United States Patent 119
Lyon

ny o 3,956,622
[45]1 May 11, 1976

[54] TWO’S COMPLEMENT PIPELINE
MULTIPLIER

[75] Inventor: Richard Francis Lyen, Stanford,

Calif.

{731 Assignee: Bell Telei)hone Laboratories,
Incorporated, Murray Hill, N.J.

[22] Filed: Dec. 20, 1974
{211 Appl. No.: 534,765

[52] US.Cl oo cciee e e, 235/164
[51] Imt. CLZ......ooiiceeeeree e GOGF 7/54
[58] Field of Search............................ 235/156, 164
[56] References Cited

UNITED STATES PATENTS
3,582,634 6/1971 Bartlett........occceveernniinnnnen. 235/164
3,627,999  12/1971  Iverson .....ccccccceeveeececcnennnnn 235/164

3,737,638 6/1973  Esteban ........ccccceeeeevinnnnen. 235/164
3,761,699 9/1973  Sather..... .. 235/164 X
3,805,043 4/1974  Clary ..ccoeivirvcniireicnene, 235/164

OTHER PUBLICATIONS
L. B. Jackson et al., “An Approach to the Implemen-

[*]
=4

tation of Digital Filters” IEEE Trans. on Audio &
Electroacoustics, Vol. AU-16, No. 3, 9-1968, pp.
413-421.

Digital Computer Design Fundamentals, Published
1962, pp. 444-447.

Primary Examiner—Malcolm A. Morrison
Assistant Examiner—Jerry Smith
Attorney, Agent, or Firm—R. A. Ryan

[57] ABSTRACT

The present invention includes a substantially modular
pipeline multiplier for directly forming the correct
final product of a 2’s complement data word and a
sign and nagnitude coefficient word. In particular, the
present invention includes circuitry for inserting logic
1 signals into the computations as sign extensions dur-
ing multiplication whenever the data word is a nega-
tive 2’s complement number.
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[57] ABSTRACT

A self-calibrated clock and timing signal generator pro-
vides reliable and continuous arbitrary digital wave-
forms of preselectable edge resolution. The generator
comprises a multistage means to produce a time delayed
signal of preselectable edge resolution and having a
plurality of outputs or taps between a plurality of series
connected delay stages comprising the multistage
means. The delay per stage is substantially identical so
that the selection of any one of the outputs is representa-
tive of a predetermined amount of delay provided to.an
input signal to the multistage means. Calibrating means
is integrally included to develop a control signal which
is coupled to each of the stages of the multistage means
to continuously maintain the predetermined amount of
delay per stage. In the embodiment described, the cali-
brating means takes the form of an automatic frequency
control (AFC) loop wherein the frequency of a voltage
controlled oscillator (VCO) is regulated to be equal to
that of a reference frequency. The VCO comprises a
plurality of series connected delay stages. The control
voltage is applied to each stage to control the period of
frequency of the VCO. The control voltage developed
to adjust the VCO frequency is also employed to regu-
late the delay of the stages comprising the multistage
means. The stages of the delay line are identical in con-
struction to the stages of the VCO.

8 Claims, 10 Drawing Figures
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[571 ABSTRACT

An imaging array provides a plurality of distinguishable
bitmap images and comprises an array of sensor cells
capable of sensing radiation. The cells are connected in
a manner to form distinguishable bitmap images
through a pattern of correspondence among the cells.
Each bitmap image formed comprises a combination of
one or more cells indicative of detecting an image pixel
within a field of array cells that have been nonindicative
of such detection. The pattern of correspondence may
be one of inhibition of the operation of other cells in the
array or one of indication of operation to other cells in
the array. Various patterns of correspondence can be
created among the cells creative of bitmap images. Bit-
map images may consist of combinations of responsive
cells within a field of nonresponsive cells in the array.
For example, each bitmap image may comprise radia-
tion responsive array cells that have sensed a sufficient
quantity of radiation within a field of cells which have
not sensed radiation or have been inhibited from sensing
radiation. On the other hand, each bitmap image may
comprise array cells that have not sensed a sufficient
quantity of radiation within a field of cells that have
sensed a sufficient quantity of radiation. An application
of the imaging array is in an IC chip for a cursor control
device or an “optical mouse” for use with an interactive
display oriented computer system to provide movement
for a visible cursor from position to position on a display
screen of such a system.

63 Claims, 43 Drawing Figures
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[57] ABSTRACT

Speech and like signals are analyzed based on a model
of the function of the human hearing system. The model
of the inner ear is expressed as signal processing opera-
tions which map acoustic signals into neural representa-
tions. Specifically, a high order transfer function is
modeled as a cascade/parallel filterbank network of
simple linear, time-invariant second-order filter sec-
tions. Signal transduction and compression are based on
a half-wave rectification with a non-linearly coupled,
variable time constant automatic gain control network.
The result is a simple device which simulates the com-
plex signal transfer function associated with the human
ear. The invention lends itself to implementation in
digital circuitry for real-time or near real-time process-
ing of speech and other sounds.

