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Bucket-Brigade .

Device

Hereisa picture of an old Bucket Brigads. X

Fireman are passing pails of water up te
the fire.

rh'w 1969 F. Sangster and K. Teer of the Philips Research Labs invented

_ the Bucket-Brigade Device or BBD. This device basically transfers
charge packets from one transistor to another. One year later, W.
Boyle and G. Smith of the Bell Laboratories extended this concept
by inventing a transport mechanism from one capacitor to another
one. This new device got the name Charge Coupled Device or
simply CCD.
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ANcliciged=coupledidevice is a light
Jer SitiveNnteagratedi circuit that stores
analdisplays the datal for an image in
_;r 3 fanway that each pixel in the

Sinege s converted into an electrical
S Charge the intensity of which is related
5 -#ﬁméfb__a CoJor Spectrum.

e

— = PRuft anotherway, each CCD
~ = represents a single-image pixel.

* = Eor a system supporting 65,535
colors, there will be a separate value
foreach color that can be stored and
recovered.
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gherged-CouplediDevice

Integration of - |L
Photon-Induced ° |
Charge "

CCD ch|p IS anlarray. of .-
dee Semiconductor paraliel Skt S IR g 1 Ty
Eitors (MO@Sicapacitors), each ey ST UM A R
-;r |tor epresents a pixel. By 5"”"“‘”"““"—” -
pPIying aniexternal voltage to the
-plates of the MOS structure, PShit (1 Row)

Tl

= ___. ' aTges (electrons (e-) or holes’

e ":(h )icanibe stored in the resulting
== ==poeiental well. These charges can
‘e shifted from one pixel to il Register
another pixel by digital pulses Shift to Gutput
applied to the top plates (gates).
In this way the charges can be
transferred row by row to a serial AR -
output register. The picture is the Figure 5 RRESCASRES

display of the electron distribution. Bucket Brigade CCD Analogy  faibrated |

Container
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jarged-Coupledsdevice

Integration of

IBIREAGIF LIS PHOCESS as Phoign-nduced ‘ ra -
spigeuing like a bucket (R T
BlOE0E, Where water in a . 'w“
pUCKetiat the beginning of a 6}.‘..-_,».--#)5.__&
_ l]ff' IS transterred to the end of
&= {lieline after being passed
T from bucket to bucket. This
— charge transfer occurs with an
efificiency greater than 99.9% S e
per pixel.

Parallel

Parallel Register
Shift {1 Row)

Figure § Conveyer Belt

Bucket Brigade CCD Analogy romvm o

Container
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Reading| Chargess
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C] Ilenge IS ieading
Selcharnges out of the array
} \rcan be digitized. To do
I, weach ndividual CCD g it
IELECLON, or pixel, consists of e | 0o Gate g iy
i ee transparent polysilicon Nl T /
__-_v--==-+—'a eVer a buried channel of =~ v 4
== doped photosensitive silicon o,
— that generates the charge. The ' | 2
: channel I1s flanked by a pair of
channel stop regions that
confine the charge.
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C] Ilenge IS ieading
Selcharnges out of the array
} \rcan be digitized. To do
J} BaCh |nd|V|dua| CCD CCD Sense Element {Pixel) Structure

Phase 3 Phase 2

IELECLON, or pixel, consists of Photons * @OV 2 .
Siliiee  transparent polysilicon  Bate ™
__-_v--==-+—'a eVer a buried channel of :
=== __:croped photosensitive silicon
— that generates the charge. The
: channel I1s flanked by a pair of
channel stop regions that p-Type Silicon e .

confine the charge. Electrons __Figure 3
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Reading Chargess
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JIBNELD and digitize a

PeiIcliai CCD'S| charge; the

VelelES O the! three gates are

SYGIEA I @ seguence that Reading Charges @ Seesoeomes |
PISES the charge to migrate Out of an Array © enros

Az each row reachis he
| amay=edge, T's fransiered

Celllse
eewWarthe channel to the next S\ et

== gate, then to the next pixel,
= and ultimately down the row ,h -
= until'it reaches the end EEEEEEEE
column, Where It's read out
Inte a serial register and
ultimately sent to an analog-

to-digital converter.
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Outpubt.ReselutieR™

