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Analog Front End Imaging Guide

Q Analog Front Ends - Imaging

Tl Covers the Image Capture Spectrum

TI’s product line covers a broad spectrum of image capture applications with diverse
requirements. Portfolio offerings, application support, product quality and manufac-
turing excellence allow you to customize imaging systems for specific applications
with confidence. TI’s imaging products are optimized to work together, yet also allow
you to mix-and-match with third-party components when required. Use the guides
and information featured in this brochure to make the best selections for your needs.
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TI’'s AFE supports a wide variety of third-party CCD image sensors from VGA through 14MP. The Imaging AFE accepts
the analog sensor output, provides signal conditioning and digitizes the signal in the ADC. The digitized signal is easily
interfaced to a broad range of DSPs, including TI’s DaVinci™ and Sitara™ processors with integrated image pipe for
enhanced video and image processing.
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Image Sensors

© Selecting an Image Sensor

Tl offers a number of different image sensors. Many are optimized to support specific applications. Selecting the correct image
sensor depends on several variables: resolution, responsivity, dynamic range, output characteristics and speed.

Image Sensor Selection Guidelines

Selection Criteria

Resolution

Responsivity

Dynamic Range

Output

Speed

Description

Number of pixels determines the quantity of detail(s) that will be resolved.

Ability of a pixel to convert a photon signal to an electrical signal: mV/lux or mV/watt.

Ability to capture bright and dark elements of a scene SNR = 20 log (maximum

signal/noise).

Output type and number: CCDs use CDS, CMOS use S/H.

Rate at which pixels are read units = MHz or MSPS.

Example: Sensor Selection for Security Application

Resolution: select desired number of pixels

Pixel number:
For NTSC:

Your application:

Responsivity: select desired response to light

Your application:

Horizontal pixels X Vertical pixels = Total pixels
658 X 496 = 326 Kpixels
X =
Fair Good Better
CMOS with CCD with RBG filters CCD with CMYG
integrated ADC filters or CMOS
sensor with

external AFE

Dynamic Range: select desired range of response

Your application:

Fair Good Better
CMOS with CCD with CCD with 14-bit
integrated ADC 10- to 12-bit AFE AFE, or CMOS with

external AFE

Speed: calculate the data output rate

Pixel number:
For NTSC:

Your application:

Horizontal pixels  x

Vertical pixels X Frame rate =

658 X 496 X 60 =

Guidelines

For an area array: number of rows x the number of pixel columns.
For a linear array: number of pixels in a row

For constant sensor area: larger pixels capture more photons
and show higher responsivity while smaller pixels provide more
resolution.

30dB for useable image quality, 40dB for better image quality,
+45dB for best image quality.

Match type and number of sensor output channels to AFE number
input type.

Area sensor = resolution x frame rate, linear sensor = resolution
X line rate.

Brochure Legend

Code  Description

ADC Analog-to-Digital Converter

AFE Analog Front-End

CCD Charge-Coupled Device

CDS Correlated Double Sampling
Best CMOS | Complementary metal-oxide semiconductor
Black and white CCD dB Decibels

DSP Digital Signal Processor

EMCCD | Electron Multiplier CCD

FS Full Scale

NTSC Analog ltelevision gt_andard establishe(_j by
Best the National Television System Committee
CCD with16-bit AFE SNR Signal-to-Noise Ratio

SoC System on Chip

WDR Wide Dynamic Range

X Times, or to multiply by
Pixels/S (MHz)
20MSPS
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Image Sensors

© Selecting the Correct Imaging AFE

Tl designs different AFEs optimized for particular applications. To select the correct AFE, several properties must be identified:
AFE-input channels, sensor output type (CCD or CMOS), pixel samples per second, number of bits output, SNR and gain.

Imaging AFE Selection Guidelines

Selection Criteria

AFE channels

Sample rate (MSPS)

Bits output

SNR

Gain

Description

Analog inputs to AFE(S).

Sampling rate for each AFE channel in terms of pixels-
per-second.

The bits output is based on the number of bits desired
in the final result.

Signal-to-noise ratio.

Amplify input signal to use entire ADC range.

Example: AFE Selection for Security Application

Resolution: select desired number of pixels

Guidelines

Total number of AFE channels must equal total number of sensor outputs.
Any combination of single-channel and multi-channel AFEs may be used.

