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[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 magnitude coefficient word. In particular, the 
present invention includes circuitry for inserting logic 
I 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. 
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[57] ABSTRACF 

A data and clock recov~ry system is provided in the 
signal handling receiver (SHRx) stage of an integrated 
MOS circuit data communication controller to provide 
accurate sampling of an incoming data packet for re­
covery of the data and data clock, regardless of differ­
ences in the electrical and environmentally affected 
characteristics of the circuit elements comprising the 
integrated MOS/VLSI semiconductor chip. The sys­
tem comprises a delay means including a plurality of 
delay stages to generate a transition pulse for every 
transition in the data packet, a similar delay means to 
apply a predetermined amount of unit delay to all of the 
transition pulses, both data transition pulses and be­
tween bit transition pulses, means to develop a mask 
from the delayed transition pulses representative of the 
time occurrence of any between bit transitions, means 
to apply the mask to the incoming data packet whereby 
the extraneous between bit transition pulses are re­
moved therefrom, and means coupled to the delay 
means to calibrate the delay means by ensuring that 
each of its delay stages continuously impose a predeter­
mined unit delay per stage. 
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[57) ABSTRACT 

A cursor control device or "optical mouse" for use with 
an interactive display oriented computer system to pro­
vide movement for a visible cursor from position to 
position on a display screen of such a system. The de­
vice includes an IC chip that contains an optical sensor 
array and circuitry to bring about detectable bitmaps 
based upon a plurality of sensor cells making up the 
array. The distinguishable bitmaps are employed as a 
means for comparison to provide an output indicative of 
the direction and amount of movement of the cursor 
control device relative to an optical contrasting input to 
the array, the output is employed as a means to move 
the visible cursor from position to position on a display 
screen. 
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[57] 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. 
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[57] ABSTRACf 

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. 
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[57] ABSTRACf 

A processing element may be used either separately or 
in an array of similar processing elements for perform­
ing concurrent data processing calculations. The pro­
cessing element includes a multiported memory unit for 
storing data to be processed by any of a plurality of 
function units which are connected to the multiported 
memory unit. The multiported memory unit includes a 
number of data storage slots for storing data words to 
be processed and the results of said processing. Each 
function unit performs a calculation having as its inputs 
one or or more data words from the multiported mem­
ory unit. The result of this calculation is stored back in 
the multiported memory unit. The transfer of data to 
and from the function units is accomplished by use of 
the ports on said multiported memory unit. The data 
manipulated by the processing element is controlled by 
specifying a correspondence between data storage slots, 
memory input ports and memory output ports. 
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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 

An improved computer memory system based on a 
novel four transistor memory cell and an improved 
address decoder circuit is disclosed. The memory cell 
can be fabricated using currently available logic fabrica­
tion processes and requires a silicon area less than that 
required by prior art static memory cells. The improved 
decoder can be fabricated in significantly less silicon 
area than existing NOR gate decoder arrays and is faster 
than existing NOR gate decoder arrays. 
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[57] ABSTRACT 

A first and a second MOS transistor of the same con­
ductivity type are connected in series between a load 
and a fixed voltage source. The gates of the first and 
second MOS transistors are connected to sources of 
input voltage which are of a magnitude smaller than the 
threshold voltages of the two MOS transistors. The first 
MOS transistor located next to the load is kept in satura­
tion. A related circuit includes a first and a second MOS 
transistor of the same conductivity type are connected 
in series between a load and a fixed voltage source. The 
first MOS transistor located next to the load is kept in 
saturation. The gates of the first and second MOS tran­
sistors are connected to the gates of third and fourth 
diode-connected MOS transistors of the same conduc­
tivity type as the first and second MOS transistors. The 
third MOS transistor is connected between a first input 
current node and a fixed voltage source. The fourth 
MOS transistor is connected between a second input 
current node and a fixed voltage source. The third and 
fourth MOS transistors may alternatively be connected 
to first and second input transistors and a bias transistor 
arranged as in a differential amplifier. At least one di­
ode-connected transistor is included in series with at 
least one of the transistors which has a gate connected 
to an input voltage. 
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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+f2-wd2f2 
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. 

