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1 System Description
Complementary metal-oxide semiconductor (CMOS) imaging sensors are dramatically impacting the field
of digital imaging. One of the great advantages of CMOS sensors over charged coupled devices (CCDs)
is the high level of product integration, such as the possibility to include the timing logic, digitalization, and
capture control on a miniature single chip, which reduces system power, cost, and size without much
compromise in performance.

A limitation of the CMOS imaging sensors is sensitivity to noise. Common noise sources are power supply
ripple and fluctuation, electromagnetic interference (EMI), and substrate noise coupling. External noise
sources such as power supply fluctuation and EMI can be mitigated or reduced to satisfactory levels by
proper circuit design.

CMOS imaging sensors generally require at least two voltage sources for the analog and digital circuits in
the chip. The analog circuits are typically powered from 2.8 V to 3.3 V and the digital circuits are powered
from 1.2 V to 1.8 V. Considerable ripple or substantial undershoot or overshoot transients can cause
distortion in the captured images.

The TIDA-00718 reference design provides a small size and high-input, voltage-ripple rejection power
supply to provide a stable and clean voltage source for the CMOS image sensor. In this design, a main
power rail of 5 V from a battery, Power over Ethernet (PoE), or DC adaptor is regulated down to three
voltage rails: 3.3 V, 1.8 V, and 1.2 V. Table 1 lists the values that correspond to each parameter.

This solution can be utilized in consumer electronics and commercial applications, such as IP network
cameras, analog security cameras, video doorbells, and many more.

The TIDA-00718 reference design provides test data, schematics, and PCB layout files, all of which can
be obtained from the design folder at www.ti.com/tool/TIDA-00718.

Table 1. TIDA-00718 Parameters

PARAMETERS VALUES
Input voltage range 3.3 V to 5.5 V

Output voltages 1.2 V, 1.8 V, and 3.3 V
3.3-V rail: IOUT maximum including LDOs connected at the output 1.2 A

1.8-V rail: IOUT maximum current 250 mA
1.2-V rail: IOUT maximum current 250 mA
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2 Applications
The TIDA-00718 design is scalable for many applications and systems that can benefit from the high-
power ripple rejection and small foot print.

For example, if a TIDA-00718 device has been complemented with a PoE power device (PD), then the
TIDA-00718 can serve as a power solution for IP cameras. Such applications benefit from the high-power
supply rejection capabilities of the LP5907 device because, in many PoE voltage delivery methods, the
power source equipment (PSE) supplies the DC voltage using active data pairs. On the receiver side
(IP camera), the DC voltage and data must be separated using a PoE controller and an AC filter or
transformers. The resulting voltage is typically a 5-V rail and it may contain crosstalk noise or induce
ripple. The TIDA-00718 power solution reduces the ripple and provides the necessary regulated voltage
rails for the CMOS image sensor.

For more information about IP cameras, visit the following links:
• www.ti.com/solution/camera_surveillance_ip_network
• http://www.ti.com/tool/TIDA-00079
• www.ti.com/tool/SAT0027

3 Block Diagram
Figure 1 shows the comprehensive block diagram of the TIDA-00718 design. The red blocks are the focus
components of this document. The grey blocks show the scalability of the TIDA-00718 power
management design. The CMOS image sensor has not been included in this design.

Figure 1. TIDA-00718 High-Level Block Diagram
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4 Highlighted Design Components

4.1 LP5907
The LP5907 linear regulator provides low noise, high PSRR, low quiescent current, and low-line and load
transient response. The device offers excellent noise performance without the requirement for a noise
bypass capacitor and is stable with input and output ceramic capacitors with a value of 1 μF. The LP5907
delivers this performance in industry standard packages such as DSBGA (0.675 mm × 0.675 mm),
X2SON (1.00 mm × 1.00 mm), and SOT-23 (2.90 mm × 1.60 mm), which, are specified with an operating
junction temperature (TJ) of –40°C to 125°C for this device. Figure 2 shows the LP5907 functional block
diagram.

