPIO Configurations

GPIO[3:0] Input Output Default

GPIO[0] GPI DOUT_LSB[0] Input
GPIO[1] GPI DOUT_LSB[1] Input
GPIO[2] OE_BAR SHUTTER Input
GPIO[3] GPI FLASH Input
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Firmware Architecture

The firmware for the MT9T111 is implemented in multiple drivers that are responsible 
for different parts of operation. 

Figure 30:  Software Architecture

Sequencer

The sequencer is responsible for coordinating all events triggered by the user. It is 
implemented as a state machine. For example, sending a capture command to the 
sequencer will change the resolution from preview to full resolution, turn on or off an 
external LED, and switch back to preview after capturing the frame. The setup of the 
sensor can be defined by the user for preview and capture.

Context and Operational Modes

The MT9T111 can operate in several modes including preview, still capture (snapshot), 
and video. All modes of operation are individually configurable and are organized as two 
contexts—context A and context B. Context switching can be accomplished by sending a 
command through the two-wire serial interface.

Preview Mode

Context A is primarily intended for use in the preview mode. During preview, the sensor 
usually outputs low resolution images at a relatively high frame rate, and its power 
consumption is kept to a minimum.
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Still Capture and Video Modes

Context B can be configured for the still capture or video mode, as required by the user. 
For still capture configuration, the user typically specifies the desired output image size, 
if flash should be enabled, how many frames to capture, and so forth. For video, the user 
might select a different image size and a fixed frame rate.

Snapshot and Flash

To take a snapshot, the user must send a command that changes the context from A to B. 
A typical sequence of events after this command is:
1. The camera may turn on its LED flash, if it has one and is required to use it. With the

flash on, the camera exposure and white balance are automatically adjusted to the
changed illumination of the scene.

2. The camera captures one or more frames of desired size. A camera equipped with a 
Xenon flash strobes while capturing images. When capturing images is completed, 
the camera automatically returns to context A and resumes running in preview mode.

Note: This sequence of events can take up to 10 frames.

Video

To start video capture, the user must change relevant context B settings, such as capture 
mode, image size and frame rate, and again send a context change command. Upon 
receiving it, the MT9T111 switches to the modified context B settings, while continuing 
to output YUV-encoded image data. AE adjusts automatically and provides a smooth 
continuous operation. To exit the video capture mode, the user must send another 
context change command causing the sensor to switch back to context A.

Auto Exposure

The auto exposure algorithm performs automatic adjustments of the image brightness 
by controlling exposure time and analog gains of the sensor core as well as digital gains 
applied to the image.

Auto exposure is implemented by a firmware driver that analyzes image statistics 
collected by the exposure measurement engine, makes a decision and programs the 
sensor core and color pipeline to achieve the desired exposure. The measurement 
engine subdivides the image into 16 windows organized as a 4 x 4 grid.

Two auto exposure algorithm modes are available:
• Average brightness tracking (ABT)
• Dynamic range tracking (DRT)

The average brightness tracking AE uses a constant average tracking algorithm where a 
target brightness value is compared to a current brightness value, and the gain and inte-
gration time are adjusted accordingly to meet the target requirement. The dynamic 
range tracking AE examines the data from the statistics engine and produces a corrected 
brightness target so that overexposed or underexposed scene can be avoided. This also 
allows a manual control of the image brightness. Both algorithms are available in 
preview and capture modes.
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AE Driver

This exposure mode is activated during preview. This mode can also be enabled during 
video capture mode. It relies on the statistics engine that tracks speed and amplitude of 
the change of the overall luminance in the selected windows of the image.

Backlight compensation is achieved by weighting the luminance in the center of the 
image higher than the luminance on the periphery. Other algorithm features include the 
rejection of fast fluctuations in illumination (time averaging), control of speed of 
response, and control of the sensitivity to the small changes. While the default settings 
are adequate in most situations, the user can program target brightness, measurement 
window, and other parameters described above.

The driver calculates image brightness based on average luma values received from 16 
programmable equal-size rectangular windows forming a 4 x 4 grid. In preview mode, 16 
windows are combined in two segments: central and peripheral. The central segment 
includes 4 central windows. All remaining windows belong to peripheral segment. Scene 
brightness is calculated as average luma in each segment taken with certain weights.

The driver changes AE parameters (integration time, gains, and so on) to drive bright-
ness to the programmable target. The value of the single step approach to the target 
value can be controlled. 

To avoid unwanted reaction of AE on small fluctuations of scene brightness or momen-
tary scene changes, the AE driver uses a temporal filter for luma and a threshold around 
the AE luma target. The driver changes AE parameters only if the buffered luma is larger 
than the AE target step and pushes the luma beyond the threshold.

Evaluative Algorithm

A scene evaluative AE algorithm is available for use in snapshot mode. The algorithm 
performs scene analysis and classification with respect to its brightness, contrast, and 
composure and then decides to increase, decrease, or keep original exposure target. It 
makes most difference for backlight and bright outdoor conditions.

