
DECLARATION OF PAMELA STANSBURY 

I, Pamela Stansbury, declare: 

I. I am an Administrative Supervisor of the Cornell University Library, and specifically the 
Original Cataloging Unit, located at Cornell University, Ithaca, New York 14853. I am 
knowledgeable regarding the policies and procedures of the Library as they relate to the 
receipt, cataloging, and tracking of books and I have personal knowledge of the facts set 
forth below. I am familiar with these procedures because I have been employed by the 
Library since 1982, where I began in Technical Services as a Serials Assistant, then a 
copy cataloger in the Cataloging Unit in 1984. I have held my current position since the 
mid-l 990s. 

2. The Cornell Library holds an original copy of the paper, An BOOK-pixel color CMOS 
sensor for consumer still cameras I JE.D. Hurwitz, Peter B. Denyer, Donald J Baxter, 
Graham Townsend in Solid state sensor arrays: development and applications: 10-11 
February 1997, San Jose, California, pp.115-124 (Proceedings of SP IE; v. 3019). 

3. Exhibit A to this Declaration is true and accurate copy of the cover and front matter with 
library date stamp of Solid state sensor arrays: development and applications· 10-11 
February 1997, San Jose, California, from the Cornell Library collection. Exhibit A also 
includes an excerpt of pages 115 to 124 of that volume, showing the article entitled An 
BOOK-pixel color CMOS sensor for consumer still cameras (1997). 

4. I have been asked for information about An BOOK-pixel color CMOS sensor.for consumer 
still cameras - specifically when this item was first made publicly available by the 
Cornell Library. From my review of the Library's records and my knowledge of the 
Library's standard procedures, An BOOK-pixel color CMOS sensor for consumer still 
cameras was cataloged and publicly available at the Engineering Library, in its public 
stacks, shelved by its Library of Congress classification system number within one or two 
days of August 7, 1997. A date stamp of"AUG 7 1997" on the inside of the front cover 
of the item indicates that it arrived at the Engineering Library on August 7, 1997 and at 
the point would be made available to the public. 

5. My opinion is based on the date stamp inside the item's front cover, and my knowledge 
of the Library's standard procedures relevant to date stamping, cataloging, and shelving 
items. I have not seen any indication that An BOOK-pixel color CMOS sensor.for 
consumer still cameras would have been an exception to the Library's standard practice. 
The Library maintains a searchable and publicly accessible catalog of its publications. 
Therefore, as of August 7, 1997 for An BOOK-pixel color CMOS sensor for consumer still 
cameras any member of the public could have located this item by searching our catalog 
by volume title or subject matter. 

79979844_1 
Samsung Exhibit 1046 

Page 1 of 16



I declare that all statements made herein ofmy knowledge are true, and that all statements made 
on information and belief are believed to be true, and that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code. 

Pamela J. Stansbury (name printed) 

State ofNew York 

County of Tompkins County 

Sworn to before me this 31 st day of January, 2020 

Notary Public 

: ANDREA DENISE SMITH COLON 
, NOTARY PUBLIC-STATE OF NEW YORK 
l Tompkins County 

I Registration #01 SM6276256 
. Commission J:xp. 02/11/20,lJ 

79979844_1 
Samsung Exhibit 1046 

Page 2 of 16



I 
I 
I 
I: 
' 

9 SPIE-The International Society for Optical Engineering 

Solid State Sensor Arrays: 
Development and Applications 

Morley M. Blouke 
Chair/Editor 

10-11 February 1997 
San Jose, California 

Sponsored by 
IS& T-The Society for Imaging Science and Technology 
SPIE-The International Society for Optical Engineering 

Volume 3019 

Samsung Exhibit 1046 
Page 3 of 16



' 

', 

' 

AUG 7 1997 

All books are subject to recall after two weeks, 
Engineering library 

DATE DUE 

GAYLORD PRINTED IN u_s.A. 

Samsung Exhibit 1046 
Page 4 of 16



PROCEEDINGS OF SPIE 
~ SPIE-The International Society for Optical Engineering 

111111111111111111 !~1l111/11!1!~!il1Ul1i1i~1!~111111111111 
3 1~24 07~ ~2§ 172 

Solid State Sensor Arrays: 
Development and Applications 

Morley M. Blouke 
Chair/Editor 

10-11 February 1997 
San Jose, California 

Sponsored by 
IS& T-The Society for Imaging Science and Technology 
SPIE-The International Society for Optical Engineering 

Published by 
SPIE-The International Society for Optical Engineering 

p 
Volume 3019 

SPIE is an international technical society dedicated to advancing engineering and scientific 
applications of optical, photonic, imaging, electronic1 a,nd optoelectronic technologies. 

