VISION VV6850 & VV5850 Monolithic Sensors

High resolution CMOS Image Sensor with support for external FPN
cancellation and serial interface control, available in colour (6850) and

monochrome (5850) versions.

PRODUCT DATASHEET Revision 1.0

DISTINCTIVE CHARACTERISTICS

» High resolution (800K) CMOS sensor
designed for use in Digital Colour Stills
Cameras and Machine Vision applica-
tions

« Versatile operating modes, including
Live Video/'Cine’ mode for viewfinder
applications, and exposure monitoring
modes

 Digital control of pixel reading for flexibil-
ity, including external ADC interface

« Control/configuration via serial interface

» External frame/line buffering schemes
offer effective pixel offset cancellation
and low noise operation

» Bayer pattern R,G,B colourisation (other
patterns/colours can be accommodated)

* Monochrome version available - VV5850
- functionally identical to the VV6850, but
with higher sensitivity

» Low power operation (125mW Typical)
* Industry standard 84 pin LCC package

GENERAL DESCRIPTION

The VV6850 and VV5850 are highly inte-
grated CMOS camera devices. The devices
both incorporate a 1016 x 804 pixel array
image sensor configured to produce line by
line pixel output for external digitisation and
storage.

The VV6850 is colourised in a Red, Green,
Blue Bayer pattern, whereas the VV5850 is
uncolourised. Both are suitable for still image
capture applications, and applications requir-
ing digitisation of the pixel image.

All clocking and sequencing control signals are
user-defined, giving maximum flexibility of use.
A two way serial interface and internal Control
Reqgister provide further control and monitoring
of camera functions, giving many image
capture operating modes.

Exposure control can be achieved with or
without an electromechanical shutter, and
(external) frame/line buffering and processing
enables effective Fixed Pattern Noise cancella-
tion.

BLOCK DIAGRAM

Image Format 800 x 992 pixels
EVLEE > T RESETB - -
> @ & Pixel Size 10.8um x 10.8um
A—p & = | #— AT
FR—p 3 [J\ £ | Voiw Array Size 8.640mm x 10.951mm
oXRD i ‘|/ S | 4 Vbloom
sR—p| B PHOTODIODE ARRAY Sensitivity (colour) | 50mV/lux @ 50ms exp.
VCLRE —Ppp| S 1016 X 804
vsEB—p| ( ) SIN Typically 66dB (with FPN
> L = |+ VRTRef llati
2 = [~ Vbloomref cancellation)
S & [P Vbltwref
DoUT €—] ; % 4 » e Max. pixel rate 10Mpix/s (_5Mpix/s for
DIN —P_’ SERIAL 4T = =P ewr 0.1% settling)
DLAT I3
coLS,
DeK SAMPLE & HOLD o Power Supply 5v 5%
Power <150 mwW
o N T g 4o
‘i-_- HORIZONTAL SHIFT REGISTER & :ll: ZEAER;Z Temperature 0°C - 40°C
= e
Cine veLt 1 3 N
) PCK LS EC HCLRB VCL2 2 |- Ao
SBIDAC S | avoret
cd24011a.fm 1



VISION V V6850 & 5850 Sensors: Product Datasheet Revision 1.0

Spectral Response

Normalised Response

=
o

o
©

o
o

o
N

©
N

Normalised Response

1.0

0.8

0.6

0.4

0.2

| IR Filter (Lens)

Basic CMOS Response

.- . Sensor with IR Filter

800 T

!

I I
o o
o o
© N~

900 T
1000
1100

Wavelength, nm

COLOURISATION

FILTER RESPONSES (of RGB
Bayer Pattern colour set 1).
Response of other
colourisation patterns TBD.

Sensor Response
with IR Filter only

0 . I I I I I |
o o o o o o o o
3 g 2 2 2 g 2 S

Wavelength, nm
Contents

page
Main Features 3
Sensor Architecture 4
Video Output 8
Operating Modes 12
Control Register & Serial Comms. 20
Detailed Operational Timings 25
Specifications 33
Package Details and Pinout 35
Example Support Circuits 38
Appendix - FPN Schemes 40

16/06/97



Main Features

MAIN FEATURES

The VV6850 sensor has been developed
specifically for use in image processing appli-
cations requiring pixel by pixel access. Flexi-
ble control options allow many operating
modes, but the VV6850 is ideally suited to
Digital Stills Cameras with electromechanical
shutter exposure control and a frame store
memory available for pixel offset cancellation.

Note: The VV5850 monochrome sensor is
identical in operation to the VV6850, but with
higher sensitivity and simpler image process-
ing, due to the absence of colour filters.

Pixel Array

The pixel array is colourised in a four pixel,
Red, Green, Blue ‘Bayer’ arrangement. This
provides high colour fidelity images with low
colour aliasing. (Other colourisation schemes
can be produced to suit specific application
needs.) The pixel array includes a number of
reference lines, and a useable image area of
992 x 800 ‘valid video’ pixels.

Pixel access is by row and column shift regis-
ters. Each row of pixels, or line, is read at the
same instant, and stored in a sample-and-
hold stage. The columns are then read out
alternately, and multiplexed through four
output channels to the AVO output stage. The
image can then be unshuffled and recon-
structed in external buffering and processing
circuits.

This scheme provides AVO settling to better
than 0.1% at a sampling rate of 5 Msps.
(Higher sampling rates are possible, with
reduced settling accuracy.

Video Output

The multiplexed column outputs are buffered
to the Analogue Video Output (AVO) pin, as
‘inverted’ video, that is Black is higher than
White. An AVORef output is also generated,
from the internal black reference level, to
provide a pseudo differential output pair.

A DC component is added to the AVO and
AVORef signals at the AC coupled output
stages by CLAMPing these to VCL1 and
VCL2, one of which can be set by an internal
DAC. This allows the AVO level to be
matched to the input range of an external
ADC.

Serial Interface

The serial interface allows an external control-
ler to set certain parameters and to determine
the VV6850’s current state. This is done
through the Control Register, which is loaded
from DIN and examined at DOUT.

The VV6850 receives serial data as one 22-

bit data word, the 20 msb of which are clocked
into a shift register. The shift register contents
can then be latched into the Control Register.

ﬁl’ypical Application

Sensor

Shutter

Lens ]
Serial Data

=
1/0 Processing

| |::> ADC

Timing & Control

Exposure Control

=
k jas)h]

~

Frame Buffer

AR

Picture
Storage

DSP
Timing

(Image/colour
‘ ‘ processing)

ASIC/DSP J

16/06/97



VISION V V6850 & 5850 Sensors: Product Datasheet Revision 1.0

SENSOR ARCHITECTURE

The VV6850 image sensor comprises an array of 1016 (vertical, ‘lines’) by 804 (horizontal) active
photodiode cells feeding into a row of column source followers at the top of the pixel array. These
columns are then in turn multiplexed on to four output channels, and finally onto the AVO output.
Exposure, that is pixel integration time, is controlled by a ‘Reset Vertical’ shift register with pixel
readout controlled by the ‘Read Vertical’ and ‘Horizontal’ shift registers.

The first (‘bottom’) line of the array is used internally, and is not read out. The next 6 lines are black
reference lines. Then there are 8 colour characterisation lines, 992 valid video lines and 8 more

colour characterisation lines. At the top of the pixel array there is one more extra line which is not
read out. The outer two columns on the left and right sides of the pixel array are also internal refer-
ences, and not read out. Thus the usable image area of the 1016 x 804 array is 992 x 800 pixels.
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Sensor Architecture

Reset and Read Vertical Shift Registers

The resetting and reading of pixels is performed on a line by line basis, that is a row of column
amplifiers reads a whole line of pixel voltages in parallel. The reset/integrate/read cycle for a line
of pixels is controlled by the Reset Vertical and Read Vertical shift registers (VSRS).