Accelerated Settling During Overexposure

The AE speed is direction-dependent. Transitioning from oversaturation to target can 
take more time than transitioning from undersaturation. The AE driver has a mode that 
speeds up AE for overexposed scenes.

The AE driver counts the number of AE windows whose average brightness is equal to or 
greater than some value, 250 by default. For a scene having saturated regions, the 
average luma is underestimated due to signal clipping. The driver compensates under-
estimation by a factor that can be defined.

Exposure Control

To achieve the required amount of exposure, the AE driver adjusts the sensor integration 
time, gains, ADC reference, and IFP digital gains. In addition, a variable is available for 
the user to adjust the overall brightness of the scene. To reject flicker, integration time is 
typically adjusted in increments of steps. The incremental step specifies the duration in 
row times equal to one flicker period. Thus, flicker is rejected if integration time is kept a 
natural factor of the flicker period.
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Auto White Balance

The MT9T111 has a built-in auto white balance algorithm designed to compensate for 
the effects of changing spectra of the scene illumination on the quality of the color 
rendition. The algorithm consists of two major parts: a measurement engine performing 
statistical analysis of the image and a driver performing the selection of the optimal 
color correction matrix, digital, and sensor core analog gains. While default settings of 
these algorithms are adequate in most situations, the user can reprogram base color 
correction matrices, place limits on color channel gains, and control the speed of both 
matrix and gain adjustments. 

Flicker Detection

Flicker occurs when the integration time is not an integer multiple of the period of the 
light intensity. The automatic flicker detection block does not compensate for the 
flicker, but rather avoids it by detecting the flicker frequency and adjusting the integra-
tion time. For integration times below the light intensity period (10ms for 50Hz environ-
ment), flicker cannot be avoided. Flicker shows as horizontal bars rolling up or down.

Auto Focus

Overview

Auto focus (AF) algorithm implemented in the MT9T111 firmware seeks to maximize 
sharpness of vertical lines in images output by the sensor, by guiding an external lens 
actuator to the position of best lens focus. The algorithm is actuator-independent: it 
provides guidance by means of an abstract one-dimensional position variable, leaving 
the translation of its changes into physical lens movements to a separate AF mechanics 
(AFM) driver. The AF algorithm relies on the AFM driver to generate digital output 
signals needed to move different lens actuators and to correctly indicate at all times if 
the lens is stationary or moving. The latter is required to prevent the AF algorithm from 
using line sharpness measurements distorted by concurrent lens motion.

For measuring line sharpness, the AF algorithm relies on focus measurement engine in 
the color pipeline, which is a programmable vertical-edge-filtering module. In every 
interpolated image, statistics are collected in 16 equal-size rectangular sub-blocks, 
referred to as AF windows or zones.

There are several motion sequences through which the MT9T111 AF algorithm can 
bring a lens to best focus position. All these sequences begin with a jump to a prese-
lected start position, for example, the infinity focus position. This jump is referred to as 
the first flyback. It is followed by a unidirectional series of steps that puts the lens at up 
to 19 preselected positions different from the start position. This series of steps is called 
the first scan.

Before and during this scan, the AF algorithm stops the lens at each preselected position 
long enough to obtain valid sharpness scores. The first normalized score from each AF 
window is stored as both the worst (minimum) and best (maximum) score for that 
window. These two extreme scores are then updated as the lens moves from one posi-
tion to the next and a new maximum position is memorized at every update of the 
maximum score. In effect, the preselected set of lens positions is scanned for maxima of 
the normalized sharpness scores, while at the same time information needed to validate 
each maximum is being collected.
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Modes

There are four AF camera modes that the MT9T111 can fully support if it controls the 
position of the camera lens.

Snapshot mode

In this mode, a camera performs auto focusing upon a user command to do so. When 
the auto focusing is finished, a snapshot is normally taken and there is no further AF 
activity until the next appropriate user command. The MT9T111 can do the auto 
focusing using its built-in AF algorithm or a substitute algorithm loaded into RAM. It can 
then wait or automatically proceed with other operations required to take a snapshot.

Locked mode

The MT9T111 can be commanded to lock the lens in its current position. Between the 
command to lock the lens and another to release it, the lens does not respond to other 
commands or scene changes.

Focus-free mode

In many situations, for example, under low light or during video recording, it may be 
impossible or undesirable to focus the lens prior to every image capture. Instead, the 
lens can be locked in a position most likely to produce satisfactory images, for example, 
the hyperfocal position. This position can be programmed into the MT9T111, and it can 
move and hold the lens there on command.

Manual mode

In this mode there is no AF activity-focusing the camera is left to the user. The user typi-
cally can move the camera lens in steps, by manually issuing commands to the lens 
actuator, and observing the effect of his actions on a preview display. The MT9T111 can 
provide 30 fps image input for the display and simultaneously translate user commands 
received through the two-wire serial interface into digital waveforms driving the lens 
actuator.

