wo 2013/116579 A1 [N N0F 00000 A O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/116579 A1l

8 August 2013 (08.08.2013) WIPOIPCT
(51) International Patent Classification: IYER, Venkatraman; 941 Inverness Way, Sunnyvale,
GO6T 1/00 (2006.01) GO6T 7/00 (2006.01) California 94087 (US).
(21) International Application Number: (74) Agent: MCANDREWS, Kevin; KLA-TENCOR CORP.,
PCT/US2013/024240 Legal Department, One Technology Drive, Milpitas, Cali-
. - fornia 95035 (US).
(22) International Filing Date:
1 February 2013 (01.02.2013) (81) Designated States (unless otherwise indicated, for every
. ] . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
L. DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
13/364,308 1 February 2012 (01.02.2012) UsS KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(71) Applicant: KLA-TENCOR CORPORATION [US/US]; ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
Legal Department, One Technology Drive, Milpitas, Cali- NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
fornia 95035 (US). RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(72) Inventors: BROWN, David L.; 120 Wooded View Drive, ZM, ZW.
Los Gatos, California 95032 (US). KERMAT, Mansour; . L
1083 Scaletta Lane, San Jose, California 95120 (US). (84) Designated States (uniess otherwise indicated, for every

GLASSER, Lance; 19753 Via Escuela, Saratoga, Califor-
nia 95070 (US). NIELSEN, Henrik; 4383 Latimer Aven-
ue, San Jose, California 95130 (US). ZHENG, Guowu,
20714 Garden Manor Court, Cupertino, California 95014
(US). LEHMAN, Kurt; 375 Elm Street, Menlo Park, Cali-
fornia 95025 (US). HATCH, Kenneth; 10727 Foothill
Rd., Sunol, California 94586 (US). CHUANG, Alex;
10678 Farallone Drive, Cupertino, California 95014 (US).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: INTEGRATED MULTI-CHANNEL ANALOG FRONT END AND DIGITIZER FOR HIGH SPEED IMAGING AP-

PLICATIONS
1 I e e
HOL e FiGe

(57) Abstract: A module for high speed image processing in-
cludes an image sensor for generating a plurality of analog
outputs representing an image and a plurality of high density
digitizers (HDDs) for concurrently processing the plurality of
analog outputs. Each HDD is an integrated circuit configured
to process in parallel a predetermined set of the analog out-
puts. Each channel of the HDD can include an analog front
end (AFE) for conditioning a signal representing one sensor
analog output, an analog-to-digital converter (ADC) for con-
verting a conditioned signal into a digital signal, and a data
formatting block for calibrations and formatting the digital
signal for transport to an off-chip device. The HDDs and
drive electronics are combined with the image sensor into one
package to optimize signal integrity and high dynamic range,
and to achieve high data rates through use of synchronized
HDD channels. Combining multiple modules results in a
highly scalable imaging subsystem optimized for inspection
and metrology applications.



WO 2013/116579 A1 AT 00N VAT VT AR

Published:
—  with international search report (Art. 21(3))



WO 2013/116579 PCT/US2013/024240

INTEGRATED MULTI-CHANNEL ANALOG FRONT END AND DIGITIZER FOR
HIGH SPEED IMAGING APPLICATIONS
David L. Brown
Mansour Kermat
Lance Glasser
Henrik Nielsen
Guowu Zheng
Rurt Lehman
Kenneth ¥. Hatch
Alex Chuang

Venkatraman Iyer

BACKGROUND OF THE INVENTION

Field of the Invention

Q0011 The present invention relates to high speed imaging
using time delay integration (TDI) sensors and in particular to
an analog front end {(AFE) and an analog to digital converter
(ADC) that can be used in conjunction with the TDI sensors to

form a high density digitizer (HDD).

Related Art
[oooz] Time delay integration (TDI) is an image scanning
process that produces a continucus image of a moving two-
dimensional object. In a TDI system, image photons are
converted to photocharges in a two~dimentional array of pixels.
As the object is moved, the photocharges are shifted from pixel
to pixel down the sensor, parallel to the axis of movement. By
synchronizing the photocharge shift rate with the velocity of
the cbiject, the TDI can integrate signal intensity at a fixed
position on the moving object to generate the image. The total
integration time can be regulated by changing the speed of the
image motion and providing more/less pixels in the direction of
the movement. TDI inspection systems can be used for
inspecting wafers and/or reticles.
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[0003] Conventional inspection systems configure TDI mensors
to drive pre-amplifiers and analog-to-digital converter {ADC)
devices through long traces. These long traces can introduce
noise and leoading, both of which can undesirably reduce svstem
parformance. The signal level is also obtained in digital
domain by subtracting two consecutive samples. This
subtraction results in the ADC operating at twice the sampling
rate and also more thermal and guantization noise, which
results in a lower signal-~to~noise ratio (SNR). Moreover, the
high channel count {resulting from reading ocut sets of pixels
in paraliel) and high-density reguirements associated with
high~speed TDI sensors generally inorease board complexity and

aexpanse.