19 Claims, 8 Drawing Figures
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571 ABSTRACT

An electronically variable active analog delay line uti-
lizes cascaded differential transconductance amplifiers
with integrating capacitors and negative feedback from
the output to the input of each noninverting amplifier.
The delay of each section may be controlled through a
conductor having distributed resistance connected at
distributed points to the transconductance control ter-
minal of the amplifiers with a controllable voltage gra-
dient between the two ends of the conductor. Signals
may be coupled in and added to a propagating signal
using capacitors, or transconductance amplifiers which
may also be of the differential transconductance type,
particularly when coupling signals from a second delay
line having substantially the same propagation velocity.
The differential transconductance amplifiers may be
arranged in pairs, each pair with positive feedback from
the output terminal of the second to the input terminal
of the first amplifier of the pair through a third differen-
tial amplifier with positive feedback from its own out-
put terminal. The transconductances of the cascaded
amplifiers are controlled in each section to produce the
desired time-constant (delay) of the section, and the
transconductance of the positive feedback amplifier is
controlled for stable operation and gain control of the
section.
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[57] ABSTRACT

A filter capable of having its damping and frequency
parameters independently varied. The filter can be rep-
resented in either a digital or an analog computation
network. The network comprises four multipliers for
multiplying by a frequency term twice and a damping
factor twice. In addition, the network comprises two
unit delay blocks for temporarily storing previous signal
input values for zeros or output values for poles. These
stored values are used in computing subsequent outputs.
The multipliers are configured with adders and sub-
tractors to compute a next output value as a combina-
tion of a current input, a weight —2-2df+4 f2—wd>2f2
times the most recent saved value and a weight
1—2df+wd2f2 times the previous saved value. More-
over, unity gain at DC can be achieved.
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[57] ABSTRACT

A statically operated dynamic CMOS logic gate that
includes an FET logic network for performing a prede-
fined logic function with respect to its logic inputs, an
output node, a precharge transistor, and in some em-
bodiments an evaluate transistor. During operation, the
precharge transistor is first turned on by a clock signal
during a precharge phase to precharge an output node
of the dynamic logic gate to a first voltage state. During
the precharge phase, the evaluate transistor is turned off
by the clock signal. An evaluate phase typically follows
the precharge phase, and during the evaluation phase,
the evaluate transistor is turned on by the control signal
to allow the logic network to perform the predefined
logic function with respect to its inputs, and the logic
network selectively charges or discharges the output
node to a second voltage state via the evaluate transistor -
in accordance with the predefined logic function given
to the logic inputs to the logic gate. A driver circuit is
provided for applying a bias voltage to the gate of the
precharge transistor when the precharge transistor is
not precharging the output node (e.g. the evaluate
phase). The bias voltage has a voltage level that differs
from the first voltage state by less than the magnitude of
the threshold voltage of the precharge transistor in
order for the precharge transistor to operate in a sub-
threshold conduction region so as to ensure the logic
gate’s output node to be at the first voltage state when
the logic network does not discharge the output node to
the second voltage state through the evaluate transistor
as a result of the predetermined logic function. In this
way, the dynamic logic gate circuit can operate stati-
cally with substantially minimized power consumption.
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[57] ABSTRACT

A system for reconstructing a signal waveform from a
correlogram is based upon the recognition that the informa-
tion in each channel of the correlogram is equivalent to the
magnitude of the Fourier transform of a signal. By estimat- -
ing a signal on the basis of its Short-Time Fourier Transform
Magnitude, each channel of information from a cochlear
model can be reconstructed. Once this information is
retrieved, a signal waveform can be resynthesized through
inversion of the cochlear model. The process for reconstruct-
ing the cochlear model data can be optimized with the use
of techniques for improving the initial estimate of the signal
from the magnitude of its Fourier Transform, and by
employing information that is known apriori about the signal
during the estimation process, such as the characteristics of
sound signals.
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[57] ABSTRACT

A statically operated dynamic CMOS logic gate that
includes an FET logic network for performing a predefined
logic function with respect to its logic inputs, an output
node, a precharge transistor, and in some embodiments an
evaluate transistor. During operation, the precharge transis-
tor is first turned on by a clock signal during a precharge
phase to precharge an output node of the dynamic logic gate
to a first voltage state. During the precharge phase, the
evaluate transistor is turned off by the clock signal. An
evaluate phase typically follows the precharge phase, and
during the evaluation phase, the evaluate transistor is turned
on by the control signal to allow the logic network to
perform the predefined logic function with respect to its
inputs, and the logic network selectively charges or dis-
charges the output node to a second voltage state via the
evaluate transistor in accordance with the predefined logic
function given to the logic inputs to the logic gate. A driver
circuit is provided for applying a bias voltage to the gate of
the precharge transistor when the precharge transistor is not
precharging the output node (e.g. the evaluate phase). The
bias voltage has a voltage level that differs from the first
voltage state by less than the magnitude of the threshold
voltage of the precharge transistor in order for the precharge
transistor to operate in a subthreshold conduction region so
as to ensure the logic gate’s output node to be at the first
voltage state when the logic network does not discharge the
output node to the second voltage state through the evaluate
transistor as a result of the predetermined logic function. In
this way, the dynamic logic gate circuit can operate statically
with substantially minimized power consumption.
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[57] ABSTRACT