Continuous Auto-focus mode

This mode keeps the target image in focus by automatically re-starting the focus 
sequence whenever the scene has changed. The standard hill-climbing method is used 
to complete the focus.
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Lens Actuator Interface

Actuators used to move lenses in AF cameras can be classified into several broad catego-
ries that differ significantly in their requirements for driving signals. These requirements 
also vary from one device to another within each category. To ensure its compatibility 
with many different actuators, the MT9T111 includes a general purpose input/output 
auto focus module (GPIO_AF).

The GPIO is a programmable rectangular waveform generator, with eight individually 
controllable output pads (VGPIO0 through VGPIO7), a separate power supply pad 
(VDD_VGPIO), and a separate clock domain that can be disconnected from the master 
clock to save power when the GPIO is not in use. The GPIO can toggle its output pads as 
fast as half the master clock frequency.

An external host processor or the embedded microcontroller of the MT9T111 has two 
ways to control the voltages on the GPIO output pads:

• Setting or clearing bits in a control register

The state of the GPIO pads is updated immediately after writing to the register. Since 
writing via the two-wire serial interface takes some time, this way does not give the 
host processor a very precise control over GPIO output timing.

• Waveform programming

The second way to obtain a desired output from the GPIO is to program a set of peri-
odic waveforms to the control registers and initialize their generation. The GPIO then 
generates the programmed waveforms on its own, without waiting for any further 
input, and therefore with the best attainable timing precision. If necessary, the GPIO 
can notify the MCU and the host processor about reaching certain points in the wave-
forms generation, for example, the end of a particular waveform.

Every GPIO notification has two components: the GPIO sends a wakeup signal to the 
MCU and sets a bit in its status register that can be polled by the MCU and/or the host 
processor. The wakeup signals have an effect only when the MCU is in sleep mode.

The MT9T111 can be set up not only to output digital signals to a lens actuator and/or 
other similar devices, but also to receive their digital feedback. All GPIO output pads 
are reconfigurable as high-impedance digital inputs. The logical state of each GPIO 
pad is mirrored by the state of a bit in a dedicated register, which allows the MCU and 
host processor to sample digital input signals at intervals equal to their respective reg-
ister read times.
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Master and Slave Two-Wire Serial Interface
The two-wire serial interface bus enables read/write access to control and status regis-
ters within the MT9T111. This interface is designed to be compatible with the MIPI Alli-
ance Standard for Camera Serial Interface 2 (CSI-2) 1.0, which uses the electrical 
characteristics and transfer protocols of the two-wire serial interface specification.

The interface protocol uses a master/slave model in which a master controls one or 
more slave devices. The sensor acts as a slave device. The master generates a clock 
(SCLK) that is an input to the sensor and used to synchronize transfers.

Data is transferred between the master and the slave on a bidirectional signal (SDATA). 
SDATA is pulled up to VDD_IO off-chip by a 1.5KΩ resistor. Either the slave or master 
device can drive SDATA LOW—the interface protocol determines which device is allowed 
to drive SDATA at any given time.

Protocol

Data transfers on the two-wire serial interface bus are performed by a sequence of low-
level protocol elements, as follows:
• a (repeated) start condition
• a slave address/data direction byte
• a 16-bit register address
• a(an) (no) acknowledge bit
• two data bytes
• a stop condition
The bus is idle when both SCLK and SDATA are HIGH. Control of the bus is initiated with 
a start condition, and the bus is released with a stop condition. Only the master can gen-
erate the start and stop conditions.

Start Condition

A start condition is defined as a HIGH-to-LOW transition on SDATA while SCLK is HIGH. 
At the end of a transfer, the master can generate a start condition without previously 
generating a stop condition; this is known as a “repeated start” or “restart” condition.

Stop Condition

A stop condition is defined as a LOW -to-HIGH transition on SDATA while SCLK is HIGH.

Data Transfer

Data is transferred serially, 8 bits at a time, with the MSB transmitted first. Each byte of 
data is followed by an acknowledge bit or a no-acknowledge bit. This data transfer 
mechanism is used for the slave address/data direction byte and for message bytes.

One data bit is transferred during each SCLK clock period. SDATA can change when SCLK 
is low and must be stable while SCLK is HIGH.

Slave Address/Data Direction Byte

Bits [7:1] of this byte represent the device slave address and bit [0] indicates the data 
transfer direction. A “0” in bit [0] indicates a write, and a “1” indicates a read. The default 
slave addresses used by the MT9T111 are 0x78 (write address) and 0x79 (read address). 
Alternate slave addresses of 0x7A (write address) and 0x7B (read address) can be 
selected by asserting the SADDR input signal.
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Message Byte

Message bytes are used for sending register addresses and register write data to the slave 
device and for retrieving register read data. The protocol used is outside the scope of the 
two-wire serial interface specification. 