The length of the ‘Frame Integrate’ pulse, Fl, propagating along the Reset Vertical shift register

sets the pixel integration time. Fl going high at a point along the VSR releases that line of pixels
from RESET, starting the integration period. The two-line ‘Frame Read’ pulse, FR, which comes
at the end of the integrate period, starts the field readout, which proceeds from ‘bottom’ to ‘top’.

As FR propagates along the Read Vertical shift register, it controls which line is to be read. For

exposure control by means of a shutter mechanism, FI should be held high throughout the frame
integrate/read cycle.

The Vertical Shift Registers are clocked by the Line Clock pulse, LCK. Within a frame, first an even
line, then an odd line is read. This is controlled by the EVEN clock, which must be half the LCK
frequency and change two PCKs before LS (Line Start) rises. A pair of lines may be ‘skipped over’
(for example as in ‘Cine’ mode—see: HORIZONTAL SHIFT REGISTER), by inserting two LCK pulses and
one EVEN pulse between line readout sequences. .

! |
FR : ] L
: .
————— | 2
avo NN @ OO
I o |
- - >
Exposure ' 1014 Lines
\ @ AVO Not Valid D Black Ref Line () Valid Video Line /

Note: If FR does not rise with the rising edge of EVEN, that is if EVEN is high during the second
line period of the FR pulse, the AVO-valid line readout sequence is offset by one line.

Further control of the VSRs is effected by: VCLRB (Clear Reset and Read); VSETB (preset Reset
to ones); CDSR (reset row, but do not advance VSRs). The PXRD input to the Read VSR enables
a line of pixels to be read out. (See: OPERATING MoDES for more details.)

The first six lines in the array are black reference lines. The reset/integrate cycle for these lines is
controlled by a third shift register, defined by bits CR[4] and CR][3] in the Control Register (see:
CoONTROL REGISTER/SERIAL DATA INTERFACE). This shift register can either hold the black reference
lines in permanent reset, allow minimum exposure or have the same integration time (exposure)
as the rest of the array.

The readout sequence, initiated by FR going high, is therefore: six black lines followed by eight

colour characterisation lines, 992 valid video lines and another eight colour characterisation lines.
For Cine this becomes: four black lines, four colour characterisation, 496 valid video lines and four
colour characterisation lines

16/06/97 5



VISION V V6850 & 5850 Sensors: Product Datasheet Revision 1.0

Horizontal Shift Register

The Horizontal Shift Register is clocked by the Pixel Clock, PCK. Columns are read out, from left
to right, by the Line Start pulse, LS, propagating along the Horizontal Shift Register. The LS pulse
must be four PCK periods long, with the first valid pixel being sampled after the falling edge (see
DEeTAILED TIMING for exact relationship). To avoid bandwidth limitations within the output stage
causing cross talk problems between the colours in a colour pixelated sensor, the horizontal shift
register either reads out the odd or the even columns, under control of the EC signal.

In order to read valid pixel data, the Pixel Read input to the Read VSR, PXRD, must be high. (To
‘skip’ lines, for example as in Cine mode, PXRD must be held low during the two extra LCK peri-
ods.) When reading out either the even columns (EC=1) or the odd columns (EC=0) it is the

central 400 pixels of the 402 pixels read out that are valid. In Cine mode (Selected with bit CR[3]
in the Control Register), every second pixel within a row is read out; of the 202 pixels read out for

either EC=1 or EC=0, the central 200 pixels are valid.
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The HCLRB input (active low) clears the HSR to all zeros. HCLRB can also be used, for example,

to prematurely end a line scan, perhaps when only part of the image is required.

Note: The power-on reset signal, RSTB, should be used to drive HCLRB (and VCLRB for the

Vertical Shift Registers) at power up.
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Sensor Architecture

Pixel Read Schematic
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VIDEO OUTPUT

The four-PCK long LS pulse initiates output of a line of video, with the first valid pixel being
sampled after LS falls, and subsequent pixels appearing at AVO as LS propagates along the Hori-
zontal Shift Register. The AVO output for each pixel should then be sampled as close to the end
of the PCK cycle as possible to allow maximum settling time.

4 | )
o 1 1. 1.

| I I
| | N ek |
1 | | |  changes pixel |
LS I | | | | on AVO |
PCK[R] | I |
Samples LS | | |
| |
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| . N
First Valid pixel after ' | _E_:

|
LS is sampled | | |
| | |

\ Pixel Level Sampling /

The Video Output Chain

At the top of each column of the array is a sample and hold stage (controlled by COLsam), which
drives the output stage. The purpose of the sample & hold is to ensure that all the pixels in a line
have the same exposure, as the outputs of a row of pixels are sampled at the same instant. If
COLsam is not used then each pixel will carry on integrating until it is read out. Therefore, since
all pixels within a line are released from reset at the same time, each pixel will have a different
integration time, and hence exposure value.

The columns are read out via four output channels. Each channel is multiplexed onto the AVO pin
via an AC coupling stage to restore the DC content. The AVORef pin provides a pseudo-differen-
tial output, obtained from an internal black reference. (The pseudo-differential output stage
cancels out leakage across the coupling capacitors since both output channels experience the
same rate of decay.)

Note: The video at AVO is ‘inverted’, that is Black is higher than White.
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Video Output

AVO Reference

The DC content of the output stage is set by using the SELRef signal to simultaneously put the
internal reference on the AVO and AVORef output channels, and then the CLAMP signal to
charge the amplifier side of the coupling stages to VCL1 and VCL2 respectively. The integrated
5-bit DAC, controlled by Control Register bits CR[15..11], can be used to adjust one or other of
these clamping voltages. The CLAMP signal must fall before SELRef falls. The AC Coupling
Capacitors must be refreshed at least once every stillimage capture sequence, or every frame of
a live video.

4 )

AVO

Pixel Array
o A Dy e
CLAMP = " |

VCL1
SELRef & 7}—. VCL2

VRT B 8x8 [0y -
Pixels| g = AVORef

Black Reference

SAMRef BF————

\_ /

The sensor’s internal black reference, which drives the AVORef output path, is derived from a
separate 8 by 8 array of pixels connected in parallel. The input voltage to all pixels in the 8 by 8
array is VRT, that is the pixels are in reset. A sample & hold stage controlled by SAMRef allows
the VRT voltage driving the black reference pixels to be sampled, freezing the black reference
value.

Normally the black level reference should be updated between every stillimage capture sequence
or between every frame in live video mode. Under very high illumination, however, the black refer-
ence should be sampled between every line in live video mode.

The internal black reference can be sampled at the beginning of a frame using SAMRef. It can
also be observed line by line by asserting SELRef (without CLAMP) in the dead period between
reading rows of pixels out onto AVO.

16/06/97 9



VISION V V6850 & 5850 Sensors: Product Datasheet Revision 1.0

The 5-Bit DAC

The internal five bit resistive ladder DAC is energised by a Bias Generator that is set by the inter-
nal Bandgap Voltage Reference, Vbg, and the external 12K resistor connected from Rset to

AGND. The Vdac output of the DAC, which can be used to set either VCL1 or VCL2, is adjusted
by bits 11 to 15 of the Control Register/Serial Interface.
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Note: The Vbg pin is a high impedance output, and can be over-ridden within the VCL input limits.

