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PERFORMANCE ANALYSIS

TARGET

RUN FASTSCORE: 29
STAYCOOLSCORE: 46

TOTALSCORE: =

-~

SPEED: Not bad, a little more practice and
your device will be humming.

TEMP: You're staying cool, but it wouldn’t
hurt to optimize.

Want to optimize your device for better
performance ..and a higher score?

Would you like to
optimize your device?
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Characteristics of MOS Device
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Interface between designer and process engineer
Guidelines for constructing process masks
Unit dimension: Minimum line width
scalable design rules: lambda parameter
absolute dimensions (micron rules)




CMOS Process Layers
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Vias and Contacts
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CMOS Inverter Layout
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Bipolar Transistor Layout
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Figure 2. EmKay Sisonic Microphone,.This
microphone is made from Silicon and is only
millimeters large.

(Photo Courtesy of EmKay) | ‘
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Temperature Compensation Analysis of Liquid Lens for Variable-Fbcus Control, Shu-Jung Chen and Chih-
Hsiung Shen, Proc. SPIE Photonic West 2006. (EI)
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o What’s the next ?

IBM 256 Mb DRAM

Nano CMOS



C:/Documents and Settings/Administrator/Local Settings/Temp/Score 74.avi

CCD

H'sa

!

«m

noleyworld

cCue
Drigital
sigral
processing
To transmission,

recording,
display device

CCU {Camera Control Unit)

B HD-5D1
sets

*Analog signal
processing
*AD conversion

CCD driving circuit

2.5-inch prism

Herizontal transfer CCD
Output amplifier
B output taps

‘E Total horizontal pixels 4,400 pixels/line
Accumulation a E — <« Total lines 2,250
' ' ' E — & Valid pixels Approx. 8 million
i . I:E % Aspect ratio 16:9
! Optical area | ,_E :-. Frame frequency 60 frames/second
M{H} §< 2043{% s ..E Scanning system Progre ssive scanning
. I 1: E Imaging system RGB 3 CCDs
Accumulation a g q—E
— =
13

' FEPEEET

8 output taps . “ﬁ ;
e gt




Microlenses
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Microlens or Lenslet Arrays
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Circuit Structure
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CCD Structure
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Anatomy of a Charge Coupled Device (CCD)
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Charge Couple Device
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CCD Spectral Sensitivities

Frontside and Backside llluminated CCDs

100
- Figure 1 g Type
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lllcon Photodiode ilicon
g » Substrate Array fubstrate
a V""" 1n
> ~— -+~ Incoming
gso . Photons
o . -
§ '
w 40 Incomlng ‘ Thinned
g Photons ) Silicon
£ Photodiode
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Wavelength (Nanometers)

Recently, transparency of the channels has been increased with substantial improvement in blue-green
sensitivity of some scientific-grade CCDs (Blue Plus curve in Figure 1) through the use of pioneering gate
materials and proprietary phosphor coatings. Coatings of this type (Lumogen) are deposited directly onto
the array surface and emit light in the 500 to 580 nanometer region when excited by short wavelength (120
to 450 nanometer) high-energy ultraviolet and visible light. Phosphors embedded within the coating
produce a secondary fluorescence that is emitted in all directions, with only those photons entering the
array being absorbed to yield a quantum efficiency of approximately 15 to 20 percent. The coatings are
transparent to visible light, so they do not affect photon absorption at wavelengths exceeding 450
nanometers, producing an apparent spectral response range of almost 1000 nanometers (120 to 1100
nanometers).

©




CCD Clocking Schemes
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Two Phase CCD Clocking
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Two Phase CCD Clocking
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Three Phase CCD Clocking
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Interline Transfer CCD Architecture

4-Pixel Array

Parallel § @ 8| A Y- Photodiode
ccDiPhotodiode CCP 1 HIRYE| R ERY\

Shift Register

Parallel Shift
Register Clock
Control

Serial Shift

Output Register Clock
Am ﬁﬂer Serial CCD ¢
3 Shift Register Figure 1 Sonsrl

Masked regions of the pixels are positioned alongside the photodiode elements in an alternating parallel array
traversing the length of the CCD's vertical axis. Photodiodes in the array comprise the image plane and collect
incoming photons projected onto the CCD surface by the camera or microscope lenses. After image data has
been collected and converted into electrical potential by the image array, the data is then quickly shifted in a
parallel transfer to the adjacent CCD storage area of each pixel element. The storage portion of the pixel
element is illustrated as a cluster of gray-scale elements covered with an opagque mask adjacent to the red,
green, and blue photodiode elements in each CCD. These pixel elements combine to form vertical columns

that run from the serial shift @
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Electron Multiplyin
cCD plying

Architecture

Photodiode
Sensor
Array

Charge
Transfer /
Direction

Frame
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Register

The image array consists of a light-sensitive photodiode register, which acts as the image plane and
collects incoming photons projected onto the CCD surface by the camera or microscope lenses. After
Image data has been collected and converted into electrical potential by the image array, the data is
then quickly shifted in a parallel transfer to the storage array for readout by the serial shift register.
Transfer time from the image-integrating array to the shielded storage array is dependent upon the
pixel array sizes, but is typically on the order of 500 microseconds or less. The storage array is not
light sensitive in most frame-transfer CCD designs, however some arrays are not equipped with an

integral light shield. Arrays of the this design are capable of being operated in either full-frame or
frame-transfer modes. @
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The pixel array illustrated in the full-frame CCD above consists of a parallel shift register, onto which images
are optically projected by means of a camera lens or microscope optical train. In this configuration, all of the
photodiodes in the pixel array collectively act as the image plane and are available for detecting photons
during the exposure period.
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Lateral Overflow Drain to Prevent Blooming
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Figure 3

Saturation and blooming are related phenomena that occur in all charge-coupled device (CCD) image
sensors under conditions in which either the finite charge capacity of individual photodiodes, or the

maximum charge transfer capacity of the CCD, is reached. Once saturation occurs at a charge

collection site, accumulation of additional photo-generated charge results in overflow, or blooming, of

the excess electrons into adjacent device structures. A number of potentially undesirable effects of

blooming may be reflected in the sensor output, ranging from white image streaks and erroneous pixel

signal values (as illustrated in Figure 1) to complete breakdown at the output amplification stage,

producing a dark image.




ot Fixed Pattern Noise

Fixed variation in offset and gain from pixel to pixel

Can be caused by many physical differences in the
sensors and circuitry.
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CMOS Imager
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