Acknowledge Bit

Each 8-bit data transfer is followed by an acknowledge bit or a no-acknowledge bit in the 
SCLK clock period following the data transfer. The transmitter (which is the master 
when writing, or the slave when reading) releases SDATA. The receiver indicates an 
acknowledge bit by driving SDATA LOW. As for data transfers, SDATA can change when 
SCLK is LOW and must be stable while SCLK is HIGH.

No-Acknowledge Bit

The no-acknowledge bit is generated when the receiver does not drive SDATA low during 
the SCLK clock period following a data transfer. A no-acknowledge bit is used to termi-
nate a read sequence.

Typical Serial Transfer
A typical read or write sequence begins by the master generating a start condition on the 
bus. After the start condition, the master sends the 8-bit slave address/data direction 
byte. The last bit indicates whether the request is for a read or a write, where a “0” indi-
cates a write and a “1” indicates a read. If the address matches the address of the slave 
device, the slave device acknowledges receipt of the address by generating an acknowl-
edge bit on the bus.

If the request was a write, the master then transfers the 16-bit register address to which a 
write should take place. This transfers takes place as two 8-bit sequences and the slave 
sends an acknowledge bit after each sequence to indicate that the byte has been 
received. The master then transfers the data as an 8-bit sequence; the slave sends 
acknowledge bit at the end of the sequence. After 8 bits have been transferred, the 
slave’s internal register address is incremented automatically, so that the next 8 bits are 
written to the next register address. The master stops writing by generating a (re)start or 
stop condition.

If the request was a read, the master sends the 8-bit write slave address/data direction 
byte and 16-bit register address, just as in the write request. The master then generates a 
(re)start condition and the 8-bit read slave address/data direction byte, and clocks out 
the register data, eight bits at a time. The master generates an acknowledge bit after each 
8-bit transfer. The slave’s internal register address is auto-incremented after every 8 bits 
are transferred. The data transfer is stopped when the master sends a no-acknowledge 
bit.

Single Read from Random Location

This sequence (see Figure 31 on page 54) starts with a dummy write to the 16-bit address 
that is to be used for the read. The master terminates the write by generating a restart 
condition. The master then sends the 8-bit read slave address/data direction byte and 
clocks out one byte of register data. The master terminates the read by generating a no-
acknowledge bit followed by a stop condition. Figure 31 shows how the internal register 
address maintained by the MT9T111 is loaded and incremented as the sequence 
proceeds.
PDF: 09005aef8243b7cd/Source: 09005aef8243b8ab Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT9T111_DS_2_features.fm - Rev. A 4/07 EN 53 ©2007 Micron Technology, Inc. All rights reserved.



 MT9T111: 1/4-Inch 3.1Mp SOC Digital Image Sensor
Master and Slave Two-Wire Serial Interface

Micron Confidential and Proprietary Advance
Figure 31:  Single Read from Random Location

Single Read from Current Location

This sequence (Figure 32) performs a read using the current value of the MT9T111 
internal register address. The master terminates the read by generating a no-acknowl-
edge bit followed by a stop condition. The figure shows two independent read 
sequences.

Figure 32:  Single Read from Current Location

Sequential Read, Start from Random Location

This sequence (Figure 33) starts in the same way as the single read from random loca-
tion (Figure 31). Instead of generating a no-acknowledge bit after the first byte of data 
has been transferred, the master generates an acknowledge bit, and continues to 
perform byte reads until L bytes have been read.

Figure 33:  Sequential Read, Start from Random Location

S =  start condition
P =  stop condition
Sr = restart condition
A =  acknowledge
A =  no-acknowledge

slave to master 
master to slave 

Slave Address 0 S A Reg Address[15:8] A Reg Address[7:0] Slave Address A A 1 Sr Read Data P 

Previous Reg Address, N Reg Address, M M+1 

A 

Slave Address 1S A Read Data Slave Address A1SP Read Data P

Previous Reg Address, N Reg Address, N+1 N+2

AA

Slave Address 0S SrA Reg Address[15:8]

ARead Data Read Data

A Reg Address[7:0] A Read DataSlave Address

Previous Reg Address, N Reg Address, M

M+1 M+2

M+1

M+3

AA1

A ARead Data Read Data

M+L-2 M+L-1 M+L

A S
PDF: 09005aef8243b7cd/Source: 09005aef8243b8ab Micron Technology, Inc., reserves the right to change products or specifications without notice.
MT9T111_DS_2_features.fm - Rev. A 4/07 EN 54 ©2007 Micron Technology, Inc. All rights reserved.



 MT9T111: 1/4-Inch 3.1Mp SOC Digital Image Sensor
Master and Slave Two-Wire Serial Interface

Micron Confidential and Proprietary Advance
Sequential Read, Start from Current Location

This sequence (Figure 34) starts in the same way as the single read from current location 
(Figure 32). Instead of generating a no-acknowledge bit after the first byte of data has 
been transferred, the master generates an acknowledge bit, and continues to perform 
byte reads until L bytes have been read.