Parameter Definition Value Comment
Vdactop 208/122 * Vbg 2.08v

Vdacbot 176/122 * Vbg 1.76V

Vdac3/4 199/122 * Vbg 1.99v

Vdac CR[15..11] * (32/122 * Vhg) -

Zdac Vdac Output Impedance 21K Ohms +25%

5-Bit DAC Parameters

10
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Video Output

Black Reference Lines

There are six lines at the bottom of the pixel array that are covered with opaque masking. These
black reference lines have their own reset shift register. A four to one multiplexer, controlled by
Control Register bits CR[4] and CR[3], selects the input to this shift register (FBCK), and hence
the operating mode. The four modes of operation are:

1. Permanent Reset - By setting FBCK low, the black lines are permanently reset to VRT.

2. Minimum Integration - FBCK follows the field read pulse, FR; the black reference lines are
held in minimum exposure.

3. Integration - FBCK follows the field read pulse, Fl; the black reference lines therefore have the
same exposure time as the array.

4. Permanent integration; the reference lines continue to integrate until reset as in 1.

Option 1. is the most stable as it does not depend on either the quality of the black shield above
the black pixels or any light incident on the pixels. However it is also the least accurate as it does
not allow for dark current or the breakthrough of the falling edge of the pixel reset signal onto the
pixel capacitance. The resulting reference value will be ‘blacker’ than black due to the above
errors.

Option 2. is more accurate than option 1. as the effect of the pixel reset signal breakthrough is
included, but the effect of total dark current is not included since the black reference pixels are not
integrating for the same time as the image section of the pixel array. The reference is, also, now
sensitive to the effects of light reaching the black line pixels.

Option 3. includes the effect of dark current since the black reference pixels are integrating for the
same time as the image section of the pixel array. The validity of the reference is, however, now
even more sensitive to the effects of light reaching the pixel.

Option 4. in combination with option 1 allows the exposure time for the black reference lines to be
controlled independently of the exposure of the rest of the image.

Note: For best results, it is recommended that the average of the four central lines of the black
reference line group is used to characterise ‘Black’ for the frame.

Exposure Control

Exposure control is achieved either electronically by varying the FI pulse duration, or directly by
means of a shutter arrangement (mechanical, electro-mechanical, electro-optical, and so on). The
correct exposure level for any scene can be assessed by processing a ‘trial exposure’ of the
scene, or by utilising the ‘Accumulate’ or ‘Parallel Integration’ operating mode.

See: OPERATING MoDEs for a full description of exposure control.

16/06/97 11
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OPERATING MODES

There are five main operating modes for the sensor:
» Still Image Capture with a Frame Buffer
« Correlated Double Sampling (line by line FPN cancellation)
* Live-Video/Cine Modes
e Accumulate

» Parallel Integration

These are explained below in outline. The following Section provides detailed timing requirements
for the various control signals necessary to operate the sensor.

Removing Noise

In order to obtain high quality, low noise images from the VV6850 sensor pixel to pixel offset vari-
ations, or Fixed Pattern Noise (FPN), must be removed. This can be done by reading the image
array more than once, for example reading in the dark to establish a reference for each pixel, then
reading the exposed array to collect ‘image plus offset’ data, then subtracting to remove the

offsets. To obtain the lowest noise operation the random pixel ‘reset’ noise must also be removed.

Sources of Fixed Pattern Noise

The major sources of Fixed Pattern Noise in the sensor that can be cancelled are:
» Transistor Threshold Offsets

e Dark Current

Each of the above can be effectively cancelled to a much lower residual random noise level by
using the techniques described below. The residual noise sources in the sensor, such as flicker
noise, dark current shot noise, thermal noise and ADC Quantisation noise, that cannot be
cancelled, or are a function of the cancellation techniques, define the overall camera noise
performance.

Methods of Removing Fixed Pattern Noise
Transistor Threshold Offsets

Each pixel amplifier, each column source follower and each output channel multiplexer, has a
unique offset caused by process variations in the threshold voltage of the transistors. This offset
is independent of exposure, and will be relatively stable with respect to temperature and operating
conditions.To remove Transistor Threshold FPN, the VV6850 is used in conjunction with an ADC
and either a frame buffer or a line buffer:

» Pixel offset removal frame by frame with a shutter: A frame buffer is used to obtain the pixel
to pixel DC offsets for the whole image. The offsets are obtained by capturing a dark (FPN)
frame with the shutter closed, and an ‘image’ frame with the shutter open. The ‘clean’
image data can then be extracted by subtraction. (This technique can only be used with a
physical shutter, and with at least one extra dark frame acquisition period.)

12 cd24011a.fm



Operating Modes

» Pixel offset removal frame by frame with a reference frame: A non-volatile frame buffer is
used to obtain the pixel to pixel DC offsets for the whole image at camera build. These off-
sets are then subtracted from the exposed ‘image’ as it is read to obtain the ‘clean’ image
data. (This technique gives the fastest frame acquisition time at the expense of accuracy.)

* Pixel offset removal line by line: A line of pixel information is read and stored in a line buffer.
The line is then reset to black using the CDSR signal, before being re-read to obtain the
pixel to pixel DC offsets for that line. As the line is re-read the offset data for each pixel is
subtracted from the value stored in the line buffer, the result being the ‘image’ data. (The
COLsam signal must be used to ensure that samples in the same line have the same inte-
gration period.)

With line by line offset removal the time for reading out a complete frame is doubled, since each
line has to be read twice. It is also not possible to remove pixel reset noise or dark current, thus
there is a trade off between the frame rate and image quality, and the amount of memory required.

Full frame offset removal can be achieved in many ways, depending on what ancillary devices are
available in the camera system, and constraints such as image quality required and acceptable
minimum frame rate.

Dark Current

The ‘dark current’ in a pixel photodiode is the inherent leakage that discharges the integrating
capacitance in the same way as incident light. Hence, Dark Current FPN builds up on the array
whenever the array is released from reset, that is when Fl is high. This means that the amount of
dark signal depends on exposure time, and varies from pixel to pixel.

The same degree of dark current charge build-up occurs in the array whether or not the array is
exposed to light. Therefore, if the array is allowed to integrate (FI high) with no incident light for

the same length of time as for the image exposure, the dark current element of the exposed image
data can be ascertained and removed from the image data by subtraction, leaving behind the dark
current shot noise.

Since dark current also depends on temperature the dark frame should be taken close in time to
the image frame, in order to avoid ambient temperature variations.

‘Reset Noise’ Cancellation

One random noise source that can be cancelled is ‘reset noise’ (or ‘kTC’ noise), which is due to
the switching of the photodiode capacitance when the pixel is released from reset. This is present
in all subsequent reads of the array (without reset) to the same extent. These can therefore be
extracted by reading the array immediately after reset (when FI goes high) and subtracting the
value obtained from the ‘exposed’ array data. This operation also cancels Pixel Threshold Offsets.

To achieve reset noise cancellation, FR should be taken high for two LCK periods when FI goes
high, and 1014 lines read before the array is exposed to the required image. The pixel data from
this pass of FR through the VSRs must be stored in a frame buffer, and subtracted from the
exposed image data. The exposed image is obtained when FR is pulsed high again, coincident
with the last two LCK periods of FI being high after the exposure period.

It is not possible to describe all of the many operating schemes that can be devised for image
capture and FPN reduction. The basic recommended modes for camera operation are described
below, with detailed timing requirements in the following Section.
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Still Image Capture with a Frame Buffer

This is the recommended operational mode for high quality still image capture in camera systems
where there is an electro-mechanical shutter in front of the sensor and a Frame Buffer for tempo-
rary image storage. FPN cancellation is central to this mode of operation, and is described in
detail. Other operational schemes that may be devised can include all or some of the techniques
employed in this example, but the elements are essentially the same. (See: APPENDIX, APPLICATION
NoTes, for a discussion of variations to this FPN cancellation scheme.)

Note: For the simplest possible image capture mode, with no FPN cancellation, see the descrip-
tion of the Vertical Shift Registers above.