0004} Therefore, a need arises for a compact multi-channel
analog front end and digitizer for high speed imaging

applications.

SUMMARY OF THE INVENTION

{0005} A module for high speed image progessing can include
an image senscr and a plurality of high density digitizers
{HDDs) . The image sensor can generate a plurality of analog
outputs representing an image. In one smbodiment, the image
gansor can include a time delay integration {(ITDI) sensor, which
can sense a range of wavelengths from deep ultraviclet through
visible radiation. The HRDs can concurrently process the
plurality of analog outputs. Each HDD can be implemented as an
integrated circuit. Notably, each HDD can process in parallel
a predetermined set of the analeog outputs representing a
portion of the image. These HDDs can achlieve high average data

rates while maintaining high signal~to-noise ratios.
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{0006} Bach channel of the HDD can include an analog front
end {(AFE} and an analog-to-digital converter {ADRC). The AFE
can condition a signal {(in one embodiment, a differential
signal}) representing one sensor analog output. The ADC can
convert the resulting conditioned signal into a digital signal.
The AFE can include a programmable gain amplifier (PGA) with
switch-out capacitors. In one embodiment, the PGA can include
a plurality of comparators for determining when each of the
switch~out capacitors is to be disconnected from an input of
the PGA.

f0007] Other embodiments of an HDD can include other
performance enhancing features. For example, a data rate
multiplier phase locked loop {PLL}) can be included in the
module and configured to provide s sguare wave to which all
channel outputs are phase locked. The AFE can be configured to
convert a single-ended signal to a differential signal, which
has high immunity to substrate noise and also increases the
swing of the signal and enhance the signal-to-noise ratio (SHER)
of the system. The AFE can also include a correlated double
sampling {CD8} circuit with offset control to optimize dynamic
range. The clocking of the CDS circuit can be reconfigurable,
thereby allowing one reset and multiple readings to provide
averaging and increase of the system SNR. A data formatting
block of the HDD can be configured to provide black-level
correction. The HDD can further include a low voltage
differential signaling {(LVDS} block for receiving outputs of
the data formatting block and providing transport of output
data to the off-chip device. In one embodiment, each channel
can inglude an analog driver coupled to bypass the ADC and

provide the conditioned signal to an off-chip device.

0008} The RBDD can further include a control bhlock for

enabling/disabling a calibration mode and a test mode. In one

[Fs
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embodiment, the control block can include a ranmp generator for
providing a ramp signal to each ADC. In another embodiment,
the control block can include self-test logic configured to
introduce a predetermined ramp function to each channel and
monitor output pins of the HDD for deviations from the
predeternined ramp function, to introduce & DC wvalue to each
channel and monitor output pins of the HDD for noise on each
channel, and/or to introduce a known signal pattern to each
channal and monitor output pins of the HDD to determine when

the known signal pattern starts and ends.

f0009] HDD can also include a sensor block for selectively
accessing and monitoring a digital input veltage, an inner chip
voltage, a peripheral chip voltage, and a temperature seansor
voltage. This sensor block can include a temperature sensor
that can measure precisely the on-chip temperature. Because
multiple HDD dies can be provided in one package, the sensor
block can be used to generate a thermal map of the HDD package,

which can then be used for debugging purpose.

f0010] The HDD can further include a register control block
for providing general and channel configuration bits to the
HDD. Advantageously, the register control block can provide
interlinking of the plurality of HDDs. The configuration bhits
of the registers of the register control block can be

programmed/accessed serially or in parallel.

f0011] A system for high speed image processing is also
daescribed. This system can include a plurality of modules
configured as described above., The plurality of HDDs can be
connected for selectively providing general and channel
configuration bits to the HDDs. The system can include a
package for securing the image sensor and the plurality of

HDDs. These HDD dies can be attached to the package through
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standard “bumps®, i.e. flip~chip technology. In one
enbodiment, the image sensor and the plurality of HDDs can be
coupled using wire bonds, wherein the package includes in-
package capacitors. These in-package capacitors form part of
the overall grounding scheme of the package and can
advantageously maintain high signal integrity and minimize

channel crosstalk in the HDDs.

{0012} The module and svstem described herein can achisve
high signal integrity, overall relisbility, and lower material

and assembly costs.

fO0013] Additional features and associated advantages of the
present invention will be illustrated in the following drawvings

and detailed description.

BRIEY DESCRIPTION OF THE DRAWINGS

f0014] FIG. 1 illustrates a top view of an exemplary TDIX
sensor module that includes localized driving and signal

processing circuitry.

{0615] FIG. 2 illustrates an exemplary modular array of TDI

sensor modules.

{0016} FIG. 3 illustrates an exemplary inspection technique

using THI sensor modules.