Figure 34:  Sequential Read, Start from Current Location

Single Write to Random Location

This sequence (Figure 35) begins with the master generating a start condition. The slave 
address/data direction byte signals a write and is followed by the high then low bytes of 
the register address that is to be written. The master follows this with the byte of write 
data. The write is terminated by the master generating a stop condition.

Figure 35:  Single Write to Random Location

ARead Data Read Data

Previous Reg Address, N N+1 N+2 N+L-1 N+L

ARead DataSlave Address AA1 Read Data A SS

Slave Address 0S A Reg Address[15:8] A Reg Address[7:0] A Write Data P

Previous Reg Address, N Reg Address, M M+1

A
A
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Sequential Write, Start at Random Location
This sequence (Figure 36) starts in the same way as the single write to random location 
(Figure 35). Instead of generating a no-acknowledge bit after the first byte of data has 
been transferred, the master generates an acknowledge bit, and continues to perform 
byte writes until L bytes have been written. The write is terminated by the master gener-
ating a stop condition.

Figure 36:  Sequential Write, Start at Random Location

Slave Address 0S A Reg Address[15:8]

AWrite Data Write Data

A Reg Address[7:0] A Write Data

Previous Reg Address, N Reg Address, M

M+1 M+2

M+1

M+3

A

A AWrite Data Write Data

M+L-2 M+L-1 M+L

A
A S
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Timing Specifications

Power-up sequence

Powering up the sensor does not require voltages to be applied in any particular order. 
The sensor includes a power-on reset feature that initiates a reset upon power up. Even 
though this feature is included on the device, it is advised that the user still manually 
assert a hard reset upon power up.

Reset

Two types of reset are available:
• A hard reset is issued by toggling RESET_BAR.
• A soft reset is issues by writing commands through the two-wire serial interface.

Hard Reset 

After hard reset, the output FIFO is configured for operation but disabled and all outputs 
are tri-stated. These outputs can be enabled through the two-wire serial interface.

Soft Reset 

A soft reset sequence to the sensor has the same affect as the hard reset and can be acti-
vated writing to a register through the two-wire serial interface.

Standby Modes

The MT9T111 supports two different standby modes: 
• Hard standby mode
• Soft standby mode 

For both hard and soft standby, entry can be inhibited by programming the 
standby_control register. 

Soft Standby

Soft standby can be enabled by register access and disables the sensor core and most of 
the digital logic. The two-wire serial interface is still active and the sensor can be 
programmed through register commands. All register settings and RAM content will be 
preserved. Soft standby can be performed in any sequencer state after all AE, AWB, 
histogram, and flicker calculations are finished and the sensor is in low-power mode. 

The execution of standby will take place after the completion of the current line by 
default. It is possible to synchronize the execution of standby with the end of frame 
through the standby_control register.

Hard Standby with Shutdown

The hard standby with shutdown mode uses STANDBY to shut down digital power (VDD) 
and ensure the lowest power consumption. All the two-wire serial interface settings and 
firmware variables including patches will be lost in this mode. Starting up from this 
mode is equivalent to performing a power up. The two-wire serial interface will be inac-
tive and the sensor must be started up by de-asserting STANDBY.
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Hard Standby With Memory Retention

Hard standby with memory retention mode without the loss of variable data can also be 
achieved. This mode stores the variables and state of the sensor before entering standby 
(similar to soft standby). The power consumption is lower than that of soft standby, as 
internal clocks are turned off, and the two-wire serial interface will be inactive.

Since the hard standby with memory retention mode is activated by STANDBY, the 
standby_control register needs to be programmed to indicate the selection of this mode 
before STANDBY is asserted. De-asserting STANDBY will cause the sensor to come out of 
standby mode. This also causes the sensor to resume operation from the state before the 
STANDBY signal was asserted. By default, asserting the STANDBY signal causes the hard 
standby mode described above.

Signal States

Note: X = “Don’t Care.”

Table 11: Status of Signals During Different States

Signal Reset
Post-
Reset Standby Standby with SHUTDOWN

Power
Down

DOUT[7:0] High-Z High-Z High-Z by default (configurable via 
OE_BAR or two-wire serial 

interface reg)

High-Z by default  X

PIXCLK High-Z High-Z High-Z by default (configurable) High-Z by default  X
LV High-Z High-Z High-Z by default (configurable) High-Z by default  X
FV High-Z High-Z High-Z by default (configurable) High-Z by default  X

DOUT_N 0 0 0 0  X
DOUT_P 0 0 0 0  X
CLK_N 0 0 0 0  X
CLK_P 0 0 0 0  X

GPIO[3:0] High-Z High-Z Depending on how system uses 
them as DOUT_LSB1/DOUT_LSB2/