Area sensors: MSPS ~ sensor resolution (in MP) x frame rate (fps).
Linear sensors: MSPS ~ pixel resolution x line rate.

TAFE bits = number of bits desired in final application +2 to 4-bits.

AFE SNR = sensor SNR +6 to 10dB.

If sensor SNR not known, then AFE SNR = sensor DR + 10dB.

Highest AFE gain = AFE FS/smallest expected sensor output signal (white).

Quality Assurance
Tl recognizes the importance of

Pixel number: Horizontal pixels ~ x  Vertical pixels X Frame rate = Pixels/S (MHz) advancing industry standards and is
committed to working on regulatory
RIS e LGl L S Al as well as U.S. and international
o voluntary standards. As an active
jelibteston: X X = member of numerous global industry
Bits output: select desired response to light associations and with a strong
) L ) ) ) commitment to the environment,
Bits output: Bits in final image after processing  + 2 to 4-bits ADC output bits .
Tl has emerged as a leader with
For NTSC: 8 +2t04 10 to 12-bits its Lead (Pb)-Free programs. An
Your application: 12104 initiative begun in the 1980s to find
SNR: required SNR for the AFE alternative m_atenals fqr products
has resulted in the majority of Tl
SNR: Sensor SNR or dynamic range + 6 t0 10dB AFE SNR(dB) products being available Pb-Free
For CCD sensor: 60dB + 6 to 10dB 66 to 70dB and green.
Your application: + 610 10dB For all your Lea (_j. _(-'?Ql:-':_!_e-‘:‘ _______________
Gain: calculate the minimum gain required questions, visit !v_ww-_ti;qqml_qu_a_lilx !
Minimum gain: AFE full-scale input Minimum sensor e
output for white Gain(dB)
For example: 1.0V FS input 0.1V = 10V/V or 20dB
Your application: = ____VNor20Log (V/V) ’

Analog Front End Imaging Guide

Texas Instruments 1Q 2011


www.ti.com/quality
www.ti.com/quality

Analog Front End Imaging Guide

Q Selection Tables

PhotoFlash Gapacitor Chargers

Peak Power Over
Peak Current  Current | Switch IGBT Voltage Thermal Thermal
Device Vee Vv Viax (A) (min) (A) (V) Driver Shutdown Monitor = Shutdown Package Price*
TPS65520A 5 1.8 12 0.95 1.8 50 X X X 10-MSOP- 4.95
PowerPAD™
16-QFN
IPS6556( 3 16 12 0.9 18 50 X X X 16-QFN 0.85
TPS65561, 3 1.6 12 1.1 2.2 50 X X X 16-QFN 0.95
TPS67050! 55 25 55 — 1.2 X X 10-SON, 1.90
LED Drive 12-DSBGA
AFE and Support Chips
SNR = Bits = MSPS Pd VS DNL INL
Device Description AFE TG VD (dB) Qut (MHz) (mW) v) (+LSB) = (xLSB) Gain (dB) Package Price*
Single-Channel AFEs
VSp2582 Single Ch., 12b,36MSPS | X | — | — | 78 12 36 85 |27t033| 05 2 91035 36-QFN 3.20
VSP2560 Single Ch., 10b, X | —| — | 78 10 36 86 | 27t33 05 0.5 —9t044 48-QFP 3.85
36MSPS, 2 8-Bit DACs
VSP2562 Single Ch., 12b, X | — | — | 78 12 36 86 |27133| 05 2 -9 to 44 48-QFP 5.65
36MSPS, 2 8-Bit DACs
VSP2566 Single Ch., 16b, X | — | — | 78 16 36 86 |27t033 2 32 —9t0 44 48-QFP 9.40
36MSPS, 2 8-Bit DACs
VSP8244 | Single Ch., 14b,50MSPS| X | X X 80 14 50 140 | 271033 | 05 12 0to 51 98-BGA =
MicroStar
Junior™
VSPO1MOZ | Single Channel, 12b, X | X X 78 12 36 139 | 271033 1 2 —9t044 | 100-BGA 7.25
36MSPS
VSPOTMOT | Single Channel, 10b, X | X X 78 10 36 139 | 271036 05 1 —9t0o44 | 100-BGA 6.25
36MSPS
VSP8133 Single Ch., 14b, 50MSPS | X | X X 80 14 50 140 | 271033 | 05 12 0to 51 64-QFN o
Multi-Channel AFEs
\Sp2254 2 Ch., 14b, 36MSPS X | — | — 75 14 36 210 | 3.0t033 2 8 0 96-BGA 17.25
Monostar
VSP2590 2 Ch., 16b, 41MSPS X | — | — | 75 16 41 290 |[27t033 08 32 —3t05 | 159-NFBGA | 18.00
AFE for Line Sensor
VSP5010 | 2Ch., 12b, 3IMSPS X| — | — | 78 12 30 290 | 31036 0.5 2 0to24 64-LQFP =
VSP7502 4 Ch., 16b, 54MSPS, X | X — | 78 16 54 400 | 1.8V core, 1 32 0t040 | 159-NFBGA 0
LVDS Output 3.3V1/0
Vertical Drivers
Device ‘ Description ‘ Drivers ‘ Drive Voltage E- Shutter Control ‘ Price*
VSP1300 | CCD Vertical Clock Driver | 3-Level Drivers x 5, 2-Level Driversx3 | H=11t015V,L=-5t0-9V X L 790