0017} FIG. 4 illustrates exaemplary inputs and outputs of
two high-density digitizers, which form part of the processing

cgircuits of a TDI sensor module,

(0018} FIG. b illustrates a functional block diagram of an
BDD.,

L4y



WO 2013/116579 PCT/US2013/024240

[O019]} FIGS. 6A and 6B illustrate the channels and ping of

exemplary HDDs.

{00207 FIG. 7 illustrates an exemplary register control

block, which can provide both general and channel configuration

bhits to the HDD,

{00211 FIGS. 8A and 8B illustrate exemplary configurations
in which a plurality of HDDs can be connected in series or in

parallel, respectively, to transfer the general and channel

configuration bits.

00221 FIG. %A illustrates an exemplary CD8 circuit that can

be configured in a reset mode or a sampling mode.

[0023] FIG. 9B illustrates an exemplary programmable gain
anplifier 920 that can form part of an AFE for the HDD,

002471 PIG. 10 illustrstes an exemplary sensor block.
[0025] FIGg. 11 illustrates an exemplary ADC auto-test
configuration.

fo024a] FIG., 12A illustrates exemplary signal and ground

paths of an image sensor as well as the signal and DC current

paths of a package without in-package capacitors.

{0027} FIG. 12B illustrates exemplary signal and ground
paths of an image senszor as well as the signal and DC current

paths of a package with in-package capacitors.

[0028)3 FIG. 13 compares conventlonal single-signal and

malti-signal CDS modes.
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00293 FIG., 14 illustrates that a CCD sensor can be timed to

produce different waveforms for the same image signal.

DETAILED DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 illustrates a top view of an exemplary TDI
sensor module 100 that includes localized driving and signal
processing circuitry {also called localized circuits herein).
Specifically, TDI sensor module 100 includes a TDI sensor 102,
processing circuits 103 for processing the signals from ITDI
sensor 102, timing and serial drive circuits 104, and pixel

gate driver circuits 105.

[0031] In one embodiment, processing circuits 103 can
provide correlated double sampling {(CDSY and other anslog front
end (AFE) functions (e.g. analog gain control or DC offset),
analog to digital conversion (ADC), and digital post-processing
such as black~level correcition, per pixel gain and coffset
corrections, lineariity corrections, lock-up tables (LUTs), and
data compression. The processing may be fixed or rely on
additional, possibly real-time, input from the inspection
system to perform functions such as sub-pixel interpolation,
analog gain control to prevent digital saturation, image

position shifting, and image spatial distortion correction.

FQ0327 The timing and serial drive circuits 104 can control
clock timing and drive for TDI. Feastures such as reset pulse
generation, multi~phase serial-register clock generation, and
ADRC synchronization may be included. This allows for very
accurate timing which is needed to achieve high SNR at high

clocking speeds.

f0033]1 The pixel gate driver circuits 105 provide slower but

higher-current TDI gate drive signals to synchronize data

=
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capture with the inspection image motion and with other TDI
gsansors. Pixel gate driver circuits 105 may typically provide
three-phase or four-phase drive waveforms of square-wave and/or
sinuscidal waveforms. More generally, pixel gate driver
circuits 105 may use digital-to-analog conversion to provide
arbitrary function generation in order to optimize the charge

transfer, thermal dissipation, and SNR of the sensor,.

[0034] Localized driving circuits mean that each TDI sensor
module has its own individual set of drivers {i.e. drivers 104
and 105} . These individual drivers regquire significantly less
current, and thus can be significantly smaller than
conventional large-area TDI sensor drivers. Notably, locally
distributing high fidelity, high-current waveforms from a
plurality of small drivers {asscociated with the TDY sensor
modules) is much more scalable than distributing waveforms from
ong large driver, even when the total current reguirement is

the same.

f0035] In one embodiment, each of processing circulits 103,
timing and serial drive circuits 104, and pixel gabte drive
circuits 105 can be implemented on integrated circuits {ICs)
positiconed arvound TDI sensor 102 on a PCB {printed circuit
board} 181. Note that the number of ICs used to implement the
driving/processing circuits can vary based on embodiment. In
one embodiment, PCB 101 can be implemented using a multi-layer,

ceramic substrate.

[0036] In one ambodiment, digital data from TDI sensor
module 160 can be transmitted off-beard using a programable,
low voltage differential signaling (LVDS), or similar
electrical signaling and digital multiplexing. The specific
protocol can be selected from an industry standard or

prescribed by those skilled in the art of electronic or optical
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high-speed digital commnications. In one embodiment, drive
programmability can be added to reduce the digital noise to the

LVDS for specific package traces.

f0037] FIG. 2 illustrates an exemplary modular array 200 of
TDI sensor modules 201 (hereinafter called a modular sensor
array). Note that the driving/processing circuits positioned
around the TDI sensor take up a predetermined space. Thus, the
TDI sansors in adjacent rows can be aligned such that at least
100% image coverage is achieved when used in a continuous
scanning configuration. For example, in the embodiment shown
in FIG. 2, each row can be offset with respect to an adjacent
row such that the TDHI sensor ig positioned in the same vertical
space as the driving/processing circuits of an adjacent row.