31 Claims, 22 Drawing Sheets 

62 61 

- ./_ - - - - - - - - - - - - - - - - - ./- - - - - - - - - - , 
I Voo I Voo I 
I I 
I 

1 70~1REF 
/r I 

71 

'='yss 

v.. I 

~---------------~---------=~----: 
TO OTHER N-LOGIC GATES 



United States Patent 
Slaney et al. 

[19] 

[54] SOUND ANALYSIS AND RESYNTHESIS 
USING CORRELOGRAMS 

[75] Inventors: Malcolm Slaney, Los Altos Hills; 
Richard F. Lyon, Los Altos; Daniel 
Naar, Hayward, all of Calif. 

[73] Assignee: Apple Computer, Inc., Cupertino, 
Calif. 

[21] Appl. No.: 20,785 

[22] Filed: Feb. 22, 1993 

[51] Int. Cl.6 
........................................................ GlOL 5/10 

[52] U.S. Cl ........................ 395/2.75; 395/2.67; 395/2.26; 
395/2.72 

[58] Field of Search .................................. 395/2.25, 2.29, 

[56] 

395/2.46, 2.26, 2.67, 2.72, 2, 2.27, 2.78, 
2.75 

References Cited 

PUBLICATIONS 

Classification of Whale and Ice Sounds with a cochlear 
Model Parks et al. IEEFJMar. 1992. 
A Comparison of DFT, PLP and Cochleagrarn for Alphabet 
Recognition Fanty et al. IEEE/Nov. 1991. 
Speaker-Independent Vowel Recognition: Spectograrns ver­
sus Cochleagrarns Muthesarny et al. IEEE/Apr. 1990. 
A Temporal Representation of Sound Slanley et al. John 
Wiley 1992. 
Auditory Representations of Acoustic Signals Yang et al. 
IEEFJMar. 1992. 
Mellinger, David K., "Feature-Map Methods for Extracting 
Sound Frequency Modulation", IEEE Computer Society 
Press, 1991, pp. 795-799. 
Hukin, R. W., "Testing an Auditory Model by Resynthesis", 
European Coriference on Speech Communication and Tech­
nology, Sep. 26-29, 1989, pp. 243-246. 
Yang, X., et al, "Auditory Representations of Acoustic 
Signals", IEEE Transactions of Information Theory, vol. 38, 
No. 2, Mar. 1992, pp. 824-839. 
Lyon, R., "CCD Correlators for Auditory Models", Proceed­
ings of the Twenty-Fifth Asilomar Conference on Signals, 
Systems and Computers, Nov. 4-6, 1991, pp. 785-789. 

111111111111111111111111111111111111111111111111111111111111111111111111111 
US005473759A 

[11] Patent Number: 

[ 45] Date of Patent: 

5,473,759 
Dec. 5, 1995 

Griffin, D., et al, "Signal Estimation From Modified 
Short-Time Fourier Transform'', IEEE Transactions on 
Acoustics, Speech and Signal Processing, vol. ASSP-32, 
No. 2, Apr. 1984, pp. 236-243. 
Summerfield, C., et al, "ASIC Implementation of the Lyon 
Cochlea Model", Proceedings of the 1992 International 
Coriference on Acoustics, Speech and Signal Processing, 
IEEE, vol. V, 1992, pp. 673-676. 
Roucos, S., et al, "High Quality Time-Scale Modification 
for Speech", Proceedings of the 1985 IEEE Conference on 
Acoustics, Speech and Signal Processing, 1985, pp. 
493-496. 
R. Lyon, "A Computational Model of Binaural Localization 
and Separation", Proceedings of IEEE International Con­
ference on Acoustics, Speech and Signal Processing, Apr. 
1983, pp. 1148-1151. 
Rabiner, L., et al., Digital Processing of Speech Signals, 
Prentice Hall, pp. 274-277. 
Slaney M., et al, "On the Importance of Time-A Temporal 
Representation of Sound", Visual Representation of Speech 
Signals, edited by Martin Cooke, Steve Beet and Malcolm 
Crawford, 1993, John Wiley & Sons Ltd. 