Samsung Exhibit 1046 
Page 5 of 16



(r)t: i~~ 

;\ The papers appearing in this book comprise the proceedings of the meeting mentioned on the 
cover and title page. They reflect the authors' opinions and are published as presented and 
without change, in the interests of timely dissemination. Their inclusion in this publication does 
not necessarily constitute endorsement by the editors or by SPIE. 

Please use the following format to cite material from this book: 
Author(s), "Title of paper," in Solid State Sensor Arrays: Development' and Applications, 

Morley M. Blouke, Editor, Proceedings of SPJE Vol. 3019, page numbers (1997). 

ISSN 0277-786X 
ISBN 0-8194-2430-7 

Published by 
S~IE-The International Society for Optical Engineering 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone 360/676-3290 (Pacific Time)• Fax 360/647-1445 

Copyright ©1997, The Society of Photo-Optical Instrumentation Engineers. 

Copying of material in this book for internal or personal use, or for the internal or personal use 
of specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is 
authorized by SPIE subject to payment of copying fees. The Transactional Reporting Service 
base fee for this volume is $10.00 per article (or portion thereof), which should be paid directly 
to the Copyright Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment 
may also be made electronically through CCC Online at http://www.directory.net/copyright/. 
Other copying for republication, resale, advertising or promotion, or any form of systematic or 
multiple reproduction of any material in this book is prohibited except with permission in 
writing from the publisher. The CCC fee code is 0277-786X/97/$10.00. 

Printed in the United States of America. 

SES: 

SES! 

SES: 

Samsung Exhibit 1046 
Page 6 of 16



An SOOK-Pixel Color CMOS Sensor For Consumer Still Cameras. 

J.E.D. Hurwitz, Peter B Denyer, Donald J. Baxter, GrahamTownsend 

VLSI Vision Ltd, Aviation House,31 Pinkhill, Edinburgh 

ABSTRACT 

An 800k-pixel Active Pixel device has been developed for use in a Digital Still Camera application. A mode of operation has 
been developed to cancel the problems of Fixed Patterned Noise (FPN) and dark current inherent to this type of CMOS imaging 
array. A time multiplexed read-out mechanism aliows the device to operate at 5 Mpix/s and still settle to within 0.1 %. The 
device, with a full well of approximately IO0K electrons, is capable of delivering a S/N of 66dB, and a sensitivity of approxi­
mately SOm V /lux at SOmS exposure. The sensor is covered with a color mosaic to allow an accurate recovery of a color image. 
This sensor makes new in-roads for CMOS imaging into areas traditionally occupied by CCD's 

Keywords: CMOS sensors, Active Pixels, Image Sensors, Digital Still Cameras 

1.0 INTRODUCTION 

We report on the development and perlormance of au 800k-pixel Active Pixel Sensor (APS) for a new generation of Digital Still 
Cameras (DSC). The operation of the device takes advantage of other system components found in a typical DSC application 
(Figure 1), in order to cancel threshold offsets and dark current FPN inherent to Active Pixel arrays that are fabricated on stand­
ard digital CMOS processes. This provides a cost effective final solution. In a DSC there is usualiy a Frame store available, it is 
sufficient to know that a 12-bit deep frame store is available off the sensor as a nonnal part of the camera function (in a still cam­
era the image is digitised and stored in this buffer prior to compression for long term storage). We use this buffer as a cache store 
for several image operations. 

2.0 PIXEL ARCHITECTURE 

The active pixel which lies at the heart of the image sensor is shown in Figure 2. It comprises 3 transistors; Ml which forms the 
top section of a NMOS source follower stage, M2 - the access transistor for reading the pixel and M3 the reset transistor. This 
simple pixel type is chosen for low read noise, compact layout and good spectral response. The inherent problem with a photo­
diode pixel type, namely reset noise, is overcome by au appropriate operatiug scheme, that uses the possibility of a non-destruc­
tive read to cancel the effective reset voltage. 