A bounds evaluation unit generates a bounds measurement
pair corresponding to a character pattern pair determined
from a handwritten word. Within the bounds measurement
pair, a first bounds measurement corresponds to a first
character pattern, and a second bounds measurement corre-
sponds to a second character pattern. The first and second
bounds measurements are each a bounding box that defines
a left-most, a right-most, a top-most, and a bottom-most
extent of the corresponding character pattern. The bounds
measurement pair is compared against one or more bounds
model pairs, where each bounds model pair corresponds to
a hypothesized character identifier pair in which each indi-
vidual hypothesized character identifier has been determined
by a character recognition unit. Each bounds model pair
indicates the expected size and position of a character
pattern pair corresponding to the hypothesized character
identifier pair. Bounds model pairs are trained based upon
size and positional relationships between character pattern
pairs within handwritten training words. The comparison of
the bounds measurement pair against a given bounds model
pair produces a set of error values. The error values are used
in conjunction with an error covariance matrix that has also
been trained with handwritten training words to determine a
pairwise cost value associated with the hypothesized char-
acter identifier pair. A word recognition unit incorporates
individual character cost values and each pairwise cost value
in a conventional minimum-cost path search method to
determine the identity of the handwritten word.
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[57] ABSTRACT

A method and system for approximating a Phong shading
calculation for 3D renderings of realistic graphic images.
The new method uses only a modest number of multiplies
and adds to approximate a calculation that required divides,
square roots and powers. The approximation uses approxi-
mate normalization, vector differences. and a shape function
to simplify the processing and to improve performance
significantly while still generating a graphic rendering that is
very realistic.
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[57] ABSTRACT

A storage pixel sensor comprises a photosensor selectively
connectable to a reset potential; a switched buffer amplifier
having a control terminal coupled to said photosensor, a first
terminal connected to a source of a transfer signal, and a
second terminal; a storage capacitor coupled to said second
terminal of said switched buffer amplifier; and an amplifier
coupled to said storage capacitor.
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[57] ABSTRACT

A color separating prism is disclosed for use in an electronic
imaging systems such as a video or digital still-image
camera. The prism separates an incoming light beam into
red, green and blue light components and directs the sepa-
rated light components onto adjacent imaging sensors.
Beam-splitting interfaces of the prism are optically config-
ured to admit approximately ten to twenty percent of a violet
light contained in the incoming light beam into the red color
channel. The prism may beneficially be optically coupled to
a light-rejecting filter or mirror which rejects undesired
far-red, far-violet and blue-green components of the light
beam. In this manner, the resultant red, green and blue
channels approximate a set of substantially non-negative
color matching functions to facilitate highly colorimetrically
accurate color imaging and thereby reduce or eliminate the
need for post-imaging color correction.
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[57] ABSTRACT

In a first embodiment an active pixel sensor includes a
photodiode for capturing photocharge, a reset transistor for
resetting the photodiode to a reset potential, and a readout
transistor, and in a second embodiment an active pixel
sensor includes a photodiode for capturing photocharge, a
reset transistor for resetting the photodiode to a reset
potential, a transfer transistor for transferring captured
photocharge, and a readout transistor. In both embodiments,
the readout transistor has a drain that is coupled to a first
supply voltage during integration of photocharge and a
second supply voltage during readout of the photocharge.
Accordingly, the sensitivity of an active pixel sensor is
increased by increasing the fill factor, the noise an active
pixel sensor is reduced by increasing the relative size of the
readout transistor, and the gain is compressive as the relative
light intensity in an active pixel sensor increases.
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(7) ABSTRACT

A color-separation prism assembly comprises first, second
and third prisms. The first and second prisms have entrance
surfaces, exit surfaces, and partially-reflecting surfaces,
wherein the entrance surface of the second prism is sepa-
rated by an air gap from the partially-reflecting surface of the
first prism. The third prism has an entrance surface and an
exit surface, wherein the entrance surface of the third prism
is adjacent to the partially-reflecting surface of the second
prism. The first prism has a cut-out serving as a flare-stop
stop, and providing relief so as to allow the entrance surface
of the third prism to slide across a plane disposed over the
cut-out into a volume defined by the cut-out. The plane is
formed as an extension of the partially-reflecting surface of
the first prism. An optical axis passes through the first,
second and third prisms. The optical axis passes at normal
angles through the entrance surface of the first prism, and the
exit surfaces of the first, second and third prisms. The
partially reflecting surfaces each have angles-of-incidence
of less than 30° relative to the optical axis.
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(7) ABSTRACT