SHUTTER/FLASH/TRIGGER/OE_BAR

Depending on how system uses 
them as DOUT_LSB1/DOUT_LSB2/

SHUTTER/FLASH/TRIGGER/OE_BAR

 X

SADDR Input Input Input Input  
SDATA Input I/O Input Input  
SCLK Input Input Input Input  

SCLK_2 High-Z High-Z High-Z by default (configurable) High-Z by default (configurable) X
SDATA_2 Input I/O Input Input

RESET_BAR_OUT High-Z High-Z High-Z by default (configurable) High-Z by default (configurable) X
EXTCLK_OUT High-Z High-Z High-Z by default (configurable) High-Z by default (configurable) X

STANDBY_OUT High-Z High-Z High-Z by default (configurable) High-Z by default (configurable) X
RX_DN Input Input Input Input
RX_DP Input Input Input Input
RX_CN Input Input Input Input
RX_CP Input Input Input Input
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Spectral Characteristics

Figure 37:  Chief Ray Angle (CRA) vs. Image Height

CRA vs. Image Height Plot

Image Height CRA 

(%) (mm) (deg)

0 0 0
5 0.112 2.31
10 0.224 4.50
15 0.336 6.64
20 0.448 8.74
25 0.560 10.82
30 0.672 12.85
35 0.784 14.82
40 0.896 16.69
45 1.008 18.44
50 1.120 20.03
55 1.232 21.44
60 1.344 22.63
65 1.456 23.60
70 1.568 24.32
75 1.680 24.78
80 1.792 24.99
85 1.904 24.92
90 2.016 24.59
95 2.128 23.96

100 2.240 23.04
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Figure 38:  I/O Timing Diagram

Notes: 1. PLL disabled for tCP.
2. FV lead LV by 6 PIXCLKs.
3. FV trails LV by 6 PIXCLKs.

Table 12: AC Electrical Characteristics
VDD = 1.8V; VDD_IO = 2.8V; VAA = 2.8V; VAA_PIX = 2.8V; VDD_PLL = 2.8V; TJ = 25°C

Symbol Definition Conditions Min Typ Max Units Notes
fEXTCLK External clock frequency PLL enabled 6 54 MHz
fEXTCLK External clock period PLL enabled 18.5 166.7 ns
fEXTCLK External clock frequency PLL disabled 6 54 MHz
fEXTCLK External clock period PLL disabled 18.5 166.7 ns
tR Input clock rise time – 2 5 V/ns
tF Input clock fall time – 2 5 V/ns

Clock duty cycle 40 50 60 %
tJITTER Input clock jitter (peak-peak 

cycle jitter)
0.5 1.0 ns 1

tCP EXTCLK rising to PIXCLK 
propagation delay

5 0.25 * 
tEXTCLK

45 ns 2

EXTCLK 

PIXCLK 

tR tF 

tEXTCLK 

DOUT[7:0] 
 
 

FRAME_VALID/ 
LINE_VALID 

XXX XXX XXX XXX XXX XXX 

tCP

tPFL 
tPLL 

tPD tPD 

tPFH 
tPLH 

Data              Data              Data            Data              Data 

90% 

10% 

1

Note 2 Note 3
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Notes: 1. PLL disabled.

Output pin 
slew No programmable slew

MAX VDD_IO
CLOAD 15 pf

0.45 0.58 V/ns

MAX VDD_IO
CLOAD 30 pf

0.4 0.49 V/ns

MAX VDD_IO 
CLOAD 68pf

0.32 0.36 V/ns

Programmable slew 
condition 1

MAX VDD_IO
CLOAD 15 pf

0.69 0.91 V/ns

MAX VDD_IO
CLOAD 30 pf 

0.59 0.71 V/ns

MAX VDD_IO
CLOAD 68 pf

0.42 0.47 V/ns

Programmable slew 
condition 2

MAX VDD_IO
CLOAD 15 pf

0.93 1.2 V/ns

MAX VDD_IO
CLOAD 30 pf

0.75 0.88 V/ns

MAX VDD_IO
CLOAD 68 pf

0.49 0.54 V/ns

Programmable slew 
condition 7

MAX VDD_IO
CLOAD 15 pf

2.06 2.1 V/ns

MAX VDD_IO
CLOAD 30 pf

1.33 1.35 V/ns

MAX VDD_IO
CLOAD 68 pf

0.68 0.72 V/ns

fPIXCLK PIXCLK frequency Default 48 96 MHz
tPD PIXCLK to data valid Default 0.4 * 

tPIXCLK
0.5 * 

tPIXCLK
0.6 * 

tPIXCLK
ns

tPFH PIXCLK to FV HIGH Default 0.4 * 
tPIXCLK

0.5 * 
tPIXCLK

0.6 * 
tPIXCLK

ns

tPLH PIXCLK to LV HIGH Default 0.4 * 
tPIXCLK

0.5 * 
tPIXCLK

0.6 * 
tPIXCLK

ns

tPFL PIXCLK to FV LOW Default 0.4 * 
tPIXCLK

0.5 * 
tPIXCLK

0.6 * 
tPIXCLK

ns

tPLL PIXCLK to LV LOW Default 0.4 * 
tPIXCLK

0.6 * 
tPIXCLK

ns

CIN Input pin capacitance 5 pF

Table 12: AC Electrical Characteristics (continued)
VDD = 1.8V; VDD_IO = 2.8V; VAA = 2.8V; VAA_PIX = 2.8V; VDD_PLL = 2.8V; TJ = 25°C