Primary Examiner-Allen R. MacDonald 
Assistant Examiner-Richemond Dorvic 
Attorney, Agent, or Finn-Bums, Doane, Swecker & Mathis 

[57] ABSTRACT 

A system for reconstructing a signal waveform from a 
correlograrn is based upon the recognition that the informa­
tion in each channel of the correlograrn 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 filter capable of having its damping and frequency param­
eters independently varied. The filter can be represented 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 addi­
tion, 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 config­
ured with adders and subtractors to compute a next output 
value as a combination of a current input, a weight-2+2df+ 
f2-wd¥ times the most recent saved value and a weight 
1-2df+wd¥ times the previous saved value. Moreover, 
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 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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indicated. The negative patterns are selected for training 
with less frequency than the positive patterns, and their 
effect on training is also modified, so that training is focused 
more heavily on improper patterns. 
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incorrect classes are not forced to a low value as much as 
probabilities for correct classes are raised. 
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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 calorimetrically 
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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(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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(57) 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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(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. 

22 Claims, 11 Drawing Sheets 

dJg.ttalstrGatnout 



(12) United States Patent 
Merrill et al. 

(54) ACTIVE PIXEL SENSOR WITH BOOTSTRAP 
AMPLIFICATION AND REDUCED LEAKAGE 
DURING READOUT 

(75) Inventors: Richard B. Merrill, Woodside; 
Richard M. Thrner, Menlo Park; 
Milton B. Dong, Saratoga; Richard F. 
Lyon, Los Altos, all of 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.: 09/492,103 

(22) Filed: Feb. 14,2000 

(63) 

(51) 
(52) 
(58) 

(56) 

Related U.S. Application Data 

Continuation-in-part of application No. 09/099,116, filed on 
Jun. 17, 1998, now Pat. No. 6,097,022. 

Int. Cl? .................................................. H04N 3/14 
U.S. Cl. ..................................... 250/208.1; 348/308 
Field of Search ........................... 250/208.1, 214.1; 

257/291, 292, 443, 444; 348/300, 301, 
302, 308, 311 

References Cited 

U.S. PATENT DOCUMENTS 

3,866,067 A 
3,934,161 A 
3,971,065 A 
3,988,619 A 
4,011,016 A 
4,236,760 A 
4,238,760 A 
4,309,604 A 
4,363,963 A 
4,395,736 A 
4,473,836 A 
4,499,529 A 
4,499,590 A 

2/1975 Amelio ....................... 307/311 
1!1976 Caywood .................... 307/311 
7/1976 Bayer .......................... 358/41 

10/1976 Malaviya et a!. ........... 307/311 
3/1977 Layne et a!. ................ 356/195 

12/1980 Haar et a!. .................. 303/6 C 
12/1980 Carr .. ... ... .. ... ... ... ... ... .. . 357/30 
1!1982 Yoshikawa et a!. ......... 250/226 

12/1982 An do ......................... 250/211 
7/1983 Fraleux ...................... 358/213 
9/1984 Chamberlain ................ 357/30 
2/1985 Figueroa ..................... 362/283 
2/1985 Bluzer .. ... ... .. ... ... ... ... .. . 377/60 

(List continued on next page.) 

111111 1111111111111111111111111111111111111111111111111111111111111 

DE 
DE 
DE 

US006410899Bl 

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

US 6,410,899 Bl 
Jun.25,2002 

FOREIGN PATENT DOCUMENTS 

43 04 506 A1 
wo 98/19455 

19836356 A1 

8/1994 
5/1998 
8/1998 

.......... H04N/5/225 

............ H04N/3/15 

......... H01L/27/146 

(List continued on next page.) 