*Suggested resale price in U.S. dollars in quantities of 1,000. **Please contact your local Tl representative for pricing information. Preview products are listed in bold blue.
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Packaging

Package Length

Pin/Package Symbolization (mm)
36-QFN RHN 6.3
48-QFN PT 7
64-QFN RGC 9
64-LQFP PM 10
80-TQFP PFC 12
96-BGA Monostar GSJ 9
98-BGA MicroStar Junior™ ZRC 6
100-BGA ZWD 7
159-NFBGA ZWV 8

Width Area Pitch Lead Package
(mm) (mm2) (mm) Height (mm)+
6.3 39.7 0.5 0.9
7 49 0.5 14
9 84 0.5 1.0
10 100 0.5 1.6
12 144 0.5 1.2
9 81 0.8 1.2
9 54 0.65 1
7 49 0.65 1.2
8 64 0.5 1.2
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Tl E2E™
Community

engineer.to.engineer,
solving problems

Connect with your peers and
customers to ask questions,
share knowledge, explore
ideas and solve problems.

Join the discussion today!

e2e.ti.com

Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center Home Page
support.ti.com

TI E2E™ Community Home Page

Asia

Phone
International +91-80-41381665
Domestic Toll-Free Number

Note: Toll-free numbers do not support

: mobile and IP phones.
e2e.ti.com Australia 1-800-999-084
= China 800-820-8682
Product Information Centers Hong Kong 800-06-5041
Americas Phone +1(972) 644-5580 India 1-800-425-7888
Brazil Phone 0800-891-2616 Indonesia 001-803-8861-1006
. Korea 080-551-2804
Mexico Phone 0800-670-7544 Malaysia 1-800-80-3973
Fax +1 (972) 927-6377 New Zealand 0800-446-934
Internet/Email support.ti.com/sc/pic/americas.htm Philippines 1-800-765-7404
. . Singapore 800-886-1028
Europe, Middle East, and Africa Taiwan 0800-006800
Phone Thailand 001-800-886-0010
European Free Call 00800-ASK-TEXAS Fax +8621-23073686
(00800 275 83927) Email tiasia@ti.com or ti-china@ti.com
International +49 (0) 8161 80 2121 Internet support.ti.com/sc/pic/asia.htm
Russian Support +7 (4) 9598 10 701

Note: The European Free Call (Toll Free) number is not active in all countries.
If you have technical difficulty calling the free call number, please use the

international number above.

Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to TI's
standard terms and conditions of sale. Customers are advised to obtain
the most current and complete information about Tl products and services

Fax +(49) (0) 8161 80 2045 before placing orders. Tl assumes no liability for applications assistance,
Internet support.ti.com/sc/pic/euro.htm customer’s applications or product designs, software performance, or
Direct Email asktexas@ti.com infringement of patents. The publication of information regarding any
other company’s products or services does not constitute TI's approval,

Japan warranty or endorsement thereof.
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Fax International 181-3-3344-5317 B122010
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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