A storage pixel sensor disposed on a semiconductor sub-
strate comprises a capacitive storage element having a first
terminal connected to a fixed potential and a second termi-
nal. A photodiode has an anode connected to a first potential
and a cathode. A semiconductor reset switch has a first
terminal connected to the cathode and a second terminal
connected to a reset potential. A semiconductor transfer
switch has a first terminal connected to the cathode and a
second terminal connected to the second terminal of the
capacitive storage element. A semiconductor amplifier has
an input connected to the capacitive storage element and an
output. The semiconductor reset switch and the semicon-
ductor transfer switch each have a control element con-
nected to a control circuit for selectively activating the
semiconductor reset switch and the semiconductor transfer
switch. A light shield is disposed over portions of the
semiconductor substrate comprising a circuit node including
the second terminal of the semiconductor transfer switch,
the second terminal of the capacitive storage element and the
input of the semiconductor amplifier and to prevent sub-
stantially all photons from entering the circuit node. Struc-
tures are present for preventing substantially all minority
carriers generated in the semiconductor substrate from enter-
ing the circuit node. A plurality of storage pixel sensors are
disposed in an array.
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(7) ABSTRACT

A method for controlling the exposure of an active pixel
array electronic still camera includes the steps of: integrating
photocurrent in each pixel during an integration time period;
collecting overflow charge from all pixels in the array during
the integration time period; developing an overflow signal as
a function of the overflow charge; and terminating the
integration time period when the overflow signal exceeds a
preset threshold level selected to represent a desired refer-
ence exposure level. Apparatus for performing the method
of the present invention includes circuitry for integrating
photocurrent in each pixel during a integration time period;
circuitry for diverting and detecting overflow charge from
all pixels in the array during the integration time period;
circuitry for developing an overflow signal as a function of
the overflow charge; and circuitry for terminating said
integration time period when the overflow signal exceeds a
preset threshold level selected to represent a desired refer-
ence exposure level.
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(7) ABSTRACT

A neural network has reduced requirements for storing
intermodal weight values, as a result of a dual-precision
training process. In the forward propagation of training
samples, low-resolution weight values are employed. Dur-
ing back-propagation of errors to train the network, higher-
resolution values are used. After training, only the lower
resolution values need to be stored for further run-time
operation, thereby reducing memory requirements.
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57 ABSTRACT

A storage pixel sensor disposed on a semiconductor sub-
strate comprises a capacitive storage element having a first
terminal connected to a fixed potential and a second termi-
nal. A photodiode has an anode connected to a first potential
and a cathode. A semiconductor reset switch has a first
terminal connected to the cathode and a second terminal
connected to a reset potential. A semiconductor transfer
switch has a first terminal connected to the cathode and a
second terminal connected to the second terminal of the
capacitive storage element. A semiconductor amplifier has
an input connected to the capacitive storage element and an
output. The semiconductor reset switch and the semicon-
ductor transfer switch each have a control element con-
nected to a control circuit for selectively activating the
semiconductor reset switch and the semiconductor transfer
switch. A light shield is disposed over portions of the
semiconductor substrate comprising a circuit node including
the second terminal of the semiconductor transfer switch,
the second terminal of the capacitive storage element and the
input of the semiconductor amplifier and to prevent sub-
stantially all photons from entering the circuit node. Struc-
tures are present for preventing substantially all minority
carriers generated in the semiconductor substrate from enter-
ing the circuit node. A plurality of storage pixel sensors are
disposed in an array.

