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A SIMPLE CCD CAMERA FOR IMAGING |
Bhanshi Dhar, N,M. Vadher and M.R. Deshpande

Phy51cal Research Laboratoiy
Ahmedabad 380009 India

Abstract:

A CCD Camera system was designed, fabricated and tested
using an area 1mager chip of 100 x 100 elemcnts from fairchilg,
ﬁsA type CD- 201 The paper describes various subsystems
'developed for the ch camera system such as sequeﬁcer to
generate clocks for transporting the charge packeté from
the photosites, a videoprocessor to‘procéss electrical

signal in. response to the Optical image and display system,etac,

The work on CCD Camera was 1n1t1ated with a view to become
acquainted with the use of CCD detcctor for imaging and later
"~ develop ‘into’ a more Sensitive and sophisticated camera system
for~imagihg“astronomical Oobj ects having low light signals.
The superior pérforménce of CCD detector in terms of
Sensitivity, linearity, signal to noise ratio Over the other
detectors, the essential features and the latest state of art

Of CCD camera for astronomy has been described in brief.

CCD CAMERA

CCD Camera system is an imaging system where image tube
of a Conventional T v Camera is replaced by solid state

image sensor based on the. charge coupled device technology,

A cep camera system consits of five basic functional

blocks :



(1) An Area image CCD sensor :- It consists of photon
sen51t1ve CCD gilicon Jetectors orqanized in matrix of

rows and columns 1ntegrated on ‘a smngle chip.

" (2) A clock generator i- To generate a number of clock
pulses needed to be applied on CCD gates to shift the

charges from each pixel for a serial ouﬁput.

(3) A Video Proccsoor to process the sampled video signal

\

to improve upon signal to noise ratio.

(4) A raster generator for the display of image on the

z modulated Oscillogcope and
(5) A lens system to focus the image on the CCD senso:,

Being a solid state device it has usual advantages of
ruggedness, reliability;'portability and lowpower dis-
sipation. It is a versatile video instrument useful in
noncontact Optical instrumentation? optical data acquigition
ana television image detection. The essential characteristics
of imaging by CCD sensor over lmage tube is (a) wider dynamxc

" range (80 db) (b) wider spectrum response (O.4£*m to»}.l;ﬂm)
(c) better quantum efficiency (60%) (&) low light imaging

capability and (e) no lag or burn problem etcC.

Architecture of cch 201

ccp 201 (Fig.l) is a 2 phase 10,000 elements (100 X 100)
sélf scanning, Interlineﬂ'tranéfer type area image sensor
with burried channel and ion implanted barrier. In addition

chip has also built in 100 colums of 2 phase analogue shift



-registere inter~digitated in the photoeensor'array called
vertical shift register and a 102 eiements of 2 phase
output breamplifier and a compensation amplifier, The image
photdns' incident on the image sensor elements generateba
packet of electrons in each element. The resulting photo-
electrons are accumulated in the photosites during high
state of photoqates. The duration of the light high state
is the integration period (approx. 20 »»sec ). At thc end

of integration beriod the photegate voltage (VP) ig lowered
"and alternate vertlcal site interlacing charge packets are
transferreJ to their assoc1atea Vertical shift register.
Thcy are then transferred to the output horizontal register,
a row at a time by the complementary vertlcal clocks V, and

\'4 Fity vertical transfers are required to remove one

2
field of information from the vertical registers. Subsequent
to the removal Of one field of information, second frame of
cycle is instituted to gather informat;on, from the photo-
51tes corresponding to the other field., The output shift
reglster (also called Horlzontel shift reglster) is 102
elements analogue shift reglster clocked 102 tlmes faster
than vertical shift register clock frequency. As each row

of information is transferred from the vertical register to
the horizontal reg;ster, it is serially moved to the output
amplifier by the COmplementary horizontal clocks <1H1 and
:ﬁéHz. The charge packets are applled to a precharged diode

which develops a voltage linear in respone to the charge



delivered. This potential is applied to the géte of the
output'at Si; Before each new charge packets, are sensed,
the resét clock f?R returnslthe charge fdetector voltage to
a fixoﬂ'base level. An additional output amplifier is

iiR to provide an output at

!

the tcrmlnal CS which is similar in waveform as the reset

driven W1th only reset signal

transicnt present in the videc cutput signal. This is
used for the suppression of the reset clock transient
present in the video output signal by the video processing
circulte

Drive Waveform Generators (secquencer) 3

Fig.2 shows the block diagram of the scheme used for
“the generation of various clock pulsed needed for CCD chip
and the raster for diSplay. Broadly'it consists of the
following functional plocks (i) Master Oscillator (2)
Horizontal line counter (3) vertical line counter (4)

Buffer and Mos clock Arivers (5) Sweep Generators.