To ensure noe gaps in image coverage, the width of each TDI
sensor is egqual to or greater than the space between TDI
sensors. In this configuration, as the inspected
wafer/mask/reticle is being moved in a TDI image scan direction
202, modular sensor array 200 can ensure at least 100% image

capture.

F0038] Note that the effective data rate for modular array
200 can be significantly higher than a single, large TDI
sensoxr. This rate is achieved because the modular array can
have an effective total size and number of output channels that
is larger than can be practically manufactured in a single TDI
sensoy. Fuarther note that any number of rows of TDI sensor
modules can be included in a modular array, i.e. TDI sensor
modules facilitate scaling. U.S. Patent Application
12/575,376, entitled “TDI Sensor Modules With Localized Driving
And Signal Processing Circuitry For High Speed Inspection” and
filed on October 7, 2009 by KlaA-Tencor Corporation, describes
DI sensor modules and modular sensor arrays in greater detail,

and is incorporated by reference herein.

9
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[0039] FIG. 3 illustrates an exemplary inspection technique
using TDI sensor modules. Step 301 can position an object
{e.g. a reticle, mask, or integrated circuit) for inspection,
Step 302 can begin inspection of the object, for example using
a microscope. Step 303 can generate TDI sensor outpubs, i.e.

multiple analog outputs,

[0044] Stepr 304 can condition these analog outputs and step
385 can adiust the programmable gsin of these outputs, if
necessary to optimize the conditioning. Step 306 can perform
correlated double sampling {CDS8), which is a known process that
meastures electrical values (i.e. voltages or ourrents) in order
to remove an undesired offset. In CDE, the output of a sensor
is measured twice, the first measurement during a known
condition and the second measurement during an unkpown
condition. The first measurement can then be subtracted from
the second measurement, thereby providing a value that can be

used to correct for offset.

[0041] Step 307 can perform analog-to-digital conversion
{ADC) using the offset-corrected measurements., Step 308 can
process the digitized dats into streams of data. In one
embodiment, programmable logic devices, such as field
programmablie gate arrays (FPGAs), can be configured to generate
these streams of data. Step 308 can format the streams of
calibration dats and transport the resulting signals to a
processing device. Step 310 can process and digitize the data
into images and perform analysis of the images. Exemplary
analysis includes defect inspection and/or feature
identification., 8Step 311 can store the images, while step 312
can display one or more images for user review. Note that TDY

sensor module 100 can implement steps 303-308%, whereas othex

10
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components in an inspection system can implement steps 301~302

and 310-312.

[0042] High-speed imaging is highly desirable in inspection
systens. However, ensuring such high-speed imaging can be
particularly challenging when generating images from TDI
sensors. As desceribed in further detail below, one aspect of
an improved inspection system using TDI sensors {or other image
sansors generating multiple, parallel analog outputs, called
TDY sensors for simplicity herein) includes the efficient
conversion of parallel analog signals into digital data and the
efficient transportation of this digital data into the signal

processing path.

[0043] FIic. 4 illustrates a portion of a TDI sensor module,
specifically two high-density digitizers (HDDs) 402A and 4028,
which can form part of progcessing circuits 103, and a TDI
senseor 401, In one embodiment, HDDs 4023 and 402B {(for
implementing steps 304~307) can receive the analog outputs
generated by TDY sensor 401 {(for implementing step 303) as well
as control and timing inputs 404. HDDs 402A and 40ZB can
generate digital cutputs 4032 and 403B, respectively, which
pertain to specific regions of the total image. In one
embodimant, based on system configuration, HDDs 402Z2A and 4028

can also generate control and timing outputs 405,

[0044] Advantagecusly, digital outputs 4032 and 4038, which
are oubtput in parallel, can provide a large optical image field
of view for inspection. Generating multiple digital outputs in
parallel also facilitates achieving high data rates.
Specifically, one conventional configuration for reading an
output of an image sensor shifts a row of digital (pixel) data
to a shift register, which in turn shifts out data serially one

bit {one pixel} at a time. In contrast, in accordance with the

i
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configuration shown in FIG. 4, each HDD can oubtput multiple
gsats of digital hits {(pixel values) in parallel.
Advantageously, these parallel outputs allow relatively slow
operation per channel, thereby maximizing the signal-to-noise
ratio {(SNR), while allowing a very high total system data rate
for all channels {i.e¢. based on a plurality of bits {(pixel

data} being effectively output in parallel}.