8 Claims, 11 Drawing Sheets

global xfr | |

V hi
Vie

reset

J

row N select

J_I / 280

row N xfr l

CDS clock J‘LFI_I"@"‘ 286
capture signial on CDS capacitor here

[1—>s8

[

290

—>| |<- can columns out during

reference interval



a2 United States Patent

US006760070B1

10y Patent No.: US 6,760,070 B1

Merrill et al. 5) Date of Patent: Jul. 6, 2004
(54) HIGH-SENSITIVITY STORAGE PIXEL DE WO 98/19455 5/1998  ........... HO4N/3/15
SENSOR ARRAY HAVING AUTO-EXPOSURE DE 198 36 356 Al 5/1999 ... HO1L/27/146
DETECTION DE WO 99/66560 12/1999 ... HO1L/27/144
DE WO 99/66712 12/1999 ... HO4N/3/15
(75) TInventors: Richard B. Merrill, Woodside, CA DE WO 00/72604 A1 11/2000 ............ HO4N/9/04
(US); Richard M. Turner, Menlo Park, (List continued on next page.)
CA (US); Milton B. Dong, Saratoga,
CA (US); Richard F. Lyon, Los Altos, OTHER PUBLICATIONS
CA (US) Electrically Erasable and Reprogrammable Read—Only
. . Memory Using the n—Channel SIMOS One—Transistor Cell;
(73) Assignee: Foveon, Inc., Santa Clara, CA (US) IEEE Transactions on Electron Devices, vol. ED-24, No. 5,
(*) Notice:  Subject to any disclaimer, the term of this May 1977, Bernward Rossler.
patent is extended or adjusted under 35 (List continued on next page.)
U.S.C. 154(b) by 0 days.
Primary Examiner—Wendy R. Garber
(21) Appl. No.: 09/527,107 Assistant Examiner—Luong Nguy.en
(74) Attorney, Agent, or Firm—Sierra Patent Group, Ltd.
(22) Filed: Mar. 16, 2000
57 ABSTRACT
Related U.S. Application Data An integrated active pixel sensor array arranged in a plu-
(62) Division of application No. 09/515,807, filed on Feb. 29, rality of rows and columns comprises a saturation level line
2000. coupled to a source of saturation level control voltage, a
. global current-summing node. A plurality of active pixel
(51) Imt. CL7 oo, HO4N 5/335; HO1L 27/00 sensors is disposed in the array, each pixel sensor associated
(52) US.CL oo, 348/294; 348/300; 348/302; with one row and one column of the array and including a
348/308; 250/208.1 photodiode having a first terminal coupled to a first potential
(58) Field of Search ...........c.cccocooveeiiene. 348/294, 300, and a second terminal, a reset transistor having a first
348/301, 302, 308; 257/291, 292, 293; terminal coupled to the second terminal of the photodiode,
250/208.1 a second terminal coupled to a reset reference potential that
reverse biases the photodiode, and a control gate coupled to
(56) References Cited the reset line, a photocharge integration node coupled to the
U.S. PATENT DOCUMENTS s.econd terminal of Fhe photodiode, the photocharge integra-
tion node comprising the gate of a first source-follower
3,866,067 A 2/1975 Amelio ...ccoeuveeenennen. 307/311 transistor, the first source-follower transistor having a drain,
3,934,161 A 1/1976 Caywood .. 307/311 coupled to a first source-follower drain line, and a source, a
3,971,065 A T/1976 Bayer ...ooooviiieiinin 358/41 circuit for generating a bias current at the source of the first
(List continued on next page.) source follower transistor, and an exposure transistor having
a source coupled to the source of the first source-follower
FOREIGN PATENT DOCUMENTS transistor, a drain coupled to the global current-summing
DE 4304506 Al 81994 .o HO4N/S/225 node and a control gate coupled to the saturation level line.
DE WO 96/15626 5/1996 ... HO4N/5/335
DE WO 97/17800 5/1997 s HO4N/3/143 27 Claims, 4 Drawing Sheets
ithreshold
Smart 40
Autoexposure L »
Algc'mmm 2 Curment -~ 48 Teminate
AD Comp. | Exposure
Converter s _—EL
L'global
< l o Global Current
\ © SummiNG node
M e 10 VSFD1 <]
VR 42\])-1 SL:‘}GI / V:ﬁnm :: .
peseT—C—~—18 VD! b S
VSFD2 SELECT Control |
XFR SFBIAS +— %
' 2 1 SMT LEVEL«—|
BARRIER—C~_,, ? —— i "