Master Oscillator :

This generates 2.24 MHz as tho funﬂamenfal clock

- freguency. A1l other system clocks are ﬂerlved wnd signal
_.output of the horizontal counter, a +5 volt and ground as
'1nputu. The line selector in conjuction with horizontal and
vertical counter generntea vertical ciock pulsas@vl ;?Vz
and photogate clock@p. The Seléct ﬁddress for the line

sector is derived from the vertical line counterl.



HBufferland MOs clock drivers g

CCD apart fropm beiné highly.capacifive MOS device
, needé driﬁe Voltage levels Of +5 volt maximum to ~845
volt minimum, Thus all the clock pulses first
, 'ge‘nerate at TTL are then trahsi‘ated to MOS level
'(+5 volt to ~8u5 volt ) by the MOg clock drivers ang N

buffer circuit,

SWeep generators s

raster for the display, The horizontal SWeep is generated
using terminal count Te Qutput asg trigger pulge for Sweep
generator, The vertical sweep ig generated using photogate

clock pdlse.

Video signal Processing

Fig.3a and 3B shows the various waveform generated
by the above scheme. The videc Qutput of cep at S; port
containg a large amplitude of Reset clock transient;_This
is éalled Read out Noise and hag to be removed from the
video  signal before it ls to be amplified for display

and Sychronigzeg with the master oscillator clock fréquency.

Horizontal line counter s -

This ig incorporateq for the generation of 105
Horizontal‘clOck pulses to transfer oyt serlally one row
of information stored {in horizontal register before it is

ready to transfer the Next row of information, It consistsg



of a pair of 4 pit presettable counter (74161) preloaded
_‘for a counting module 224 with, master oscillator output
as clock pulses which are half the master ouc1llator

f requencye. The three waveforms:generated by the horizontal
line counters namely divided by 2 at Q P Termlnal count

at Tc and divided by 224 at Qg are utlllzed for ‘the
generation of other waveforms needed. The lelde by two
output at Q is used toO generate complementary horizontalnh
clécks¥H1§9H2 andiFR the.reset clock. The inverted square
wave output of the diﬁided by 224 at Qg igs used as clock
for the vertical line counter and the rerminal count output

To is useﬂ for trlggerlqg the horizontal sweep generators.as

well as in line selector.

vertical line counter =

It gonsisﬁs of pair of 74161 s The first seven stages
of the total B8 are presetted for counting modulo 51. The
last stage of the counter acts as toggle Flip-Flop and work
as odd/even field jdentifier. & Aual 4 line to one line
selector 74153 is used 28 combinational logic using Tc and Qé.
4 The read-out noise is minimised'by subtracting & fraction
of ¢ompenséting anplifier output, avqilable at cs, from the
~video signal in a video operational amplifier 733, as
shown in Figure 4 Compensating amplifier is driven by

reset clock R and appears at the port CS.



7

vrTheuvideo and compensating amplifier output signal
are applied to thé differential amplifier through buffer
stages/having‘provision for ievei adjustment of signal.
The input level of CS signai is.so'adjusted as to cencel
the read out noise due to reset signal from the video
signal at the differential amplifiér output. The voltage
gain of 733 has been programméd to only 10 to avail the
maximum video band width. The output of the differential .
émplifier is further amplified iﬁ‘amplitude for intensity

‘modulation.

SIMPLE™ CCD CAMERA SYSTEM :

Fig.5 shows the block diagram of évsimple Camera and
’displayvsystem. The image of an object to be displayed isv
focussed by a suitable lens éystem on the image sensitive
area of CCD and all drive clecck pulse are applied to the
CCD chip. To display the image of the object on the
Oscilloscope the processed video output aftef amplification
is applied to the Z input aﬁd the horizohtal and vertical

sweeps are applied to the X and Y input of the oscilloscope.
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