This device is available with fixed output voltages from 1.2 V to 4.5 V in 25-mV steps. Contact a Texas
Instruments (TI) sales representative for specific voltage requirements.

Figure 2. LP5907 Functional Block Diagram
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4.2 LM3281
The LM3281 converter steps down an input supply voltage to a fixed output voltage of 3.3 V with an
output current up to 1200 mA. Five different modes of operation are used to optimize efficiency and
minimize battery drain. In pulse width modulation (PWM) mode, the device operates at a fixed frequency
of 6 MHz, which minimizes RF interference when driving medium-to-heavy loads. At a light load, the
device automatically enters into economy (ECO) mode with reduced quiescent current. In a low-battery
voltage condition, a bypass mode reduces the voltage dropout to 60 mV (typically) at 600 mA. If the user
desires a very-low output voltage ripple at light loads, the device can also be forced into PWM mode.
Shutdown mode turns the device off and reduces battery consumption to 0.1 µA (typically). Figure 3
shows the LM3281 functional block diagram.

Figure 3. LM3281 Functional Block Diagram

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUAO8


Design Implementation and Guidelines www.ti.com

6 TIDUAO8–February 2016
Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated

Small-Size, Low-Noise, and High-PSRR Power Reference Design for CMOS
Image Sensors

5 Design Implementation and Guidelines

5.1 CMOS Sensor
The CMOS image sensors are basically an array of light-sensitive components that produce an electrical
signal proportional to the incident light illuminating the subject. A CMOS image sensor is composed of
switching transistors, a photo-detector, and an active charge amplifier. All of these devices are sensitive to
fluctuation in the power supply. A noisy power supply affects the ability of a pixel to capture light and the
array readout process, which affects the quality of the image.

The typical voltage rails for power CMOS sensors are usually between 1.2 V and 3.3 V. The LP5907
device is available in a wide range of fixed output voltages from 1.2 V to 4.5 V in 25-mV steps.

5.1.1 LP5907
The LP5907 linear regulator only requires a minimum of 1-uF capacitors near the input and output pins.
Capacitor tolerances such as temperature variation and voltage loading effects must be considered when
selecting capacitors to ensure that the capacitors can provide the minimum required amount of
capacitance under all operating conditions for the application.

In general, ceramic capacitors are best for noise bypassing and transient response because they have
ultralow equivalent series resistance (ESR). Note that if using ceramic capacitors, only the types with X5R
or X7R dielectric ratings can be used.

In cases where the load has a fast slew rate and demands high current very quickly, TI recommends to
add more capacitance at the output to improve the transient response.

The LP5907 device has been used in the X2SON package, which is a very small package (1 x 1 mm) and
has a thermal pad for better thermal performance.

Enable control:
The LP5907 device can be switched ON or OFF by a logic input at the EN pin. A voltage on this pin
greater than the high input threshold VIH turns the device ON, while a voltage less than VIL turns the device
OFF. This pin has an internal 1-MΩ pulldown resistor to hold the regulator off by default. This feature can
also be used to enable the LP5907 output voltage in sequence after the 3.3 V is high, which is a
requirement of some CMOS image sensors.

5.1.2 LM3281

5.1.2.1 Operation Mode
PWM mode:
To ensure a low output voltage ripple, set the LM3281 device to operate in PWM mode with a fixed
frequency of 6 MHz. To select the PWM mode, the MODE pin (pin B1) must be connected to ground.

Bypass mode:
If the LM3281 device is operating from a battery source and the input voltage approaches the output
voltage, a bypass mode becomes activated. In this bypass mode, the battery connects to the output
through an internal bypass field-effect transistor (FET) and the bypass is turned on enough to maintain
regulation. When the device enters into dropout, the output voltage is the input voltage minus the voltage
drop across the RSON of the bypass FET in parallel with the PFET and the inductor.

http://www.ti.com
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5.1.2.2 Inductor
When selecting an inductor for use with the LM3281 device, select an inductor with the following
characteristics over the operating temperature range:
• DC resistance (DCR) ≤ 70 mΩ
• Inductance at 0-mA current = 0.47 μH ±20%
• Inductance at 1.4-A current ≥ 0.29 μH
• Inductance at 2-A current ≥ 0.26 μH.