Symbol Definition Conditions Min Typ Max Units Notes
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 Table 13: I/O Parameters

Symbol Definition Conditions Min Typ Max Units

VIH Input HIGH voltage VDD_IO = 2.8V at specified IIN VDD_IO – 0.4 VDD_IO + 0.3 V
VDD_IO = 1.8V at specified IIN VDD_IO – 0.4 VDD_IO + 0.3 V

VIL Input LOW voltage VDD_IO = 2.8V at specified IIN –0.3 0.6 V
VDD_IO = 1.8V at specified IIN –0.3 0.4 V

IIN Input leakage current No pull-up resistor;
VIN = VDD_IO or DGND

–10 10 µA

VOH Output HIGH voltage At specified IOH VDD_IO – 0.4 – V

VOL Output LOW voltage At specified IOL – 0.4 V

IOH Output HIGH current VDD_IO = 2.8V – –20 mA
VDD_IO = 1.8V – –13 mA

IOL Output HIGH current VDD_IO = 2.8V – 15 mA
VDD_IO = 1.8V – 12 mA

IOZ Tri-state output 
leakage current

– 5 µA

Table 14: DC Electrical Definitions and Characteristics 
fEXTCLK = 54 MHz; VDD = 1.8V; VDD_IO = 2.8V; VAA = 2.8V; VAA_PIX = 2.8V;
VDD_PLL = 2.8V; TJ = 25°C; Dark lighting conditions

Symbol Definition Conditions Min Typ Max Units Note

VDD Core digital voltage 1.7 1.8 1.95 V

VDD_IO I/O digital voltage Parallel data interface 1.7 1.8 1.95 V
2.5 2.8 3.1 V

VAA Analog voltage 2.5 2.8 3.1 V

VAA_PIX Pixel supply voltage 2.5 2.8 3.1 V

VDD_PLL PLL supply voltage 2.5 2.8 3.1 V

VDD_RX MIPI input supply voltage 1.7 1.8 1.95 V

VDD_TX MIPI output supply voltage MIPI output interface 1.7 1.8 1.95 V

VDD_VGPIO AF suppy voltage 1.7 1.8 1.95 V
2.5 2.8 3.1 V

VPP OTP memory programming 
voltage

Used during OTP memory 
programming phase

8 V 2

IDD_1 Digital operating current Context A PLL off TBD 5 TBD mA
PLL on TBD TBD TBD mA

IDD_IO I/O digital operating 
current

Context A TBD TBD TBD mA

IAA_1 Analog operating current Context A TBD TBD TBD mA

IAA_PIX1 Pixel supply current Context A TBD TBD TBD mA

IDD_PLL1 PLL supply current Context A with PLL 
enabled

TBD TBD TBD mA

Total power 
consumption

Context A PLL off TBD TBD TBD mW 1
PLL on TBD TBD TBD mW 1

IDD_2 Digital operating current Context B PLL off TBD TBD TBD mA
PLL on TBD TBD TBD mA

IAA_2 Analog operating current Context B TBD TBD TBD mA

IAA_PIX2 Pixel supply current Context B TBD TBD TBD mA
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Notes: 1. Total power consumption does not include current from VDD_IO.
2. VPP is the one-time programmable (OTP) memory programming voltage and should be left 

floating during normal operation.