[0045] FIG. § illustrates a functional block diagram of a
high density digitizexr (HDD) 500. HDD device 500 can include
timing and control logic 502 that receives the previously~-
described timing and control inputs 404 (FIG. 4). In one
embodiment, timing and control logic 502 can provide timing and
control inputs 484 to one or more channels {(described below) to
compensate for propagation delay or other leocal requirements.
Timing and control inputs 404 can also be provided to
components that globally control the HOD {(e.g. providing
test/operational modes). Por example, HDD device 500 can also
include self-test logic 503 that receives some of timing and
control inputs 404 and generates some of timing and control
cutputs 405, In one embodiment, timing and contreol outputs 405
can be used for monitoring and/or controlling other TDI sensor

modules in an efficient manner.

[0048] HDD 50O can include blocks that perform steps 304~
308, For example, signal conditioning block 510 can perform
step 304, CDS block 511 can perform step 306, ADC block 512 can
perform step 307, calibration / data formatting block 513 can
perform step 308, and signal transport bleock 514 can perform
step 308, Note that only components performing steps 304, 306,
307, and 308 are shown for simplicity. In an actual
implementation, HDD 500 can include additional components to

perform other steps and provide additional functionality.
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0047} Moreover, in other smbodiments, blocks 510-514 can

perform additional functionality. For example, in one
embodiment, signal conditioning block 510 can provide current
sinking, level shifting for the voltage domain, offset level
adjustment, buffering, single-ended to differential conversion,
and robust electrostatic discharge damage (ESD) contrel.
Correlated double sampling {(CDS) block 511 can remove several
sources of noise found in sensocor processing, e.g. low-frequency
noise and/or reset noise. ADC block 512 can advantageously
digitize signals from multiple channels {e.g. the 8 exemplary
channels shown for purposes of illustration) in parallel,
thereby providing uniform performance across HDD 500, This
uniform performance is particularly desirable in an inspection
or metrology system. Calibration data formatting block 513 can
perform real~time processing, such as black~level correction,
drift-compensation, and/or other calibration processes known in
the arit of high-performance imaging., Calibration data
formatting block 513 can also perform digital signal processing
calculations that access previous measurements and predict
future data. In one embodiment, the results of this real-time
processing can be fed back inte the analog front-end (AFE}

{e.g. signal conditioning block 510 and CD8 block 311} to
control conditioning, gain control, and sampling as needed. In
one implementation, such real-time processing can be performed
by one or more FPGAs, CPUs, or dedicated processing devices

{i.8&. external devices}.

f0048] Signal transport bhlock 514 can receive the formatted
data from data formatting block 213 and generate digital
outputs 504. Notably, because digital outputs 504 are more
immune to noeise than analoy signale, in one sembodiment, sets of
digital ocutputs 504 can be created (e.g. by merging chamnel
data} with minimal data accuracy loss. However, note that

merged digital output can affect the quality of the analog
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input by coupling through the silicon substrate as well as I/0

ring and ESD deviges.

[0049] FIG. 5 shows sets 506A and 5088 that could be merged
to form digital outputs 504, This merged digital data can be
sent at high data rates (e.g. using high speed interconnect}.
Merged digital data also advantageously uses fewer pins of HDD
B8 (e.g. in the case of either set 506A or 506B, one fourth of
the original pin count). Thus, using localized ADC and output
multiplexing in HDD device 500 can significantly improve system

performance and resource management.

fO050] FIltz. &8A illustrates the channels and pins of an
exemplary HOD 608. Although HDD 600 includes 16 channels, i.e.
channels 601~616, other HDDs may include fewer channels {(e.g. 8
channels) or more channels {(e.g. 32 or 64 channels). Exemplary
components of the channels are shown in channel 601, For
example, sach channel can include an analog front end 821,
which receives sensor input signals. In FIG. 6, channel 601
receives sensor input signals IN1L and RG1 and channel 816
receives sensor input signals IN16 and RGlé. Sensor input
signal IN refers to an analog input signal, whereas sgsensor
input signal RG refers to a reference ground signal associated
with that channel. In one embodiment, AFE 621 can include one
or more analog filters for smoothing waveforms and/or removing
DT levels, CDS8 circuitry, single-ended to differential
converters, gain adjustment circuitry, and other signal

conditioning components.

{0051] An ADT 622 can convert the processed analog signals
from AFE 621 into digital signals. The digital outputs from
ARG 622 can be stored in a shift register 623. In one

embodiment, a low voltage differential signaling {(LVDS) block

624 can receive the outputs of shift register 623 and then
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gaenerate two different voltages QUTP and OUTHN, which can be
compared off-chip. In FIG. &, for example, channel 601 can
output OUTLP and OUTIN, whereas channel 616 can oubtput OUTL1e6P
and QUT16eN. LVDS 624 can effectively use this difference to
encode information. HNote that LVDE is a standard output format
for high speed networks/busses and therefore is not described
further herein. Notably, the differential signaling
configuration helps to reduce the effect of the output signals

on the input signal integrity.