5.1.2.3 Capacitors
The total effective output capacitance, including load capacitance (CLOAD1 and CLOAD2) and solution
capacitance (COUT), must be 3.4 μF to 9 μF.

The LM3281 has been designed for use with ceramic capacitors for its input and output filters. Ceramic
capacitors types such as X5R and X7R are recommended for both filters. Note that the suggested
LM3281 solution capacitors are derated by 50% to 65% at a 3.3-V DC bias.

http://www.ti.com
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6 Test Data
Before applying power to the TIDA-00718 board, verify all of the external connections. The external power
supply must be turned off before connecting. Confirm a proper polarity to the VIN and output terminals
before turning the external power supply on.

NOTE: The TIDA-00718 EVM is not available for purchase; however, reference design files can be
downloaded at http://www.ti.com/tool/tida-00718.

6.1 Test Equipment
The following Table 2 shows the test equipment used to collect test data.

Table 2. Test Equipment

TEST EQUIPMENT PART NUMBER
Oscilloscope Agilent DPO4014B

DC voltage supply Agilent E3631A
Multimeter Agilent E34401A

Network Analyzer Agilent E5061B ENA

6.2 Test Results
The following Table 3 shows a summary of the tests performed on the TIDA-00718.

Table 3. Test Summary

PARAMETERS 1.8-V RAIL 1.2-V RAIL SECTION
Line transient (100-mV line

step, 10-µs edge time)
Undershoot: 20 mV
Overshoot: 20 mV

Undershoot: 20 mV
Overshoot: 20 mV Section 6.2.3

Load transient (100-mA load
step, 10-µs edge time)

Undershoot: 20 mV
Overshoot: 3 mV

Undershoot: 20 mV
Overshoot: 4 mV

Section 6.2.2
Load transient (100-mA load

step, 30-µs edge time)
Undershoot: 2 mV
Overshoot: 0.5 mV

Undershoot: 2 mV
Overshoot: 0.5 mV

Noise spectral density (NSD)
10 Hz to 100 kHz

IOUT = 1 mA
12 μVRMS

10 Hz to 100 kHz
IOUT = 1 mA
10 μVRMS

Section 6.2.4

Power supply ripple rejection PSRR: 82 dB at 1 kHz PSRR: 75 dB at 1 kHz Section 6.2.5
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6.2.1 Sequencing
Sequencing can be achieved by independently controlling the signal at the EN pin of the LP5907 LDO,
LP5910 LDO, and the LM3281 switching regulator.

Figure 4 shows a sequencing example. The 1.2- and 1.8-V output voltage of the LP5907 device and
LP5910 device comes up after the LM3281 device.

Figure 4. LP5907 Output Voltage Sequencing

6.2.2 Load Transients
The load transient test is defined as the change in output voltage from a nominal value resulting from a
change in load current.

This subsection shows the load transient responses using the minimal required output capacitance for the
LP5907 device and LP5910 device. The LM3281 device has two additional load capacitors. The transient
response can be improved by adding more capacitance between the output pin and ground.

Figure 5. LP5907 1.2 V
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Figure 6. LP5907 1.2-V Undershoot Close-up

Figure 7. 1.8-V LP5907 Load Transient 30-µs Load Step
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Figure 8. LP5910 1.8-V Transient Response

Figure 9. LP5910 1.8-V Undershoot Close-up

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUAO8


3.3-V LM3281
(AC coupled) 20 mV/div

200 mA/div
ILOAD

10-µs step

100 µs/div

1.8-V LP5910
(AC coupled) 10 mV/div

50 mA/div

ILOAD

30-µs step

20 µs/div

Test Data www.ti.com

12 TIDUAO8–February 2016
Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated

Small-Size, Low-Noise, and High-PSRR Power Reference Design for CMOS
Image Sensors

Figure 10. 1.2-V LP5910 Load transient 30-µs Load Step

Figure 11. LM3281 Transient Response
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6.2.3 LDO Line Transient Test
The line transient response test is the response of the power supply to changes in the line voltage.