The basic still image capture cycle starts with the shutter closed. The array is released from reset
by taking the input to the reset vertical shift registers, Fl, high. The system controlling the camera
must then wait for 1014 lines to allow this “integrate wavefront” to propagate through the shift
register, before opening the shutter. When FI goes high FR should also be pulsed high for 2 lines
to initiate the Read sequence. Reading each pixel as soon as it is released from reset yields a
reset image which contains both the fixed pattern noise component for each pixel and the random
reset noise due to that particular reset operation. This image should be stored in a frame buffer.

When the shutter has closed after exposure FR must be pulsed high again for 2 lines to re-read
the array and obtain the exposed image data. Again, it will take 1014 lines to read all of the array
pixels. Fl should fall when FR falls, to return the active pixel array into reset. As the image frame
is read out the appropriate pixel reset value, as stored in the frame buffer, is subtracted from the
current pixel value and the result written to the frame store. This removes both pixel reset noise
and pixel to pixel DC offsets from the image.

QK Hﬂﬂﬂﬂﬂﬂﬂ ﬂﬂﬂﬂ ﬂﬂﬂﬂﬂﬂﬂﬂ ﬂﬂﬂﬂﬂﬂﬂﬂ Hﬂiﬂﬂ ﬂﬂﬂﬂﬂﬂﬂﬂ \
EVE'\‘|_|_|_|_|_|_|_|_ |_|_|—|_ |_|_|—|_|_|_|_|_ |_|_l—|_|_|_|_|_ |_|_|_|_ |_|_|_|_|_|_|_|_ R
o R _l . N
Shutter _

PR 1L _I_I__I_I__:____i_|_+
Ao TEEEEE8 00 TEessse (0000000 COC  eeeesd 00C

< > > < > > >
1014 Lines Tl—Exposure 1014 Lines 1014 Lines Integrate=T; 1014 Lines
Image Frame Dark Current Frame
\ { valid Video Line @ Black Ref Line O AVO Not Valid /

(See DETAILED OPERATIONAL TIMING below for exact relationships.)

Due to the relatively long time taken to read out an image (200 ms, assuming a 5 MHz clock rate),
the dark current in each pixel is a significant part of the image data. To remove the fixed pattern
noise injected by the dark current a ‘dark image’ must be captured with the same integration time
as the exposed image but with the shutter closed. Subtracting the dark image from the exposed
image removes the dark current fixed pattern noise, leaving a ‘clean’ image. This process can be
summarised as follows:
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Operating Modes

1. With the shutter closed, release the sensor from reset and immediately read a frame into the
buffer memory; this captures the array threshold FPN and reset noise (‘VReset')

2. After 1014 line periods, open the shutter and expose the sensor to the required scene (the
exposure time can be determined by ‘Parallel Integration’ or ‘Accumulate’ — see below)

3. Close the shutter and immediately read the array; as each pixel is read, subtract the value for
that position stored in the frame buffer, and overwrite that pixel location with the difference —
the memory now contains the image plus dark current FPN (Vi + Vpark)

4. After the 1014 line periods of the second read, repeat the image capture cycle, but do not
open the shutter; this time, load a second frame buffer with first the Vreget Value and then the

Vpark Value (after subtraction)

5. After the second integration period, subtract the V4 value for each pixel that is stored in the
second frame buffer from the (Viy, + Vpark) vValue for that position stored in the first frame
buffer and overwrite that pixel location with the result.

The frame buffer now contains the corrected image values, which can be processed for colour
and so on, then transferred to permanent image storage memory.

The pixel voltages for this method are illustrated schematically below:

Reset[n] |

\

Read[n]

Shutter

VReset
+

VDarkl
+

VDarkZ

|
|
|
| |
| |
| |
Not to scale ! :
: Vbark = Vparki + Vpark2 :
| |
Image N e e I
Exposure : S L~ W Voo :
| | !
|
Viwhite- == ==~ = - - —--—---~ P too oo 1"
Read 1’ Read 2’ Read 3 Read 4

Note: Since the ‘integrate wavefront’ must propagate through the VSR, the point at which the open
shutter exposure occurs will vary progressively from line to line of the array — from close to
‘Read?2’ on the bottom line to close to ‘Readl’ at the top.
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Correlated Double Sampling (line by line)

Thisis an alternative FPN cancellation mode for camera systems where there is only a Line Buffer
available for temporary image capture, and not necessarily a mechanical shutter in front of the
sensor. The method outlined below, using the CDSR signal, relates to a still image capture in a
shuttered camera system, but the same principle could also be applied to exposure control with
the FI pulse duration in Still Frame and Live Video modes.

Note: This method does not cancel dark current FPN, and as the pixel is reset twice, has two lots
of ‘reset’ noise sources.

The array is released from reset by taking the input to the reset vertical shift registers, FI, high.
The system controlling the camera must then wait for 1014 lines to allow this “integrate wavefront”
to propagate through the shift register, before opening the shutter (or further extending the FI
pulse). After the sensor has been exposed for the appropriate time, FR must be pulsed high for 2
lines to read the pixel array and obtain the exposed image data, which is loaded into the Line
Buffer line by line.

When a line of 804 pixels of image data has been read, the CDSR signal is pulsed high to reset
the line of pixels to Black (without advancing the HSR). COLSam is then pulsed to resample the
row, and as each pixel is read out this ‘Black Offset’ value is subtracted from the value stored in
the line buffer and the result passed on as corrected image data.

Note: During the 992-line image data readout, LCK and EVEN must be at least twice their
minimum periods (with maximum PCK rate of 5.0MHz), to allow for the second line read.

g y ™

LeK LU L D I
EVEN M0 MjL oL r Ll Lo
CDSR __ S 20 [
COLsam_ L RERERERENEN EEEREEEENE

FR : SRR e I i 1
AVO X T000080808000800 00— 000
fe—————» < : >~
° 1014 Lines 1014 Lines
= Exposure = Read Image & Offsets ~

{ AVO Not Valid @ Black Ref Line (O ReadImage @ Read Black Offset

-

(See DETAILED OPERATIONAL TIMING below for the exact relationships, and also how CDSR,
COLSam and PXRD should interact.)
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Operating Modes

Live-Video & Cine Modes

In the ‘Live Video’ mode the effect is similar to a conventional video camera, with a frame rate of
just under five frames/second (with a 5 MHz pixel clock). This can be used, for example, to provide
a moving ‘viewfinder’ display for a stills camera. ‘Cine’ mode is similar, but achieves higher frame
rates.

In Live-Video mode the exposure level for a frame is controlled electronically by varying the high
duration of the FI waveform. The high duration of FI can be varied from 2 lines (minimum expo-
sure) in multiples of 2 lines up to 1012 lines (maximum exposure). The falling edge of Fl is fixed
within the frame, therefore it is the leading edge of FI that must be moved to vary exposure.

The field read pulse, FR, must be set high for the 2 lines preceding the falling edge of FlI; this
means that the FR waveform is identical to the FI waveform for minimum exposure. The neces-
sary signal relationships are illustrated below:

Mloe LULUEL  JOCUEOL DO L )
even MILMMMML  MULAMLML FUALL Foiurl
TR g i i ——
FR 1 o 1 o m . i
o COOD0GONBOCD CCOOBOGOGECD  C00B0080A00 _ COCD0B08

! : Exposure : I' Exposure ' |I Exposure I
/ [ 1
|l

1014 Lines (1 Frame)—r 1014 Lines (1 Frame) . 1014 Lines (1 Frame)j

Read Pixel Offsets - - >
Live-Video Frames

(O valid Video Line @D Black Ref Line

o %

If a frame buffer is being used to store the pixel to pixel DC offsets the first image captured on
entering Live-Video mode should have minimum exposure to obtain and store pixel offset data.
However, if the offset data already exists in memory this step is not required.