The reset/integrate/read cycle of the pixel starts with the reset transistor M3 tumed on, so that the pixel voltage, Vpix, is reset to 
VRT. When the control line for M3, Rst[n] goes low the photodiode starts to discharge the pixel capacitance. Near the end of the 
required exposure period, the read transistor, M2, is tumed on by Rd[n] going high. This connects a current source at the bottom 
of the pixel columns to the output of transistor Ml forming an NMOS source follower. The output line, Vx[m] will settle to a 
roughly a NMOS threshold voltage below Vpix. The integration time of the pixel ends when Rd[n] goes low. Finally, Rst[n] 
goes high to retum the pixel into reset, to prevent any problems caused by the pixel blooming when not in use. Instead of tog­
gling the Rst[n] line from 5V to 0V when going from reset to integration, it is possible to put the reset line to a voltage 'Vbloom' 
that is chosen to be between VRT and VT(NMOS), so as not to introduce Fixed Pattern Noise in white areas of the image. 

The pixel is layed out to be 10.8nm square using a 0.8nm double-metal, single-polysilicon, industry standard, CMOS process. 

Company Information: www.vvl.co.uk 
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3.0 SENSOR ARCHITECTURE 

The sensor chip architecture (Figure 3) includes conventional shift-register based access by row and column. However, column 
output is via a multiplexed, buffered tree which has been optimised to achieve sample settling to better than 0.1 % at a pixel read· 
out rate of 5 Msps. 

Each tree path, and of course the pixel itself, contains a random but fixed offset, which is also cancelled as part of the general 
operating scheme. 

The image sensor comprises an 804 by 1014 array of active pixels (photodiode plus the top section of a NMOS source follower 
stage - Figure 3) feeding into a row of column PMOS source followers at the top of the photodiode array. These columns are 
then in turn multiplexed on to 4 output channels, and finally onto the AVO output. 

Exposure is controlled by a reset shift register with pixel read-out controlled by the read and horizontal shift registers.The reset­
ing and reading of the pixel is performed on a line to line basis, i.e. the row of column amplifiers read a whole line of pixel volt• 
ages in parallel. The length of the pulse, Fl, propagating up this register sets the exposure time for a line of pixels. The ]lltlse, 
FR, propagating down the read vertical shift register, decides which line is to be read. 

The columns are read out by the LS pulse propagating along the Horizontal Shift Register. To avoid bandwidth limitations 
within the outpot stage causing crosstalk problems between the colours in a colour pixelated sensor the horizontal shift register 
either reads out the odd columns and then the even columns, Shuffling the data. This can be later unshuflled in the picttne 
processing. 

At the top of the array are the current sources which combine with the Ml transistor in the pixel to form the pixel source fol­
lower. Also at the top of each column is a sample and hold stage and a PMOS source follower to drive the output stage. The pur­
pose of the sample/hold stage is to allow all the pixels within a line to have the same exposure, as the outputs of a row pixels are 
sampled in parallel. 

The columns are read-out via 4 column output channels. Each channel is multiplexed out onto the AVO pin, via an AC-coupling 
stage. This is used to restore the DC content. There is an onboard 5-bit DAC that can be used to adjust one or other of the clamp· 
ing voltages in order to put the video into the input window of the ADC. It should be noted that the video is 'inverted', i.e. Black 
is higher than White. There is an AVORef pin to provide a pseudo-differential output, by providing a 'mimic' ed output stage of 
an internal reference of black. This can be used to track any output chain variations and to set-up the sampling ADC range. 

In keeping with the attributes of a CMOS sensor, the device integrates a number of peripheral circuit functions, including a low­
noise op-amp based output buffer designed to ensure glue-free interfacing to an industry-standard AID converter. (Figure 4) 

4.0 COLORIZATION 

A four-color pixel arrangement based on the primary colors (RGB) has been used. This provides high color fidelity with low 
color aliasing; an objective which is especially relevant for still photography. The 4 colours are Red, Green, Blue and Teal (a 
mixture of Blue/Green). 

5.0 DEVICE OPERATION 

Although the read-out path is intrinsically low noise, there are several offset noise sources that need to be cancelled if we are to 
achieve net image noise in the range of -60dB to -70dB, as required for high quality still image reproduction. In simple tenns the 
imager is read twice; one image is taken in the dark and forms a reference, and the other image is exposed. The array is not reset 
between the two images. The two images are differenced and the result is the 'clean' image. There are many different ways to 
operate the device to give this result, Figure 5 shows a sequence of 1 reset, and 3 reads that leads to cancellation of Reset Noise, 
Array offsets, and dark current FPN. 
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The 3 reads are:-

(A) The reference image, which contains the Array threshold FPN and the KTC reset noise. 

(B) The exposed image, which contains the reference image, the signal and the dark current FPN. 

(C)The dark image, which contains the exposed image, and another dark current FPN (4x the value). 