The blocks in Figure 12 represent the test setup and the color-coded circles indicate the test points.
Figure 13, Figure 14, and Figure 15 show how the 1.8- (blue) and 1.2-V (red) voltage rails respond to fast
line transients.

Figure 12. LDO Line Transient Test Setup

Figure 13. Line Transient Response
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Figure 14. Close-up of LM3281 Undershoot and LDO Line Transient Response

Figure 15. Close-up of LM3281 Overshoot and LDO Line Transient
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6.2.4 LP5907 Spectral Noise Density
This test shows the spectral noise density over the unit of frequency. Figure 16 compares frequency and
noise power in dBs.

Figure 16. LP5907 Spectral Noise Density 10 Hz to 10 MHz
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6.2.5 LP5907 Power Supply Ripple Rejection
Calculate the ratio of output voltage ripple rejection by comparing the regulated output voltage of the
device under test (DUT) with the input voltage ripple over a frequency range of 10 Hz to 10 MHz.

The chart in Figure 17 compares the power supply rejection ratio over frequency under the following
parameters.

Test parameters:
CIN = COUT = 1 µF

VIN_AC = Sweep from 10 Hz to 10 MHz

Room temperature = 23°C

EN pin tied to VIN

Figure 17. LP5907 PSRR

6.2.6 LM3281 Efficiency
Figure 18 and Figure 19 show the LM3281 in two different modes of operation: PWM and forced PWM.
PWM mode provides a higher efficiency by automatically changing to ECO mode during low loads and the
forced PWM has a lower efficiency but has a lower output voltage ripple.

Figure 18. Forced PWM Efficiency vs Output Current Figure 19. PWM Efficiency vs Output Current
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7 Design Files

7.1 Schematics
To download the schematics, see the design files at TIDA-00718.

Figure 20. TIDA-00718 Schematic

7.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00718.

7.3 Layer Plots
To download the layer plots, see the design files at TIDA-00718.

7.4 Altium Project
To download the Altium project files, see the design files at TIDA-00718.

7.5 PCB Layout Recommendations
The following list offers recommendations for the PCB layout (see Figure 21).
• Minimize inductance in the path between the LM3281 COUT capacitor and the load bypass capacitors

C5 and C6 for the best performance. The total power path inductance from the LM3281 output to the
load (including vias and traces) should target < 1 nH and must not exceed 2 nH.

• For all the components, minimize the inductance between the VIN and GND for the best performance.
• As a general rule, avoid connections using long trace lengths and narrow trace widths. These kinds of

connections add parasitic inductances and resistance that result in an inferior performance, especially
during transient conditions.

• Avoid any sharp corners. Electric fields tend to build up on corners, which increases EMI coupling.
• The input and output capacitor must be placed as close as possible to the components input and

output pin of the LP5907 device.
• Ensure a low impedance path for grounds and return paths.
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Image Sensors

Figure 21. TIDA-00718 Layout Guidelines

7.6 Gerber Files
To download the Gerber files, see the design files at TIDA-00718.

7.7 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00718.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate TI semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.
TI reference designs have been created using standard laboratory conditions and engineering practices. TI has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. TI may make
corrections, enhancements, improvements and other changes to its reference designs.
Buyers are authorized to use TI reference designs with the TI component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.
TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.
TI reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent TI
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
Reproduction of significant portions of TI information in TI data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use of any TI components in
Buyer’s safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.
Only those TI components that TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.IMPORTANT NOTICE
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