Cine Mode

Selecting Cine mode via the Serial Data Control Register (CR[2]) subsamples the pixels in a line,
reading out only every other pixel pair. (See: HORIZONTAL SHIFT REGISTER for details.) ‘Cine’ mode
enables higher frame rates to be achieved, for example 20 frames per second (at 5SMHz) by also
only reading every other line pair. To achieve this, the Vertical Shift Registers must read out 2
lines and then skip the next 2 lines, by inserting 2 extra LCK pulses and one extra EVEN pulse
between every second line read out. (See: VERTICAL SHIFT REGISTERS for details.)

Note: It is not essential to skip line pairs in Cine mode, if aspect ratio need not be preserved. It is
possible to skip more than one line pair, an also to increase PCK (up to 10MHz) to further increase
frame rate.

For high frame rates, it is also best to read a dark frame into memory and subtract the Fixed
Pattern Noise as the array is read in order to reduce the frame overhead of either line-rate CDS
or the Shuttered Frame-rate cancellation schemes.
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Parallel Integration

In this mode all of the pixels in the array are released from reset at the same time. This is achieved
using the VCLRB and VSETB signals for the vertical shift registers. (VSETB only effects the reset
shift register). This can be used to give a quick but crude estimate of correct exposure by, for
example, counting lines until a line is reached where all pixels in the line are saturated, then
setting exposure to, say, 50% of the integration time taken to reach that line.

The sequence of operations is as follows:

1. Pulse VCLRB low to reset the Read and Reset vertical shift registers to all zeros; this forces
all pixels into reset

2. Pulse VSETB low, this loads the Reset shift register with all ones, which starts all of the pixels
integrating.

3. Then FR should be pulsed high for 2 lines to start the array readout.

(Lo ] ] 1 1 1 1 1 1 ] i R

VCLRB - all

VSETB - L
AVO | G G G SR G SR ( X )

{AVO Not Valid @ Black Ref Line { valid Video Line

o )

Note: VCLRB and VSETB must NEVER be taken low at the same time.

Since all pixels start to integrate at the same time and readout is sequential (line by line), each
line of pixels represents a different exposure value. If the FR pulse occurs on the next video line
after VSETB goes high then the first valid video line readout will have been exposed for 6 lines
(the black reference lines), and the last line of valid video will have been exposed for 1014 lines.
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Operating Modes

Accumulate

In ‘Accumulate’ mode the pixel array is repeatedly re-read without resetting the pixels. This mode
is intended for exposure monitoring in conjunction with a flash when light levels are low, and more
than one frame time is required to obtain sufficient integration.

The array is released from reset by taking FI high. At the same time FR is pulsed high for 2 lines
to read out the pixel reset values. Then at the required intervals (of not less than 1014 line periods)
FR is pulsed high for 2 lines to re-read the array. While the array is being repeatedly re-read FI
must stay high. Effectively, the successive reads of the array are monitoring the rate of charge
accumulation in the pixels.

When sufficient integration has occurred to produce, say 50% average saturation, reading can be
terminated. The number of frames of exposure required to achieve this can then be used to calcu-
late the flash energy required to correctly expose the scene. On the falling edge of FR for the final
array read, FI should go low, to return the pixel array into reset.

. LCLLULULLL AL DU UG UL nnnn;nn\
even ML MUML MU UL UL mo

Fl _ : : . o .
AvO _Ea686aco DDODC DllllﬂDD OO0 @dadaaCO (o0
II 1014 Lines 4 I 1014 Lines II II 1014 Lines II

() Valid Video Line @ Black Ref Line  {) AVO Not Valid

\_ J
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THE CONTROL REGISTER & SERIAL COMMUNICATION

The VV6850 includes a full duplex serial interface, and can be controlled and configured by a host
processor. Data describing the current configuration of the camera is stored in a 20-bit control
register. This register can be read from the camera on the serial interface, and can also be written
to from the serial interface to change camera operation.

When a 22-bit serial interface data word arrives at the camera on DIN, the first 20 (msb) bits are
loaded into a shift register, and the last two bits (‘R/W’) are examined to ascertain if a ‘read’ oper-
ation or a ‘write’ operation is required. If a ‘write’ is required (‘R/W’ = “00") the contents of the input
shift register are transferred to the control register. Otherwise, the current contents of the control
register is output on DOUT. (Note: In ‘test mode’, that is with CR[7..5]>0, certain other signals are
monitored by DOUT and CR[19..0] is not transmitted.)

The signals used to effect the serial data interface are:
e DIN Serial Data In; DIN is sampled on the rising edge of DCK
« DOUTSerial Data Output
 DCK Serial Data Clock

DLAT Serial Data Latch; transfers the input data word to the control register (for ‘write”),
and initiates control register output on DOUT (for CR[7..5]=0)

4 )

/
20 .
* 8 to 1 Multiplexer
DIN = s[RW}+———«]  20-bit Shift Register _| -
[} [} =]
DCK ® -
20 . DOUT
-
-
> Control Register CR[19..0] L a—
DLAT =—4
20 3+ CRI[7:5]
/ CR[19..0]

N )
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The Control Register & Serial Communication

Serial Communication Protocol

The host must perform the role of a communications master, while the camera acts as a slave
receiver and transmitter. Communication from host to camera takes the form of a 22-bit data word,
with a 20-bit data word returned to the host. Since the serial clock (DCK, maximum frequency
100kHz,) is generated by the host, the host determines the data transfer rate.

The host sends the 20 bit control word, most significant bit first, then either holds DIN high for two
clock cycles, to indicate a ‘read’, or holds DIN low for two clock cycles, to indicate a ‘write’. The

host also takes DLAT high for one clock cycle, corresponding to the last bit of the R/W pair. This
defines the end of the transfer and latches the data word to the Control Register, if required (R/
W=00). DLAT also (on the next rising edge of DCK) transfers the contents of the Control Register
to the Shift Register, which is then output to DOUT if CR[7..5] = 0.

The data transfer protocol is illustrated below:

f Control Register Write Timings: \
pek LTI Ll il rLrifirire
DIN %(CR[lQ]XCR[lS]) (CRITXCRIOT ) L £ !

DLAT | | [T 1 |
DOUT* CRIIOXCRIB)  (CRIOX RN /
20 DCK Cycles 20 DCK Cycles

Control Register Read Timings:

bk _ LIl rifiriri. riririfirire

DIN 7 I N\ |

DLAT 71 |

DOUT* W CRITOXCRILEIXCRILT) (CRIZX CRIOX RO/ AN
[ >

20 DCK Cycles

* Only valid when CR[7:5] = 000 (Default)
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The Serial Data Word

f The 22-bit Serial Data Word (msb first)

N

CR[19]

\

CRI9]

| > swep| ow | p@ | by | o | b | ocie] Rb

CR[0]

CRI8]
SWCP‘ 03[2]‘ os[1] ‘ 0s[0] ‘ BM[1] ‘ BM[0] ‘ CINE ‘ CLE ‘ BLE ‘ RIW ‘

L’_—Y“J
Read = 11 J

Read Data Format

The 22-bit Serial Data Word consists of the two-bit wide R/W flag, and the 20 bits of Control Regis-
ter data (CRJ[0..19]. The following tables defines the CR information contained in the messages:

g:? Function/Comment Default
0 Bit-line Test Enable 0
1 Bit-line Clamp Enable 1
2 Select ‘Cine’ mode: only every other ‘colour’ pixel column is output 0
4,3 Controls the integration mode for black reference lines 0
7.5 Selects the node that DOUT is monitoring 0
8 Enables the Sample & Hold circuits on the four output channels 0
9 Connects the four black reference output channels together; the 0
default is AVORef cycling through the four channels
10 Enable clamping circuitry on the four output channels 1
15..11 | D[4..0] - 5-bit Resistive DAC value; D[4] is msb 16
16 Switch in the Output Stage Sample&Hold Capacitors 0
19..17 | Reserved 0
22 cd24011a.fm



The Control Register & Serial Communication

Control Register Definitions

The various bits in the Control Register define operating modes and parameters as follows:

CR[0] - Bit-line Test Enable

Enables testing of the pixel column interconnections. This bit should always be 0.
CRI[1] - Bit-Line Clamp Enable

The default is the bit-line clamp enabled, CR[1] = 1, which ensures that if a bit-line goes too low
due to a pixel being heavily over-exposed, the bit-line is clamped to Vbltw-Vin.