£
= 2 28 T
—~—~]1—SFBIAS 26 =

24




a2 United States Patent

US006794627B2

10y Patent No.: US 6,794,627 B2

Lyon et al. @#5) Date of Patent: Sep. 21, 2004
(549) AGGREGATION OF ACTIVE PIXEL SENSOR 6,255,680 Bl 7/2001 Nakashiba
SIGNALS 6,480,227 B1 * 11/2002 Yoneyama .................. 348/308
(75) Inventors: Richard F. Lyon, Los Altos, CA (US); FOREIGN PATENT DOCUMENTS
Robert S. Hannebauer, Sunnyvale, CA WO WO 99/48281 9/1999
(US); Richard M. Turner, Mountain WO WO 00/51345 8/2000
View, CA (US); Carver A. Mead,
Santa Clara, CA (US) OTHER PUBLICATIONS
] Mead, C. (1989). “Aggregating Signals” Chapter 7 In Ana-
(73)  Assignee: Foveon, Inc., Santa Clara, CA (US) log VLSI and Neural Systems. C. Koch ed., Addison—Wesley
. . Lo . Publishing Company, Inc., pp. 101-124.
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 * cited by examiner
U.S.C. 154(b) by 0 days. . . .
Primary Examiner—David V. Bruce
) Assistant Examiner—Hoon Song
(21)  Appl. No.: 10/001,438 (74) Attorney, Agent, or Firm—Sierra Patent Group, Ltd.
(22) Filed: Oct. 24, 2001 (57) ABSTRACT
(65) Prior Publication Data An image sensor includes a plurality of active pixel sensors
g p y p
US 2003/0164441 Al Sep. 4, 2003 arranged in an array. Each active pixel sensor includes a
(51) Int. CL7 oo HO4N 3/14 photosensqr that.genera.tes & seisor signal nominally indica-
: ) tive of an intensity of light incident on the photosensor and
(>2) U.'S‘ Cl ... e 250/208.1; 348/308; 250/214 A a follower-type amplifier that couples the sensor signal to an
(58) Field of Search ...........c........... 250/208.1, 214 A, output of the active pixel sensor to provide a buffered sensor
250/214 LA, 214 LS, 214.1, 214 DC; 348/317, signal. A column line is provided for each column in the
318, 319, 302, 303, 304, 308; 257/443 array, and each column line is coupled to the output of the
. active pixel sensors associated with that column. Row select
(56) References Cited signal generating circuitry is configured to substantially
U.S. PATENT DOCUMENTS simultaneously select a set of plural particular rows of the
] array such that each of the active pixel sensors in the
5,262,871 A 11/1993 Wilder et al. selected set of plural particular rows substantially simulta-
5,304,790 A 4/1994 Arnold neously provides the buffered sensor signal for that pixel
5,402,169 A 3/1995 Takase et al. . . .
sensor to the column line for the column to which that pixel
5452004 A 9/1995 Roberts :
5500674 A 3/1996 Takase ct al. sensor belongs such that an output node of the column line
5733382 A 3/1998 Hanoka indicates a collective output signal for the active pixel
5,773,832 A 6/1998 Sayed et al. sensors in the selected set of plural particular rows, belong-
5,848,123 A 12/1998 Strommer ing to that column. Column select signal generating circuitry
5,909,026 A 6/1999 Zhou et al. configured to substantially simultaneously select a set of
5949483 A ¥ 971999 Fossum et al. ..coovc.e. 348/303 plural particular columns of the array such that the output
5965875 A 10/1999 Merrill nodes for the selected plural particular columns are substan-
5970115 A~ 1071999 Colbeth et al. tially simultaneously coupled to an output node of the image
5973311 A 10/1999 Sauer et al. sensor
6,057,539 A 5/2000 Zhou et al. ’
6,084,229 A 7/2000 Pace et al.
6,255,638 Bl 7/2001 Eriluoto et al. 35 Claims, 12 Drawing Sheets
Row
Select
Pulse
8 Pixsl Sensor Array 70
i 10,30
-
Row =
s | ol
76 4 |
°
nR
nef " T

Row
Address
Generator

Column
Address
Generator

74

Column Decoder 84

Column Mux

82
; Column

ggreg
Control



US006798586B1

United States Patent

(12) (10) Patent No.: US 6,798,586 B1
Lyon et al. 5) Date of Patent: Sep. 28, 2004
(549) CORRECTOR OPTIC COMPENSATING 5,721,994 A * 2/1998 Ogata et al. ..c.c.cen..... 396/317
SPHERICAL AND COMA ABERRATIONS 5,726,809 A * 3/1998 Giffith ...........
GENERATED BY A PRISM 6,043,938 A 3/2000 Ogasawara
6,058,269 A * 5/2000 Tsutsumi ........
R ) 6,078429 A 6/2000 LYON .ooeevveerererrrnnnn
(75)  Inventors: ﬁ‘;lrll‘;‘rg fv[%[’;‘(’)‘l‘la {aosl\/ﬁto.i’ CACSJS)’ 6,137,638 A 102000 Yamagishi et al. .
US). Timo thy F Slélglel p&zz’lo Puck 6,157,781 A * 122000 Konno et al. ......oevveeen.. 396/71
CA (US) FOREIGN PATENT DOCUMENTS
(73) Assignee: Foveon, Inc., Santa Clara, CA (US) JP 361027516 A * 2/1986  ............ GO02B/7/11
* cited by examiner
(*) Notice:  Subject to any disclaimer, the term of this Y
patent is extended or adjusted under 35  Primary Examiner—Georgia Epps
U.S.C. 154(b) by 17 days. Assistant Examiner—Alicia M. Harrington
(74) Attorney, Agent, or Firm—Sierra Patent Group, Ltd.
(21) Appl. No.: 10/001,354 (57) ABSTRACT
(22) Filed: Oct. 30, 2001 A corrector optic is provided, for use in a camera system that
(51) Int. CL7 oo, GO2B 2/04; HO4N 9/07;  includes a thick prism in front of the focal plane. The
GO03B 17/00 corrector optic includes preferably two lenses to be aligned
(52) US.CL oo 359/793; 359/795; 348/337, ~ on the optical axis of the camera system. When coupled
396/71 within the camera system, the corrector optic is disposed
(58) Field of Search 359/366, 637 between the objective lens and the prism. A preferred
359/618672692793 795: 34é/335’ corrector optic includes a positive lens having a convex
T T T 339, 306 /71’ surface facing the objective lens and a negative lens having
’ a concave surface facing the prism, such that the lenses
(56) References Cited together reduce spherical and coma aberrations caused by

U.S. PATENT DOCUMENTS

4,000,942 A *
4444472 A

5,140,462 A *
5,602,682 A *

3/1977 Hirose
4/1984 Tanaka .... 350/423
8/1992 Kitagishi .. .... 359/554
2/1997 Tto et al. ..ocoeeevenvnnrnnnns 359/672

359/629

>3

imaging through the prism. Chromatic aberration is also
reduced by choosing the negative lens material to have a
higher index of refraction and higher dispersion than those
of the positive lens material.