IHENIEIIONaRCE off a CCDI IS oiten
ff) ,es ed Py IS eULpUL reselution,
WHICHNRTOUrn s a function of the
IUMBER G photo; sites on the

CCD’ surface

= :‘r e CCD employed in the
—ASYSHARE V1273, for example,
: -*"*rcontalns 4088 photo sites on its
= orizontal axis and 3040 on its
: vertical axis (4088 x 3040 pixels)
which gives it 12 million pixels or
12 megapixels of effective output

resolution
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Captuing Cole
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» BECa Use the CCD |mag|ng array Is only
ef Sitive te light intensity, color has to be

sttied.

= :,::,:, he acguisition of color images with a CCD
= Camera requires that red, green, and blue
Wavelengths be isolated by color filters,
acguired separately, and subsequently
combined into a composite color image.
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Seapturing.Color (8GEDHs)
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OIIENEV 10 Capilie a color
mege: Is to use three CCD
Sl each covered by a filter
@ENElApreduced by painting

Dichroic

HENCCD'S surface with dye) Coating #N

BNEL passes one of the three

= " ™

e Primary: colors - red, green or

= Dliie. Onboard camera

— electronics merge these
prmary components into a
color pixel. Because it requires
three CCD arrays, this system
IS found only in high-end

cameras and camcorders.

BLUE
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SHENVEV oI captire a color
ernge— teruse! three CCD
Ziiclseachcovered by a filter
@suellypreduced by painting
WENCCDIS surface with dye)

_-=Ffr ' passes one of the three

= PlImany colors - red, green or

2 ;E”é:’fﬁ’fue Onboard camera

~—  ¢lectronics merge these

: prHmary compoenents into a

color pixel. Because it requires
three CCD arrays, this system
IS found only in high-end
cameras and camcorders.
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\rur o approach IS &
-sequentlal method
nemploys a single
( el to) seguentially

— pture a Sseparate Iimage

s:‘”fﬁr each color by

_-“-"‘ ~ switching color filters

-~ placed in the illumination

path or In front of the

Imager.
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selring Coloy (Frame=Seguental)™

arate [ed, green,

L A lte Images, the

_-_-_,:__ﬁ-— lIFspatial resolution

= -——D_f the chip Is

— Maintained, and

~ Image registration Is

automatically
obtained.
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Czlo) £_ g Color (Bayer Mesgle Fatter)

WENI05E common and
Jow* o5t method! is to
plenket the CCD pixel
IfEy Wit an alternating

&= ask of red, green, and

= ”"““‘“blue (RGB) microlens

= filters arranged in a
specific pattern, usually
the Bayer mosaic
pattern.
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Czlo) £_ g Color (Bayer Mesgle Fatter)

S CIRIE HILEYS 1T thiS
Byl are green
SECAISE the human
BGye s most sensitive

m-:—ft@ that color.
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Disadvantagess=

S ENCENRVERted at BelltLalhs (new: part el Murrray Hill; N.J.-based Lucent
IIECHNBIBYIES Inc.) by George Smith and Willard Boyle in 1969, was
sngihallyaintended to store computer data. But that function was taken over
syAiasterstechnelogies. By 1975, CCDs were being used inm TV cameras and
naused scanners. In the 1980s, CCDs appeared in the first digital cameras.
sEsarenwidely used today, but they do have some drawbacks:

= =ading. Although the coupling process is quite efficient, moving the charges
S alenga row: of many hundreds or thousands of pixels adds up to a noticeable
== Joss of charge.

= Blooming. Ifteo many photons strike a CCD element, it gets "filled up,” and
~  some of the charge leaks to adjacent pixels.

~— Smearing. If light strikes the sensor while a transfer is taking place, it can cause
some data loss and leave streaks behind bright areas of the image.

—  Expense. CCDs require a different manufacturing process from other computer
chips (such as CPUs and memory), so specialized CCD fabrication plants are
necessary.
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