OTHER PUBLICATIONS 

Abbas El Gamal, et al. "Modeling and Estimation of FPN 
Components in CMOS Image Sensors", Information Sys­
tems Laboratory, Stanford University, and Fudan University, 
Shanghai, China, pp. 1-lO,(sometime after 1!98). 

(List continued on next page.) 

Primary Examiner---Stephone B Allen 
(74) Attorney, Agent, or Firm-Sierra Patent Group, Ltd. 

(57) ABSTRACT 

An integrated active pixel sensor array comprises a plurality 
of row select lines, each of said row select lines coupled to 
a source of a row-select signal; a plurality of source-follower 
drain row lines, each of said source-follower drain row lines 
coupled to a source of a source-follower drain row signal; a 
plurality of column output lines; a reset line coupled to a 
source of a reset signal; a source of reset potential; and a 
plurality of active pixel sensors, each pixel sensor associated 
with one row and one column of the array and including a 
photodiode having a first terminal coupled to a first refer­
ence potential and a second terminal, a Reset transistor 
having a gate coupled to the reset line, a drain coupled to the 
reset potential to reverse bias the photodiode, and a source 
coupled to the second terminal of the photodiode, a Source­
Follower transistor having a gate coupled to the second 
terminal of the photodiode, a drain connected to the one of 
the plurality of source-follower drain row lines with which 
its active pixel sensor is associated, and a source, a Row­
select transistor having a gate coupled to the one of the 
plurality of row-select lines with which its active pixel 
sensor is associated, a drain coupled to the source of the 
Source-follower transistor, and a source coupled to the one 
of the plurality of column output lines with which its active 
pixel sensor is associated. 
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(57) 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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(57) 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 method for storing digital information from an image 
sensor comprises the steps of providing an image sensor 
producing three-color output data at each of a plurality of 
pixel locations; providing a digital storage device coupled to 
the image sensor; sensing three-color digital output data 
from the image sensor; and storing said three-color output 
data as digital data in the digital storage device without 
performing any interpolation on the three-color output data. 
The data may be compressed prior to storage and expanded 
after retrieval from storage. In a preferred embodiment, the 
image sensor comprises a triple-junction active pixel sensor 
array. 
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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. 
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(57) ABSTRACT 

An integrated active pixel sensor array arranged in a plu­
rality of rows and columns comprises a saturation level line 
coupled to a source of saturation level control voltage, a 
global current-summing node. A plurality of active pixel 
sensors is disposed in the array, each pixel sensor associated 
with one row and one column of the array and including a 
photodiode having a first terminal coupled to a first potential 
and a second terminal, a reset transistor having a first 
terminal coupled to the second terminal of the photodiode, 
a second terminal coupled to a reset reference potential that 
reverse biases the photodiode, and a control gate coupled to 
the reset line, a photocharge integration node coupled to the 
second terminal of the photodiode, the photocharge integra­
tion node comprising the gate of a first source-follower 
transistor, the first source-follower transistor having a drain, 
coupled to a first source-follower drain line, and a source, a 
circuit for generating a bias current at the source of the first 
source follower transistor, and an exposure transistor having 
a source coupled to the source of the first source-follower 
transistor, a drain coupled to the global current-summing 
node and a control gate coupled to the saturation level line. 
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(57) ABSTRACT 

An image sensor includes a plurality of active pixel sensors 
arranged in an array. Each active pixel sensor includes a 
photosensor that generates a sensor signal nominally indica­
tive of an intensity of light incident on the photosensor and 
a follower-type amplifier that couples the sensor signal to an 
output of the active pixel sensor to provide a buffered sensor 
signal. A column line is provided for each column in the 
array, and each column line is coupled to the output of the 
active pixel sensors associated with that column. Row select 
signal generating circuitry is configured to substantially 
simultaneously select a set of plural particular rows of the 
array such that each of the active pixel sensors in the 
selected set of plural particular rows substantially simulta­
neously provides the buffered sensor signal for that pixel 
sensor to the column line for the column to which that pixel 
sensor belongs such that an output node of the column line 
indicates a collective output signal for the active pixel 
sensors in the selected set of plural particular rows, belong­
ing to that column. Column select signal generating circuitry 
configured to substantially simultaneously select a set of 
plural particular columns of the array such that the output 
nodes for the selected plural particular columns are substan­
tially simultaneously coupled to an output node of the image 
sensor. 