f00521] FIG. 6B illustrates the channels and pins of another
exemplary BDD 6007, In HDD 600/, each channel further includes
an analog driver 625, which has its inputs connected to the
cutputs ¢f AFE 621 and its outputs connected to the ocutput pins
{i.e. the pins providing OUTP and QUTN). In this
configuration, when analog driver 625 is activated, ADC 622,
shift register 623, and LVDES 624 can be bhypassed, thereby
allowing analog signals to be output by the channel. Thus,
gither analog or digital data can be sent to the next
processing stage (external to HDD 600). Note that ansloyg
signals can be sent off-chip for additional analog processing,
whereas digital signals can be sent off-chip after optional

digital correction, digital signal processing, and formatting.

f0083] HDD 600 {(or HDD 600’) can further includes a register
control block 632 that can receive digital input signals DLDIX
{digital load data igput), DI {digital read data input), DIN
{data in), and DCKI {digital clock input). These digital input
signals can traverse HDD 600 (in various manners, as described
below in FIGS. 7, BA, and 8B) and eventually are ocutput as
digital output signals DLDO {(digital load data output), DRDO
{digital read data cutput), DOUT {(data out), and DCKO {digital
clock output).
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00541} Additional circuits integrated on HDD device 600 can
include clock circultry 631 and an associated data rate
mialtiplier phase locked loop {(PLL) 632, biasing circuitry 641,
calibration and test mode block 642, a sensor block €43, and a
digital control block 644, Clock circuitry 631 can provide
delays for clock signals when necessary, e.g. to adjust the
delay to when the actual 0S8 occurs {(as can bhe indicated by a
recaived trigger signal). Using a sgquare wave of a
predetermined frequency {e.g. a reference waveform generated by
clock circuitry 631), data rate multiplier PLL 632 can ensure
that all channel outputs are phase locked to that sgquare wave
{or a multiplier of that sguare wave). Biasing circuitry 641
can generate a voltage biag VB (see FIG. %A) as well ag allow
the differential amplifier to handle a unipolar signal range
{i.e. 0 to max) instead of a bipolar signal range {i.e. ~max/2
to +max/2}. In one embodiment, each channel may have a

separate bias control capability.

[0055] Digital control 642 can enable/disable analog driver
625 (FIG. 6B}, the digital driver associated with LVDS 624, the
output pins {(e.g. to save power), calibration, and/or test
modes for the channels., An exemplary calibration could include
introducing a predetermined ramp function on the input pins of
HDD device 680 and monitoring the output pins to ensure that
the same ramp function is output. Ancother exemplary
calibration could include introducing a DC value on the input
pins of HDD device 680 and monitoring the output pins for noise
on each channel. Exemplary test modes include providing a
known signal pattern to the channels and analyzing the digital
ocutput, thereby facilitating identification of when that
pattern starts and ends. Once the start/end of a known pattern
can be ascertained, then the channels can be programmed
accordingly to accurately identify the start/end of signals

during actual operation. In one embodiment, digital control
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block 642 can include a bit clock LVDS {(associated with the on~
chip kit line) and a word clock LVDS {associated with the on-~
chip word line}, which can be used in well known technigques to
synchronize on-chip data (e.g. during test mode and/or during

calibration of specific channels).

{0058} FIG., 7 illustrates an exemplary configuration for
register control block 633, which can be used to provide both
ganeral configuration bits and channel configuration bits to
the HDD. In the embodiment of FIG. 7, two sets of registers
are provided: a first set 701 for the general configuration

bhits and a second set 702 for the channel configuration bits.

f0057] A multiplexer 730 can be used to write bits DIN to
either general configuration registers 711 (which may control
the overall timing of the chip, the enabling/disabling of the
output drivers, etc.} or channel configuration register 721
{which may contrel the gain for sach channel or other channel~
specific contrel signals). Circuits in the HDD can access the
bits of configuration registers 711 and 721 via standard
techniques. Bits DIN for general configuration registers 711
can be loaded inte shift registers 712 using the clock signal
DCKY on a clock line 713. Once all the general configuration
bits are clocked into shift registers 7i2, the load signal DIDI
on line 714 (i.e. DLDI) can trigger general configuration
registers 711 to receive the values in shift registers 712 in
parallel. Similarly, bits DIN for channel configuration
registers 721 can be loaded into shift registers 722 using the
clock signal DCKYI on a clock line 723. Once all the channel
configuration bits are clocked into shift registers 722, the
lpad signal DLEY on line 724 can trigger general configuration
registers 711 to receive the values in shift registers 712 in
parallel. Note that although the first and second sets of

registers 701 and 702 may have the same number of registers in
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some embodiments, in other embodiments the first and second
sets of registers 701 and 702 can have different numbers of

registers depending on circuits implemented on the HDD.