Note: Due to internal variations, the absolute clamp voltage will vary from column to column. Thus,
care must be taken to ensure that the ADC value clips before the bit-line clamp circuits operate
otherwise column to column fixed pattern noise will appear in the saturated white regions of the
image.

CR[2] - ‘Cine’ Mode

Setting CR[2] = 1 forces the horizontal shift register to read out every second red, green or blue
pixel in each odd and even field. In this mode 202 pixels instead of 404 pixels are read out per
colour per line. (Note: The buffer columns on the left and right side of the pixel array are always
read out.)

CR[8] and CR[16] should also both be low for Cine mode.

CR[4:3] - Black Reference Line Integration Mode Select

CR[4] and CR[3] control the selection of the four possible integration modes to the black reference
lines. The Table below defines the code associated with each of the four modes.

CR[4] CR[3] Integration Model_fi?]relzlack reference
0 0 Permanent Reset.
0 1 Minimum Integration (FR)
1 0 Same integration time as main array (FI)
1 1 Always integrating.

(See: VIDEO OUTPUT - BLACK REFERENCE LINES for details of these modes.)
CR[7:5] - Select DOUT output

Output to the DOUT pin is multiplexed under the control of CR[7], CR[6] and CR[5] for test
purposes. All three of these bits must be set to zero for image data to be observed on DOUT.
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CRJ8] - Output Channel Sample & Hold Enable

The sample and hold circuits in the AVO and AVORef output stages isolate the capacitive back
injection which occurs when an output channel is multiplexed onto the AC Coupling capacitor,
which changes the nature of the back injection:

» Without sample and hold (CR[8] = 0 (default)), the interaction of the back injection and the
column output results in the AVO overshooting slightly before settling to the desired value

» With sample and hold enabled (CR[8] = 1) the overshoot is eliminated, but the current pixel
value will contain a very small contribution from the previous pixel value read out on AVO

Note: CR[16] allows the output channel sample /hold capacitor to be isolated from the signal path.
CR[9] - Common Up the Black Reference Channels

There are two options for operating the four black reference output channels:

1. CR[9]=0 : Operate with the AVORef cycling between each of the four black output channels.
AVORef will follow the shape of AVO as the AC coupling capacitor is cycling in the same way
within both output stages. Any mismatch between the black reference output channels will
appear as a four-cycle pattern on AVORef.

2. CR[9]=1: Parallel up the operation of the black output channels. AVORef represents the aver-
age of the four black output channels.

CR[10] - Output Channel Clamp Enable

Setting CR[10] = 1 (default) clamps the four output channels that are multiplexed onto AVO to
prevent them going beyond the designed operating voltage range. This ensures that each output
channel always has enough time to recover from being inactive before outputing pixel data.
CRJ[15:11] - 5-Bit Resistive DAC Data Value (D[5:0])

Data for the internal 5-bit Resistive Ladder DAC (default = 16). CR[15] is the MSB.

CR[16] - Switch in Output Stage Sample/Hold Capacitors

Setting CR[16] high isolates the output channel sample/hold capacitors from the signal path. By
isolating these capacitors the output channels settle to the desired value in a shorter time.

Note: CR[16] should only be set high when the output channel sample/holds are disabled.
The primary use of this function is in Cine mode. In this mode only two of the four output channels

are in use. As the two output channels have only half the time to settle, compared with the normal
readout sequence, CR[16] should be set high to improve settling of the output channels.

CR[19:17] - Reserved for future use
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DETAILED OPERATIONAL TIMING

The following Section describes in detail the recommended timing for the primary operating
modes. There are many possible timing schemes, with more flexible setup and holds, but the
recommended timings are safe. Specifically, timing diagrams and tables are given for:

* Normal Array Read

« Correlated Double Sampling (line by line)

System Clocks

Line and pixel timing is done in PCK'’s, and all signals should change on the falling edge of PCK.

Min Typ Max Units
PCK Period 100 200 - nsS
PCK Duty Cycle 40 - 60 %
Line Period 1024 1024 - PCK's
Line Period (CINE Mode) 624 624 - PCK'’s

System Clocks.

The timings in the following tables have been expressed for a 5MHz PCK. The symbols
[TL.[R],[F].[H],[L] signify Transitional edge, Rising edge, Falling edge, High Level and Low Level
respectively.

Line Start to PCK Timing

The relative timing of the Line Start pulse, LS, and the Pixel Clock, PCK, is extremely important
for correct sensor operation. LS must be set up at least 20ns after the rising edge of PCK, no later
than (PCK Period)/4 after the rising edge of PCK, and must be held for four PCK cycles. This is
illustrated below:

4 )

pcK | |

|

|

|

i

| . .
—>| [« min: 20ns changes pixel

|

LS
| PCK [R]
max: (PCK Period)/4 on AVO

N /
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Initial Power Up Timing

« On powering up the array should be reset by VCLRB and HCLRB, to help the settling of
the internal references. An internal power-on-reset circuit generates RSTB, which can be

used to reset the sensor.

» The references VRT and Vbg must be stable before the first frame; this will be a function of

the decoupling.

» The internal reference and AC coupling stages should be put into sample mode by making
SELRef, SAMRef, and CLAMP high.

« To ensure that the array is inactive until the first frame on power up Fl, FR, LS, PCK, LCK

and EVEN should all be low.

PoWer-up
\

Event Timing Min Typ Max Units
Power On Reset trigger Voltage PU1 - 2.7 - \%
RSTB pulse width PU2-PU1 100 - - usS
Settling Time PU4-PU3 10 - - mS
Recommended Start-Up Timing.
e PUO PU1 PU2PU3 PU4 N\
| . [
VDD ! b !
| | | | |
| | | | |
SAMRef# . . e 4
SELRef/ ! Lo S )
CLAMP ! oo !
' L C )
FRIFI/LS . — :
| | |
HCLRB/ L | — +
veire ¢ ; —T |
RSTB C | ): ! : [
|
(RSTB should be used to drive HCLRB and VCLRB to reset the sensor) [
_____ ey '
Other References , S : / |
R e e e e T :
VRT ! Lo / !
| | | | |
e N
| | | | |
VBG | | | / |
) — First Frame

%

Note: Serial Data can only be sent after RSTB rises.
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Inter-Frame Timing

When a frame is to be taken, the first task is to sample the reference with SAMRef. This signal
should be held high until the first line, which should be for at least 100uS.

If possible, SAMRef should be held high between acquisition of still frames. In order to also ensure
that the AC coupling stages do not drift, SELRef and CLAMP should also be held high.

s .

~

| |
SAMRef O C )
| | | ]
CLAMP (_)l ‘ ‘ )l
SELRef ( )\ ] 'IL )I
valid | | | |
Pixels | | | |
| | | | FRAME |
FO F1F2F3 F4
K Inter Frame Timings /
Event Timing Min Typ Max Units
SAMRef Period F1-FO 100 - - us
CLAMP overlap of SAMRef[F] F2-F1 1 usS
SELRef overlap of CLAMP[F} F3-F2 0.200 usS

Inter Frame Timings

Line Read-Out Timing

The following diagrams and tables define the relative timings of the various control signals
required to read a line of pixels. Not all of the signals shown will be required for all modes of oper-
ation, but where they are these timing constraints must be observed. Timings for Correlated
Double Sampling (using CDSR) are given after the standard line read definitions.