35 Claims, 12 Drawing Sheets 

Pixel Sensor Array 70 

Column 
c__--~~AggregQtion 

Control 



(12) United States Patent 
Lyon et al. 

(54) CORRECTOR OPTIC COMPENSATING 
SPHERICAL AND COMA ABERRATIONS 
GENERATED BY A PRISM 

(75) Inventors: Richard F. Lyon, Los Altos, CA (US); 
Mark E. McDonald, Milpitas, CA 
(US); Timothy F. Slagle, 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 17 days. 

(21) Appl. No.: 10/001,354 

(22) Filed: Oct. 30, 2001 

(51) Int. Cl? ............................ G02B 2/04; H04N 9/07; 
G03B 17/00 

(52) U.S. Cl. ....................... 359/793; 359!795; 348/337; 
396/71 

(58) Field of Search ................................. 359/366, 637, 

(56) 

359/618, 672, 692, 793, 795; 348/335, 
337; 396/71 

References Cited 

U.S. PATENT DOCUMENTS 

4,009,942 A * 
4,444,472 A 
5,140,462 A * 
5,602,682 A * 

3/1977 Hirose ........................ 359/629 
4/1984 Tanaka ....................... 350/423 
8/1992 Kitagishi .................... 359!554 
2/1997 Ito et a!. ..................... 359/672 

111111 1111111111111111111111111111111111111111111111111111111111111 

JP 

US006798586Bl 

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

US 6, 798,586 Bl 
Sep.28,2004 

2/1998 
3/1998 
3/2000 
5!2000 
6/2000 

5,721,994 A * 
5,726,809 A * 
6,043,938 A 
6,058,269 A * 
6,078,429 A 
6,137,638 A 
6,157,781 A 

10/2000 
* 12/2000 

Ogata et a!. ................ 396/317 
Griffith ....................... 359/675 
Ogasawara ................. 359!652 
Tsutsumi . . . . . . . . . . . . . . . . . . . . . 396/71 
Lyon .......................... 359/634 
Yamagishi et a!. ......... 359/682 
Konno et a!. . . . . . . . . . . . . . . . . . 396/71 

FOREIGN PATENT DOCUMENTS 

361027516 A * 2/1986 G02B/7/ll 

* cited by examiner 

Primary Examiner-Georgia Epps 
Assistant Examiner-Alicia M. Harrington 
(74) Attorney, Agent, or Firm-Sierra Patent Group, Ltd. 

(57) ABSTRACT 

A corrector optic is provided, for use in a camera system that 
includes a thick prism in front of the focal plane. The 
corrector optic includes preferably two lenses to be aligned 
on the optical axis of the camera system. When coupled 
within the camera system, the corrector optic is disposed 
between the objective lens and the prism. A preferred 
corrector optic includes a positive lens having a convex 
surface facing the objective lens and a negative lens having 
a concave surface facing the prism, such that the lenses 
together reduce spherical and coma aberrations caused by 
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. 
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(57) 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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(57) 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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Systems and methods are provided herein relating to audio 
matching. Interest points that are onsets are generally very 
efficient in audio matching in that they are robust to multiple 
types of distortion. Prominent onsets can be detected within 
an audio signal excerpt as interest points and combined as a 
function of a set of interest points to form a descriptor. 
Descriptors associated with an audio signal excerpt that 
contain a set of prominent onsets as interest points can be 
used in matching the audio signal excerpt to an audio 
reference. The benefits in generating and using prominent 
onsets within descriptors improve the accuracy of an audio 
matching system. 
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