{O058] A multiplexer 731 can read the bits DOUT from the
first set of registers 701, i.e. the general configuration
hits, or from the second set of registers 702, i.e. the channel
configuration bhits. Specifically, the read signal DRDI can
trigger shift registers 712 to load the values from general
configuration registers 711, wherein such bits can then be
clocked out of shifter registers 712 using the clock signal
DCKY and appropriate output selection by multiplexer 731,
Similarly, the read signal DRDI can trigger shift registers 722
te load the values from channel configuration registers 721,
wherein such bits can then be clocked out of shifter registers
722 using the clock signal DCKI and appropriate output
salection by multiplexer 731, Notably, these output bits can
be propagated through multiple HODs either serially or in
parallel as described in reference to FIGS. 83 and 8B,

respectively.

[0059] FIGg. BA illustrates an exemplary configuration in
which a plurality of HDDs 801-808% can be serially connected to
receive inputs 810 for the general control circuitry or the
channel control circuitry {(e.g. using multiplexers 730 and 731,
FIG. 7). Note that the outputs from HDDs B01-808 form the
inputs to HDDs 802-~808. Although 9 chips are indicated in FIG.
83, other embodiments may have more or fewer HDDs in a daisy
chain configuration. Notably, the use of shift registers
{described above} allows the HDDs to be chained together to any
arbitrary length. Outputs 820 from the last HDD in the chain,
in this embodiment, HDD 808, can be read bhack to an FPGA orx

another controller device.
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[0060] FEach HDD may also be given a unigue fixed input
pattern on CIDE ~ CID4, which can be used to unigquely identify
and address each device. The pattern may generated by
connecting some or all of CIDO -~ CID4 to ground. SPI_MODE
input may then be used to select parallel addressing mode for

writing and reading registers.

{0061} In one embodiment shown in FIG. 8RB, HDDs 801-809 can
ba connected in parallel to receive inputs 810. In this
configuration, instead of a daisy chain, each HDD in the TDI
sensor package can be individually addressable, e.g. bits for
the general control circuitry and the channel control circuitry
can be sent over a bus with a set of lines provided for sach
HDD. This configuration can facilitate the reprogramming of

individual HDDs {chips).

[0oe2] FIG. 8A illustrates an exemplary CDS circuit 900 that
can be configured in a reset mode or a sampling mode. Circuit
900 includes a programmable gain amplifier (BGA) 202, which
receives inputs via positive and negative input terminals and
generates outputs Vpgan and Vg for an ADC. A transistor 901,
which forms part of TDI gensor 401 (FIG. 4}, is connected
between a high voltage source {e.g. VDD and a node 903. The
gate of transistor 801 receives a voltage proportional to the
detected signal on the sensor; therefore, its output (provided
to node 903} is als¢o proportional to the signal on the sensor.
A capacitor 204 and a resistor 905 are sach connected between
node 983 and ground. A capacitor 906 is connected between node
903 and the negative input terminal of PGA 802. A capacitor
807 is connected between a switch %08 and the positive input
terminal of PGA 302, A feaedback capacitor %08 and a switch SWL
are connected in paralliel to the negative input and output

terminals of PGA 802, A feedback capacitor 810 and a switch
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SW2 are connected in parallel to the positive input and cutput

terminals of PGA 802,

{0083] During the reset mode {with switches SW1l and 8SWZ
closed and switch 908 connected to ground), the DC level (blank
level}) is mapped to a zero differential voltage at the output
of PGA 902. During the sampling mode {with switches SW1l and
SWZ open and switch 908 connected to a programmable bias
voltage Ve, &.g. 1.2V}, the deviation of the voltage at node %03
generates charges proportional to that voltage and is
transferred to feedback capacitors 909 and 910 and in turn is
converted to a differential voltage at the cutput of PGA 202,
In the above-described configuration of CDS circuit 800,
feedback capacitors 909 and 810 are effectively programmable
{e.g. via switches SWl and 8W2) and their values can change the
voltage gain of PGA 2802 {in an inversely proportional manner}.
Note that when no light is detected by the sensor, bias voltage
Ve can be programmed to be olose to one extreme {(minus full
value). When half a maximum signal is detected, bias voltage
VB can be programmed to be close to zero. When a full signal
is detected, bias voltage Vp can be programmed to be close to
the other extreme (plus full wvalue}, thereby effectively

doubling the signal swing.

foded] FIG., 98 illustrates a simplified exemplary controlled
non-linsar response programmable gain amplifier 2320 that can
form part of an A¥FE for the HDD. Note that Vin, the input to
PGA 920, has an associated AL signal having a “swing® that can
be measured. To get good performance from the upstream sensor,
Vin must also supply some current leoad to the sensor., In this
embodiment, that current can be provided by a switching
capacitance network. In this embodiment, a plurality of input
capacitors 921-924 are connectable in parallel between an input

voltage Vin and a negative input terminal of amplifier 800 (see
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FIG. 9A for details}. The positive input terminal of amplifier
800 is connected to ground. Capacitors 8922-924 can bhe
selectively disconnected from amplifier 300 using switches 925-
827, respectively. Switches 925-927 are controlled by
comparators 928-930, respectively. Comparators 828-330 receive
thresheold voltages VIO-VI3, respectively, on their first input
terminalas and a voltage from a3 node 833 on their second input
terminals. A capacitor 832 is connected bhetween node 933 and
ground, whereas a capacitor 931 is connected between node 3833

and the input voltage Vin.