21 Claims, 7 Drawing Sheets

AN

A
\

S7




a2 United States Patent

US006833871B1

10y Patent No.: US 6,833,871 B1

Merrill et al. 5) Date of Patent: Dec. 21, 2004
(54) EXPOSURE CONTROL IN ELECTRONIC JP 59-152424 8/1984  ............ GO03B/7/20
CAMERAS BY DETECTING OVERFLOW IP 60-23841 2/1985 . GO3B/7/14
FROM ACTIVE PIXELS JP 60-53912 3/1985 .... GO2B/7/11

P 62-143571 6/1987 . GO2B/7/11

(75) TInventors: Richard B. Merrill, Woodside, CA ig 5 Wwo %171832;2 gﬁggg GO2B/7/11
(US); Carver A. Mead, Santa Clara, WO WO 99/26408 51999 oo, HO4N/3/15

CA (US); Richard F. Lyon, Los Altos,
CA (US)

(73) Assignee: Foveon, Inc., Santa Clara, CA (US)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 654 days.

(21) Appl. No.: 09/872,070
(22) Filed: Jul. 16, 2001
Related U.S. Application Data

(62) Division of application No. 09/031,333, filed on Feb. 26,
1998, now Pat. No. 6,452,633.

(51) Int. CL7 e, HO04N 3/14; HO4N 5/335
(52) US.CL ..o 348/302; 257/223; 348/299
(58) Field of Search ...........c.cccocooveeiiene. 348/302, 294,

348/308, 296, 297, 288, 299, 241, 243;
257/223; 250/208.1

(56) References Cited
U.S. PATENT DOCUMENTS
3,866,067 A 2/1975 Amelio ........oovuviiinnis 307/311
3,934,161 A 1/1976 Caywood ........cooueee. 307/311

(List continued on next page.)

FOREIGN PATENT DOCUMENTS

EP 0466929 1/1992
EP 0 466 929 1/1992 ... HO4N/5/238
EP 0777379 6/1997 ..l HO4N/3/15
JpP 54-108628 8/1979
JpP 58-83824 5/1983 ... GO3B/7/20
JpP 59-42527 3/1984 ... GO3B/7/20

172a

ELECTRON
VOLTAGEI lENERGV

172b

OTHER PUBLICATIONS

Tatsuo Nomoto et al. “FA 11.4: A 4M-Pixel Image Sensor
with Block and Step Access Capability” IEEE pp. 186—187
1997.

Hon—Sum Philip Wong et al. “CMOS Active Pixel Image
Sensors Fabricated Using a 1.8-V, 0.25um CMOS Technol-
ogy” pp. 889-894 IEEE Transactions on Electron Devices
vol. 45, No. 4, Apr. 1998.

(List continued on next page.)

Primary Examiner—Ngoc-Yen Vu
Assistant Examiner—Gary L Solomon
(74) Attorney, Agent, or Firm—Sierra Patent Group, Ltd.

(7) ABSTRACT

A method for controlling the exposure of an active pixel
array electronic still camera includes the steps of: integrating
photocurrent in each pixel during an integration time period;
collecting overflow charge from all pixels in the array during
the integration time period; developing an overflow signal as
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3 Claims, 10 Drawing Sheets

fogs, FESETTING
i

172

178 y7ag

1728 1740

180¢

INTEGRATING

1809
182d
OVERFLOWINC

1800
182¢

TRIGGER
DETECT



a2 United States Patent
Merrill et al.

US006841816B2

(10) Patent No.:
5) Date of Patent:

US 6,841,816 B2
Jan. 11, 2005

(54) VERTICAL COLOR FILTER SENSOR
GROUP WITH NON-SENSOR FILTER AND
METHOD FOR FABRICATING SUCH A
SENSOR GROUP

(75) Inventors: Richard B. Merrill, Woodside, CA
(US); Richard F. Lyon, Los Altos, CA
(US); Richard M. Turner, Mountain
View, CA (US); Robert S.
Hannebauer, Sunnyvale, CA (US);
Russel A. Martin, Menlo Park, CA
(US)

(73) Assignee: Foveon, Inc., Santa Clara, CA (US)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
(21) Appl. No.: 10/355,940
(22) Filed: Jan. 31, 2003
(65) Prior Publication Data
US 2004/0178465 Al Sep. 16, 2004