IDD_PLL2 
PLL supply current Context B with PLL 

enabled 
TBD TBD TBD mA

Total power 
consumption

Context B PLL off TBD TBD TBD mW 1
PLL on TBD TBD TBD mW 1

IDDSTDBY1 Digital standby current Standby / EXTCLK enabled TBD TBD TBD µA

IDD_IO1 I/O digital standby current Standby / EXTCLK enabled TBD TBD TBD µA

IAASTDBY1 Analog standby current Standby / EXTCLK enabled TBD TBD TBD µA

IAA_PIXSTDBY1 Pixel supply standby 
current

Standby / EXTCLK enabled TBD TBD TBD µA

IDD_PLLSTDBY1 PLL standby current Standby / EXTCLK enabled TBD TBD TBD µA

Total power 
consumption

Standby / EXTCLK enabled TBD mW TBD mW 1

IDDSTDBY2 Digital standby current Standby / EXTCLK disabled TBD TBD TBD µA

IDD_IO2 I/O digital standby current Standby / EXTCLK disabled TBD TBD TBD µA

IAASTDBY2 Analog standby current Standby / EXTCLK disabled TBD TBD TBD µA

IAA_PIXSTDBY2 Pixel supply standby 
current

Standby / EXTCLK disabled TBD TBD TBD µA

IDD_PLLSTDBY2 PLL standby current Standby / EXTCLK disabled TBD TBD TBD µA

Total power 
consumption

Standby / EXTCLK disabled TBD TBD TBD mW 1

IDDSTDBY3 Digital standby current Soft standby TBD TBD TBD µA

IDD_IO3 I/O digital standby current Soft standby TBD TBD TBD µA

IAASTDBY3 Analog standby current Soft standby TBD TBD TBD µA

IAA_PIXSTDBY3 Pixel supply standby 
current

Soft standby TBD TBD TBD µA

IDD_PLLSTDBY3 PLL standby current Soft standby TBD TBD TBD µA

Total power 
consumption

Soft standby TBD TBD TBD mW 1

Table 14: DC Electrical Definitions and Characteristics  (continued)
fEXTCLK = 54 MHz; VDD = 1.8V; VDD_IO = 2.8V; VAA = 2.8V; VAA_PIX = 2.8V;
VDD_PLL = 2.8V; TJ = 25°C; Dark lighting conditions

Symbol Definition Conditions Min Typ Max Units Note
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Table 15: Absolute Maximum Ratings  
Stresses above those listed may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions above those indicated in the product 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability.

Symbol Parameter

Rating

UnitMin Max

VDD_MAX Core digital voltage –0.3 2.4 V

VDD_IO_MAX I/O digital voltage –0.3 4.0 V

VAA_MAX Analog voltage –0.3 4.0 V

VAA_PIX_MAX Pixel supply voltage –0.3 4.0 V

VDD_PLL_MAX PLL supply voltage –0.3 4.0 V

VIH_MAX Input HIGH voltage VDD_IO + 0.3 V

VIL_MAX Input LOW voltage –0.3 V

IDD_MAX Digital operating current TBD TBD mA

IDD_IO_MAX I/O digital operating current TBD TBD mA

IAA_MAX Analog operating current TBD TBD mA

IAA_PIX_MAX Pixel supply current TBD TBD mA

IDD_PLL_MAX PLL supply current TBD TBD mA

T_OP Operating temperature (measure at junction) –30 75 °C 

T_STG Storage temperature –40 85 °C 
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Two-Wire Serial Bus Timing

Figure 39 and Table 16 describe the timing for the two-wire serial interface.

Figure 39:  Two-Wire Serial Bus Timing Parameters
 

Table 16: Two-Wire Serial Bus Characteristics
fEXTCLK = 6–54 MHz; VDD = 1.8V; VDD_IO = 2.8V; VAA = 2.8V; VAA_PIX = 2.8V;
VDD_PLL = 2.8V; TJ = 25°C; Dark lighting conditions

Symbol Definition Conditions Min Typ Max Units
fSCLK Serial interface input 

clock frequency 
100 400 kHz

tSCLK Serial interface input 
clock period

2.5 10 µs

SCLK duty cycle 40 50 60 %
tSRTH Start hold time Write/Read 0.6 µs
tSDH SDATA hold Write 0.6 µs
tSDS SDATA setup Write 0.6 µs
tSHAW SDATA hold to ack Write 0.6 µs
tAHSW Ack hold to SDATA Write 0.6 µs
tSTPS Stop setup time Write/Read 0.6 µs
tSTPH Stop hold time Write/Read 0.6 µs
tSHAR SDATA hold to ack Read 0.3 µs
tAHSR Ack hold to SDATA Read 0.3 µs

SCLK

SDATA

SCLK

SDATA

Write Start Ack Stop

Read Start Ack

tSHAR tAHSR
tSDHR

tSDSRRead Sequence

Write Sequence

Read
Address

Bit 7

Read
Address

Bit 0

Register
Value
Bit 7

Register
Value
Bit 0

Write
Address

Bit 7

Write
Address

Bit 0

Register
Value
Bit 7

Register
Value
Bit 0

tSRTH

tSCLK
tSTPStSDH

tSDS

tSHAW
tAHSW

tSTPH
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tSDHR SDATA hold Read 0.3 μs
tSDSR SDATA setup Read 0.1 μs

CIN_SI Serial interface input pin 
capacitance 

3.5 pF

CLOAD_SD SDATA MAX load 
capacitance 

30 pF

RSD SDATA pull-up resistor 1.5 – KΩ

Table 16: Two-Wire Serial Bus Characteristics (continued)
fEXTCLK = 6–54 MHz; VDD = 1.8V; VDD_IO = 2.8V; VAA = 2.8V; VAA_PIX = 2.8V;
VDD_PLL = 2.8V; TJ = 25°C; Dark lighting conditions

Symbol Definition Conditions Min Typ Max Units
®
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