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Seminar OverviewSeminar Overview

Design a low cost, high-speed, digital camera with a USB 
2 0 i t f

Purpose

2.0 interface.

Overview

• Design Objectives
• Camera Design Flow

Overview

g
• Component Selection
• Reconfigurable Hardware
• PCB Layout
• Future Development
C l i Fig 1 Camera PCB and Enclosure
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• Conclusion Fig 1. Camera PCB and Enclosure
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Design ObjectivesDesign Objectives

General Specifications

Communication InterfaceCommunication Interface
• USB 2.0 Data communication.
• 3.3V I/O triggers.
• I2C external device communication.

Imaging
• 3 mega pixel colour images.3 mega pixel colour images.
• 6 frames per second minimum transfer.

Processing
• Reconfigurable embedded system (upgradeability).

Memory
• EEPROM for device settings
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• EEPROM for device settings.
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Camera Design FlowCamera Design Flow

Bottom-Up Methodology

1) Select specific 1) Select specific 
components.

2) Program desired 
component operation.

3) Combine components 
to prototype device.to prototype device.

4) Combine component 
groups on single PCB

5) “Tweak” as necessary.
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Component SelectionComponent Selection

Required Hardware

1) Imaging sensor1) Imaging sensor.
2) USB 2.0 microcontroller.
3) Reconfigurable device (FPGA or CLPD).) g ( )
4) External system communication (ie. I2C bus).
5) Small EEPROM for device settings.
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Component SelectionComponent Selection

Imaging Sensor (CCD or CMOS?)

• From our design specifications:From our design specifications:
• Inspect flaws 0.1mm in size -> 1024x768 resolution
• Colour
• Satisfy required throughput (250 caps/min) -> 6 fps
• Low Cost -> Supporting hardware and development.

Performance CCD CMOS
Responsivity Moderate Slightly better
Dynamic Range High Moderate
Uniformity High Low to Moderate
Uniform Shuttering Fast, common Poor
Speed Moderate to High Higher
Windowing Limited Extensive
Antiblooming High to none High
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Biasing and Clocking Multiple, higher voltage Single, low-voltage
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Component SelectionComponent Selection

FPGA Selection

• From our design specifications:From our design specifications:
• Memory size -> Image line buffering and FIFO buffer.
• Logic capacity -> Sophisticated image reconstruction.
• Development Time -> Minimize.
• Footprint -> Small to meet PCB area constraints.
• I/O capacity -> Insignificant.

Series Domain Description Cost (CAD)

Spartan-3A DSP DSP – Optimized For applications where integrated DSP 
MACs and expanded memory are required.

$140 to $215

Spartan-3AN Non-Volatile
For applications where non-volatile, 
system integration, security, large user 
fl h  i d

$13 to $80
flash are required.

Spartan-3A I/O Optimized
Ideal for bridging, differential signalling 
and memory interfacing applications, 
requiring wide or multiple interfaces and 
modest processing.

$63 to $88

Spartan 3E Logic Optimized
Ideal for logic integration, DSP co-
processing and embedded control, $11 to $75
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Spartan-3E Logic Optimized processing and embedded control, 
requiring significant processing and 
narrow or few interfaces.

$11 to $75

Spartan-3 I/O + Logic Optimized Ideal for highly-integrated data-
processing applications.

$10 to $130
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Component SelectionComponent Selection

• USB 2 0 device communication

External/ Internal Communication Bus

• USB 2.0 device communication.
• Via widely used available Cypress USB microcontroller.
• Auto-commit USB data packets with 4 buffers for uninterrupted 

data transferdata transfer.
• Data rates up to 40MBps.
• Very small MINI-B connectors.

• Inter-Integrated Circuit (I2C) bus.
• I2C bus extender for external communication.
• Widely supported on most IC devices.
• Interface with EEPROM for device settings.

• 3.3V I/O for triggers and debugging.
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Component SelectionComponent Selection

• 3 3V  2 5V and 1 2V for FPGA power

Power Supplies

• 3.3V, 2.5V and 1.2V for FPGA power.
• 3.3V digital for Cypress chip and supporting ICs.
• 3.3V digital for Micron imaging sensor.
3 3V l f  Mi  i i  • 3.3V analog for Micron imaging sensor.

TPS75003 Triple Supply
N h  b k t  (  t  3A f  I/O d • Non-synchronous buck converters (up to 3A for I/O and 

core.)
• Low Dropout linear regulator (300mA for aux power)
• Soft start feature to prevent inrush current during start 
up and provide desired voltage ramps for FPGA power.
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Reconfigurable HardwareReconfigurable Hardware

Frame timing and data synchronization

FPGA Overview

• Frame timing and data synchronization.
• Image processing (demosaicking and enhancement.)
• Digital Clock Management (DCM).
• I2C Communication.
• Output Control.
• Data buffering.g
• Trigger Delay.
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PCB DesignPCB Design

• PCB dimensions and layers

PCB Design Considerations

• PCB dimensions and layers.
• Component Placement.
• Power and Ground planes and 

irouting.
• Bypass capacitor sizing and 
placement.p
• Vias
• Data bus routing.
• Trace widths and signal Trace widths and signal 
routing.
• I/O connector placement and 
clearance
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clearance.
• Silk screening
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PCB DesignPCB Design

PCB Component Groups

1) Power Supply1) Power Supply
2) FPGA
3) I2C Components
4) C  USB MCU4) Cypress USB MCU
5) Micron Imaging Sensor

1

3

5

24 2
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PCB DesignPCB Design

Power and Ground Planes

• Maximize area of power planes• Maximize area of power planes.
• Greater capacitance to parallel ground plane.

• Minimize bends and loops.
R d  “S di  I d t ”• Reduce “Spreading Inductances”.

• Ideally, separate plane for 
every source.

• Noisy planes nearest to surface 
layers to minimize via lengths.

• Separate analog and digital 
ground planes.
•Copper fill free surface space 
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Copper fill free surface space 
with ground plane.
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PCB DesignPCB Design

Decoupling Capacitance

• Create a low  flat  power supply impedance over the • Create a low, flat, power supply impedance over the 
operating frequency range: typ. 500kHz-500MHz
• Place one capacitor per power pin.
U ili    f  l• Utilize a range of cap values.

• Small caps have less impact on total impedance profile and 
hence more are required.

• Example 48pin design:
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PCB DesignPCB Design

Decoupling Capacitance cont.

• Placement is critical!• Placement is critical!
• Minimize trace and via lengths to reduce inductance.
• Transmission delay of current introduces latency in the 

capacitors response to fluctuations in the PDScapacitors response to fluctuations in the PDS.
• Effective resonant frequency varies greatly from “self” 
resonant frequency. LC

FR π2
1

=
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PCB DesignPCB Design

Component Placement

• Component spacing• Component spacing.
• Critical trace widths and spacing.
• Successful routing.
C i i l h• Critical paths.

• Signal Delay
• Parasitic Inductance

C  fill• Copper fill.
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PCB DesignPCB Design

Manufacturing Files

• PCB “stack up” layer information• PCB stack-up  layer information.
• Copper etch.
• Solder mask.
S ld  • Solder paste.

• Silk screen.
• Drill holes.
• Board machining.
• Component placement.
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Future DevelopmentFuture Development

Image Processing

• Incorporate more sophisticated algorithms for • Incorporate more sophisticated algorithms for 
image reconstruction.
• Alternate colour formats.
I  i• Image compression.

Communication

• Enhanced error checking and reporting.
• Debugging output features.
• Improve I2C communication in reconfigurable Improve I2C communication in reconfigurable 
device.
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Future DevelopmentFuture Development
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