By simple calculations the signal can be extracted from these sources of FPN and noise, leaving behind a residual noise. 

difference image = exposed - reference = B - A 

Dark corrected image= difference - (dark-exposed)/4 = (B-A) - (C-B)/4 

A summary of the principle mechanisms of FPN and Reset Noise is given below. 

5.1 Reset Noise 

The photodiode has capacitance and because it is switched when reset it is subject to KTC noise, as the same Photodiode reset 
noise is present in both reference and exposed images it is therefore cancelled in the difference image. 

5.2 Transistor Threshold Offsets 

The path from photodiode to output contains a total of 3 source follower buffers (including the one in the pixel), and a final op­
amp buffer, each with a threshold related offset As these are static they are also cancelled in the difference image. This cancel­
lation can be imperfect due to flicker noise over the period between the two reads. We have measured this effect, and account for 
it in the cumulative noise analysis below. 

5.3 Dark Current 

Dark current fixed pattern noise is estimated by repeating the entire image capture process but with a closed mechanical shutter. 
To reduce noise added through this process it can be beneficial to extend the exposure time for dark image by some factor (4x is 
used in this paper) 

6.0 Residual Noise 

With successful operation of the above scheme all fixed pattern sources are cancelled and the residual sources are:­

(i) Flicker noise in the output chain 

The major contributors are the Ml transistor of the pixel, which is a very small NMOS device (Flicker noise being inversely pro­
portional to area), and in the Output buffer which contains several transistors. 

(ii) Thermal noise iu the output chain 

Thermal noise is related to bandwidth, the Output Buffer and extemal amplifier have been respectfully chosen to limit their 
bandwidths to 30MHz, keepiug their noise contributions down 

(iii) AID quantisation noise 

The quantisation noise is calculated from the theoretical limit, of a perfectly linear ADC. It is related to the number of bits of 
resolution. The noise of the system is calculated for both 10bit and 12bit ADC's. Note that a 'real' ADC will be worse than the 
theoretical limit. 
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(iv) Dark current shot noise 

Tbe dark current noise contribution are calculated as the Square root of the mean dark current. The mean dark current was cal­
culated at 25C and will double for approximately every SC. Tbe noise contribution of the 'dark' image is greatly reduced by 
dividing it's contribution by 4. 

6.1 Noise Analysis 

Note that these noise figmes represent the net performance of the total camera system, in normal operating mode not just read 
noise of the sensor alone. All figures are rms electrons, referred to photodiode. 

Reference 
Image 

(A) 

Array/Read-out Offsets 7000 

Reset Noise 52 

Average Dark Current Fixed 
Pattern (200msec) -

Dark Current Shot Noise -
Thermal Noise 12 

. Flicker Noise -
10/12- bit A/D Quantisation 28/7 

Total Camera Noise (10/12) bit 

Theoretical S/N (10/12) bit 

# Values here are present, but cancelled in image difference operation. 

* Values here are present, but are cancelled by taking the difference 

Differenced 
Image 

(B-A) 

# 

360 

19 

17 

6 

40/10 

7.0 Measured Data and Status 

Dark-Current 
Compensated 

Image 
(B-A)-(C-B)/4 

-

* 
21 

18 

6 

41/10 

50/30 

66dB/71dB 

The device has been fabricated (Figure 6) and is 100% functional, producing color still images of very high quality. Characteri­
sation measurements confirm that the performance is close to the noise data given. with S/N figmes of 62dB and 66dB respect­
fully for the.10-bit and 12-bit systems. Tbe Quantum efficiency and spectral response are in line with published results for 
similar photodiode structures. a summary of the performances are given below 
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8.0 Summary of Sensor Characteristics 

Technology 0.8umCMOS 

Array Size 1014x 804 

Pixel Size IO.Sum x IO.Sum 

Fill Factor 26% 

Saturated Signal 100k electrons 

Sensitivity 1 Ou V /electron 

Responsivity - Black/White with IR Filter 200m V flux at SOmS exposure 

Responsivity - Average Color with IR Fil- 50m V flux at S0mS exposure 
ter 

Dark Signal 15mV/S at25C 

Non-Linearity . <3% across Full Scale 

SIN of the 10 Bit system 62dB 

SIN of the 12 Bit system 66dB 

Sensor Power Supply 5V 

Sensor Power Consumption 120mW 

Pixel rate for 0.1 % settling 5MSPS 

Maximum Pixel rate lOMSPS 

119 
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FIGURE 6. VV6800 CHIP PHOTOMICROGRAPH, 10.8mm x 12.3mm 

124 Samsung Exhibit 1046 
Page 16 of 16