LCK is the master clock for the vertical shift registers, for reading and resetting rows. LCK is a
latching signal, and latches when high (to be reset on the next PCK).

The EVEN signal transitions must straddle LCK & PXRD, and FI & FR must straddle LCK. PXRD
must be high when COLSam is pulsed. EC & EVEN are not latched, and must therefore remain
high while reading valid pixels. The first line of pixel information is read out when the EVEN and
FR signals are both high. If the EVEN signal is high during the second line period of FR pulse, the
line readout sequence will be offset by one line relative to that outlined in the timing specification.
This is due to the FR and Fl inputs only being sampled when both LCK and EVEN are high.
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Reference Level
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Detailed Operational Timing

Description #t PCK Cycles Time (us)
SELRef [R] - Start of Line 10 0 0
CLAMP [R] (only if line CLAMPing is being done) 11 1 0.2
EVEN [T] 12 2 0.4
LCK [R]) 13 4 0.8
LCK [F] 14 5 1.0
PXRD [R] I5 10 2.0
COLsam [R] 16 11 2.2
COLsam [F] 17 206 41.2
CLAMP [F] 18 207 41.4
SELRef [F] 19 208 41.6
EC [R] 110 209 41.8
LS [R] (even pixels) 111 210 42.0
LS [F] (even pixels 112 214 42.8
AVO valid, even pixels, start 113 2145 42.9
AVO valid, even pixels, end 114 614.5 122.9
EC [F] 115 616 123.2
LS [R] (odd pixels) 116 617 123.4
LS [F] (odd pixels 117 621 124.2
AVO valid, odd pixels, start 118 621.5 124.3
AVO valid, odd pixels, end 119 1021.5 204.3
PXRD [F] 120 1023 204.6
End of line 121 1024 204.8
Line Length 121 -10 1024 204.8
EVEN [T] - LCK [R] setup time 13-12 2 0.4
LCK Duration 14-13 1 0.2
LCK [F] - PXRD [R] I5 - 14 5 1
PXRD [R] - COLsam [R], setup 16 - 15 1 0.2
COLsam Duration 17 -16 195 39.0

Recommended Line timings
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Description #t PCK Cycles Time (us)
COLsam [R] - CLAMP [F] 18 - 17 1 0.2
CLAMP [H] Duration 18 - 11 206 41.2
SELRef [H] Duration 9-10 208 41.6
SELRef overlap of CLAMP 11-10 1 0.2
19-18
SELRef [F] - EC [R] 110 -19 1 0.2
COLsam (F) - EC (R) c10 -c7 3 0.6
EC [T]- LS [R]: even 111 - 110 1 0.2
116 - 115
LS [H] Duration 1 (even) 112-111 4 0.8
Duration 2 (odd) [17-116 4 0.8
LS [F] - First Valid Even Pixel 113 - 112 0.5 0.1
First Valid Odd Pixel 118 - 117
Valid pixels - even 114 - 113 400 80.0
- odd 119 - 118
PXRD [F] - SELRef [R] (next line) 121 - 120 1 0.2
NOTE 1: All input signals should change on the Falling Edge of PCK
NOTE 2: For CINE mode the Valid pixels is reduced from 400 to 200, giving a reduction in Line time
from 1024 to 624 PCK’s, all other relative timings remain unchanged

Recommended Line timings

Line Timing using CDSR

The following timing details relate to Correlated Double Sampling on a line by line basis, that is
using the CDSR signal to reset a line of pixels without advancing the VSR. The image capture
part of the double read is exactly as described above, and all setup times and durations other than
CDSR specific times are also identical.

See: OPERATING MODES - CORRELATED DouBLE SAMPLING for full details.
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VISION V V6850 & 5850 Sensors: Product Datasheet Revision 1.0

Description #t PCK Cycles Time (us)
SELRef [R] - Start of Line c0 0 0
Image Line data (exactly as single image capture) cl 1023 204.6
CDSR [R] c21 1028 205.6
CDSR [F] c22 1053 210.6
PXRD [R] c23 1058 211.6
COLsam [R} c24 1059 211.8
COLsam [F} c25 1254 250.8
EC [R] c26 1257 251.4
LS [R] (even pixels, dark offsets) c27 1258 251.6
LS [F] (even pixels, dark offsets) c28 1262 252.4
AVO valid, dark offsets even pixels, start c29 1262.5 252.5
AVO valid, dark offsets even pixels, end c30 1662.5 3325
EC [F] c31 1664 332.8
LS [R] (odd pixels) c32 1665 333.0
LS [F] (odd pixels c33 1669 333.8
AVO valid, odd pixels, start c34 1669.5 333.9
AVO valid, odd pixels, end c35 2069.5 413.9
PXRD [F] c36 2071 414.2
End of line c37 2072 414 .4
Line Length c37-c0 2072 414.4

CDSR Setup Times
LS (F) - First Valid Pixel cl13-cl2 0.5 0.1
(etc.)
Valid exposed pixels - even cl4 - c13 400 80.0
- odd €19 - c18

Valid reset pixels - even c30 - c29 400 80.0

- odd c35-c34
CDSR [H] Duration c22 - c21 25 5.0
NOTE: For CINE mode the Valid pixels is reduced from 400 to 200, giving a reduction in Line time
from 2072 to 1272 PCK's, all other relative timings remain unchanged

Recommended Line timings Using CDSR
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Specifications

SPECIFICATIONS

Absolute Maximum Ratings

Parameter Value
Supply Voltage -0.5to +7.0 volts
Voltage on other input pins -0.5to Vpp + 0.5 volts
Temperature under bias -15°C to 85°C
Storage Temperature -30°C to 125°C
Maximum DC TTL output Current Magnitude | 10mA (per o/p, one at a time, 1sec. duration)

Note: Stresses exceeding the Absolute Maximum Ratings may induce failure. Exposure to absolute
maximum ratings for extended periods may reduce reliability. Functionality at or above these
conditions is not implied.

DC Operating Conditions

Symbol Parameter Min. Typ. Max. Ugit Notes
Vpp Operating supply voltage 4.75 5.0 5.25 \%
Ibp Overall supply current 35 mA 1
ViH Input Voltage Logic “1” 24 Vppt0.5 \Y,
VL Input Voltage Logic “0” -0.5 0.5 \%
Von Output Voltage Logic “1” | Vpp-0.5 \Y [=1mA
VoL Output Voltage Logic “0” 0.5 V I=1mA
-1 MA | V|4 oninput
Lk Input Leakage current .
1 HA | V| on input
Cioad Digital Input Cap. Load 10 pF

Note 1.Digital and Analogue outputs unloaded.
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AC Operating Conditions

Symbol Parameter Min Typ. Max. Ugit N(?Ste
PCK Pixel Clock frequency 5 10 MHz 1
DCK Serial Data Clock 100 KHz 2
Note 1. Recommended clock rate for 0.1% settling of AVO is 5.0MHz.
Note 2. Serial Interface clock must be generated by host processor.
Electrical Characteristics
Symbol Parameter Min. Typ. Max. |Units Notes
VRTref Internal reference for VRT 2.85 3.0 3.15 Unbuffered
VBLOOMref |Internal reference for VBLOOM | 1.90 2.0 2.10 V | Unbuffered
VBLTWref Internal reference for VBLTW 1.35 1.50 1.65 V | Unbuffered
Vgg Internal bandgap reference 1.15 1.23 1.30 \% Decouple with 0.1uF
VCL1,2 Video Output Clamp Voltages 1.30 2.30 V  |An. Inputs
Vpac 5-Bit DAC Output 1.76 2.08 Vv For VCL1 or 2
RseT Resistor to set DAC bias currentf -5% 12K +5% | Ohms
lvrT Load Current on VRT 15 2.5 4.0 mA | Buffered from VRTref

Typical conditions, V. pp=5.0V, Ty = 25°C

Video Output Characteristics

Symbol Parameter Min. Typical Max. Units
Vplack AVO Black Level VCL1-30mV VCL1 VCL1+30mV \Y
Vihite AVO Peak White - Vplack-1.0V - Y,

Pixel Reset to Pixel Reset -0.125 0 0.125 \Y,
AVORef Pseudo-Diff. AVO Reference VCL2-30mV VCL2 VCL2+30mV \Y
lavo AVO output current -2mA 4mA mA
Favo AVO bandwidth 33MHz
Cavo AVO, AVOref Capacitive Loading 30 pF
Ravo AVO, AVOref Resistive loading 20K Ohms
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Package Details

PACKAGE DETAILS
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Pin List
Pin Name Type Function/Comment

POWER SUPPLIES

51, 35,18 | AVCC1-3 | PWR | 5V supply for the Column Source Followers.