Related U.S. Application Data

(63) Continuation-in-part of application No. 10/103,304, filed on

Mar. 20, 2002.
(51) Int. CL7 oo HO1L 31/113
(52) US.CL ... 257/294; 257/432; 257/440;
257/443
(58) Field of Search ...........c.cccocooveeiiene. 257/294, 432,
257/440, 443, 461
(56) References Cited
U.S. PATENT DOCUMENTS
3,617,753 A 11/1971 Kato et al. ............... 250/211 71
4238760 A 12/1980
4,581,625 A 4/1986
4677280 A 6/1987
5,883,421 A 3/1999 Ben Chouikha et al. .... 257/461
5,889,315 A 3/1999 Farrenkopf et al. ......... 257/552

s~ ]

5,899,714 A 5/1999 Farrenkopf et al. ......... 438/202
5,965,875 A 10/1999 Merrill .....oovveeeeeeeeenn. 250/226
6,111,300 A 8/2000 Cao et al. ..ccceeuueeneeneee 257/440
6,455,833 Bl 9/2002 Berezin ..... ... 250/208.1
6,593,558 Bl 7/2003 Edgar ........ ... 250/208.1
2002/0101895 Al * 8/2002 AUUSLO ...eoovvrinvrrrinnns 372/44
FOREIGN PATENT DOCUMENTS

IP 61-187282 8/1986 HO1L/31/10
IP 01134966 5/1989 HO1L/27/14

OTHER PUBLICATIONS

U.S. patent application Publication No. U.S. 2002/0130957
Al, Published Sep. 19, 2002 (filed Jan. 24, 2001) by Andrew
C. Gallagher, et al.

U.S. patent application Publication No. U.S. 2002/0058353
Al, Published May 16, 2002, “Vertical Color Filter Detec-
tor Group and Array”, by Richard B. Merrill.

(List continued on next page.)

Primary Examiner—Minh-Loan Tran
(74) Antorney, Agent, or Firm—Girard & Equitz LLP

(7) ABSTRACT

A vertical color filter sensor group formed on a substrate
(preferably a semiconductor substrate) and including at least
two vertically stacked, photosensitive sensors. In preferred
embodiments, the sensor group includes at least one filter
positioned relative to the sensors such that radiation that has
propagated through or reflected from the filter will propagate
into at least one sensor. Preferably, the filter is or includes a
layer that has been integrated with the sensors by a semi-
conductor integrated circuit fabrication process. In other
embodiments, the sensor group includes a micro-lens. Other
aspects of the invention are arrays of vertical color filter
sensor groups, some or all of which include at least one filter
or micro-lens, and methods for fabricating vertical color
filter sensor groups and arrays thereof.
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An electronic view camera integrates a camera head assem-
bly and laptop computer into a tripod mountable unified
structure. The rigid frame, that unifies the camera head and
computer, accommodates a choice of laptop type computers
from a variety of different manufacturers. The open front,
back and side design of the rigid frame permits ready access
for electrical connections and for access to removable stor-
age devices, keyboard, and pointing device. The computer
LCD acts as a large screen viewfinder for the camera and has
the “feel” of a professional type view camera rather than the
“feel” of a computer system with a photographic peripheral.
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(7) ABSTRACT

A method for storing a full Red, Green, Blue (RGB) data set.
A full RGB data set is three-color image data captured with
an imager array formed on a semiconductor substrate and
comprising a plurality of vertical-color-filter detector
groups. Each of the vertical color detector groups comprises
three detector layers each configured to collect photo-
generated carriers of a first polarity, separated by intervening
reference layers configured to collect and conduct away
photo-generated carriers of opposite polarity, the three
detector layers being disposed substantially in vertical align-
ment with respect to one another and having different
spectral sensitivities. The three-color image data is then
stored as digital data in a digital storage device without
performing interpolation on the three-color image data.
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A vertical color filter sensor group formed on a substrate
(preferably a semiconductor substrate) and including at least
two vertically stacked, photosensitive sensors, and an array
of such sensor groups. In some embodiments, a carrier-
collection element of at least one sensor of the group has
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formance variations. The audio fingerprint includes a
sequence of intervalgrams that represent a melody in an audio
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(57) ABSTRACT

Systems and methods facilitating removal of content from
audio files are described. A method includes identifying a
sound recording in a first audio file, identifying a reference
file having at least a defined level of similarity to the sound
recording, and processing the first audio file to remove the
sound recording and generate a second audio file. In some
embodiments, winner-take-all coding and Hough transforms
are employed for determining alignment and rate adjustment
of the reference file in the first audio file. After alignment,
the reference file is filtered in the frequency domain to
increase similarity between the reference file and the sound
recording. The frequency domain representation (FR) of the
filtered version is subtracted from the FR first audio and the
result converted to a time representation of the second audio
file. In some embodiments, spectral subtraction is also
performed to generate a further improved second audio file.
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