50,36, 14 | AGND1-3 | GND | Ground for the Substrate and the Column Source Followers.

28, 32 AVDD1,2 | PWR | 5V supply for the Output Stage.

30 AVSS1 GND | Ground supply for the Output Stage.

75,11 DVvDD1,2 | PWR | 5V supply for Vertical Shift Registers

76, 10 DVSS1,2 | GND | Ground for Vertical Shift Registers

33 DVvDD3 PWR | 5V supply for Output Muxing.

34 DVSS3 GND | Ground for Output Muxing.

53 DVvDD4 PWR | 5V supply for Horizontal Shift Register.

52 DVSS4 GND | Ground for Horizontal Shift Register.

POWER-ON-RESET

65 RSTB oD Output of internal power-on-reset cell. Should be applied to
HCLRB and VCLRB at power up.

ANALOGUE VOLTAGE REFERENCES

77,9 VRT1,2 1A Pixel Reset Voltage and Power Supply.

12 Vbloom 1A Anti-blooming pixel reset voltage.

13 Vbltw IA Defines white level for the Bitline test.

19 VRTref OA Unbuffered Internally generated Reference for VRT

20 Vblmref OA Unbuffered Internally generated Reference for Vbloom

21 Vbltwref | OA Unbuffered Internally generated Reference for Vbltw.

15 Vbg OA Internal bandgap voltage reference (1.22 V); decouple with 10nF
17 Vnb 1A Decoupling (10nF) for internally generated bias current

16 Rset IA Sets internal master bias current; connect to AGND via 12K Res.
25 VCL1 1A AC Clamp Voltage for AVO output.

26 VCL2 1A AC Clamp Voltage for AVORef output.

ANALOGUE OUTPUT STAGE

31 AVO OA Buffered analogue video output; Inverted - low = white

29 AVORef | OA Buffered black level voltage reference.

55 SELRef ID SELRef=0 - Selects sensor output (video) at AVO.
SELRef=1 - Selects ‘Line Reference’

54 SAMRef | ID Samples the ‘Line Reference’ from VRT

56 CLAMP ID Controls AC Clamping circuit in output stage.
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Package Details

Pin Name Type Function/Comment
RESET AND READ VERTICAL SHIFT REGISTERS (VSR)
74 LCK ID Line clock input for Reset and Read Vertical Shift Registers
71 EVEN ID ODD/EVEN Line Clock.
72 PXRD ID Pixel Read: Control input to read a row of pixel voltages.
73 CDSR ID! Correlated Double Sampling: Control input to allow the row of pix-
els currently being read to be reset without advancing the reset
VSR.
67 VCLRB IDt Clear Reset and Read VSR’s.
68 VSETB IDt Preset the Reset VSR to all ones. The Read VSR is not preset.
69 FI ID Field Integrate: Resets VSR. High duration sets exposure time.
70 FR ID Field Read: Reads VSR. Starts field read out.
HORIZONTAL SHIFT REGISTER (HSR)
60 PCK ID Pixel clock
66 HCLRB ID1t Clear Horizontal Shift Register
59 LS ID Line Start: Starts horizontal scan/pixel output.
58 EC ID ODD/EVER Column Select.
57 COLsam | ID Sample the Column Source Follower Inputs (pixel row).
SERIAL DATA INTERFACE (SDI)
63 DIN ID! Serial Data Input
64 DOUT oD Serial Data Output
62 DLAT ID! Latch Serial Data into Control Register
61 DCK IDI Serial Data Clock Must be generated by host.
5-BIT RESISTIVE LADDER DAC
22 Vdactop | IA Voltage reference for the top of the resistive ladder
23 Vdac3/4 | OA Three-Quarter-point of the resistive ladder (Unbuffered)
27 Vdacbot | IA Voltage reference for the bottom of the resistive ladder
26 Vdac OA DAC Output Voltage (Unbuffered)
Key:
OA Analogue output pad ID Digital input
1A Analogue input pad ID1 Digital input with internal pull-up
oD Digital output pad oD\ Digital output with internal pull-down

16/06/97

37



8¢

WwieTTO0¥2ZP2

Pixel Array

+ Columns

CLAMP

Line

Reference

Sensor

CR[15..11] >

5-bit
Resistor
Ladder DAC

2k
AVO I I 2p
| I
1k
VCL1
VCL2
AVORef
| I
1k
Vdactop
Vdac 25K
25k
Vdac3/4

A_IN
REFTF

Pipelined ADC
10 bit / 20 Mspsj

REFBF

11NO0dIO 30V443LNI DAV

0'T uoisinay 193ysele( 19Npoid SI0susS 0985 % 0S89 A A NOISIA



Analogue Reference Buffering

ANALOGUE REFERENCE BUFFERING

IC1-IC3 = Low Noise FET I/P OPAMPS

VV6850
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APPENDIX A - FPN CANCELLATION SCHEMES

There are many possible ways achieve FPN cancellation in order to produce the highest quality
stills images from the VV6850 sensor. The exact method chosen will depend on the intended use
of the imager system, and the ancillary devices available in the system, such as the frame buffer
and mechanical shutter typical of a Digital Stills Camera. A number of schemes are discussed.

Multiple Dark Current Periods

The basic FPN cancellation scheme outlined in OPERATING MODES - STILL IMAGE CAPTURE can be
modified in many ways to suit a particular application. One such variation might be to extend the
post image exposure ‘dark image’ capture period to some integral multiple of the image exposure
period, in order to obtain a more accurate assessment of the dark current FPN:

1. With the shutter closed, release the sensor from reset and immediately read a frame into
buffer ‘A" memory; this captures the array threshold FPN and reset noise (‘Vgeset')

2. Open the shutter and expose the sensor to the required scene

3. Close the shutter and immediately read the array; as each pixel is read, subtract the value for
that position stored in the frame buffer to obtain the image plus dark current FPN (Vim+Vpark1)

value; store this value in second frame buffer, ‘B’

4. After a further (say) four frame periods, read the array again; as each pixel is read, subtract
the reset value for that position as stored in the ‘A’ frame buffer, and overwrite the position,
leaving the Vim + Vpark1 + Vbarke value in the buffer

5. For each pixel, subtract the value in ‘B’ from that in ‘A’ to give Vpgarko dark current value,
which is equivalent to four times the Vpgq value

6. Divide the Vpgo Values in ‘A’ by 4, then subtract them from the (Vi + Vpark1) values in ‘B’
and store the result, which is the Vj,, image data

The frame buffer now contains the corrected image values, which can be transferred to image
storage memory. This scheme is illustrated below:

/ Reset[n] | !— \
Read[n] il [ [ :
I | 1 ;
Shuter | | - i
Vpix l
Exposure

Viwhite- ~

k Not to scale | J
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