[00es] After a reset of PGA 920 and initially during the
sampling mode, switches 925-327 are closed. This configuration
generates a maximum gain for amplifier 900, which is computed
as the ratio of the total parasllel capacitance of capacitors
821-824 (i.e. their summed capacitances) to the capacitance of
its programmabile capacitor {i.e. capacitoxr 809, FIG., B4}y, In
other words, amplifier 900 has a gain defined by the ratic of
itz input capacitance and its feedback capacitance. An input
signal Vin is initially low, but transitions higher over time
until the next reset {wherein a reset is triggered for the
sampling ¢f each pixel). During that time, amplifier 300 is
effectively integrating that signal and generating a voltage Vo

faor an ADC.

[Q066] As the input signal Vin trangitions higher,
comparators 928~930 ave comparing that rising signal to their
threshold veoltages VI0O-VTZ2, wherein VIO < VIl < VT2, Once the
signal at node 833 reaches each of the thresheld voltages,
comparators 928-830 will trigger switches 925-827 to
consecutively copen at the appropriate time. Thus, the maximum
gain of amplifier 900 is provided with all switches 9225-827
closed and this gain is reduced over time based on the number

of switches that are open. Reducing the gain, in turn, reduces
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the cutput voltage Vo. Therefore, PGA 920 can reduce the

voltage swing of input voltage Vin using the negative feedback
provided by the feedback capacitor 209 and the switchable
capacitors 922-927. The gain for PGA 820 can be defined by
Cyn/Cps, wherein Cpy = 921+492249234924 (i.e. the sum of the
capacitances of all parallel-connected input capacitors) and G
iz the fesdback capacitance of capacitor 2309. Thus, when an
input capacitor is removed {(i.e. its corresponding switch being
opened) , the gain of PGA 920 decreases for any additional

signal change thereafter.

0087} Note that other known PGAs typically include
resistors, which affect both the gain and the offset of the
amplifier. Advantageously, by using capacitors in BGA %20 and
ensuring that capacitors are switched out only (i.e. capacitors
8922~-824 are not added into the path), the gain of amplifier 300
can be changed without changing the offset. This feature is
possible because a veoltage change in Vin with capacitors 921~
924 connected to the negative input terminal of amplifier 300
causes current to flow through those capacitors in one
direction and at the same time causes current to flow in
feedback capaciter %08 in the opposite direction. Therefore,
switching a capacitor out of the path to the negative input
terminal of amplifier S00, reduces the current, but not the
charge. In this manner, spikes in the output veltage Vo are
eliminated. Because output voltage Vo is being digitized with
a maximum SNR desired, a glitch in Vo would render that signal
unusable. Thus, PGA 920 is particularly beneficial for a
digitizer {i.e. the ADC).

[QOBR] Note that ChE 200 and PGA 920 can be configured to
output differential signals. Providing a differential signal
instead of a single signal can provide advantages in a sensor

system. For example, a single signal is typically understood
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to be relative to ground., However, groumd may actually vary
alightly across a chip. Therefore, a sensor receiving signals
from different areas of the chip may reguire additional
information to provide correct interpretation of those signals.
In contrast, a differential signal has two signals, sach of
which is relative to the other. As a result, the HDD can be
more nolse immune (1.e. compared to using a single signal) when

using mulitiple channels on one chip.

[00869] FIG. 10 illustrates an exemplary sensor block 643
(FIG. 6A) that can provide high accuracy, low speed {on the
order of 10-100 szignals per second), and low power results. In
this embodiment, a PGA 1003, e.g. of conventional design, <an
receive inputs from a multiplexer 1002 and provides outputs to
a sigma-delta ADC 1004, In one embodiment, sigma-delta ADC
1004 can generate an output, which is accessible by an off-chip
device. Notably, multiplexer 1002 can receive a plurality of
inputs, at least one of which c¢an be a temperature sensor 1001
{depending on the size of the chip). Temperature sensor 1001
can include a transistor, a current source, or some other set
of components for sensing temperature that generates a voltage
cutput. In cne embodiment, senser blogk 643 gan alse monitor
critical supply voltages, such as a digital supply voltage
supplied to the chip, an analog input voltage supplied to the
chip {(which could be read out in analog format from a test pin,
or converted by the on-chip sigma-delta ADC 1004 and then read
out digitally), a voltage generated in an inner area of the
chip, and/or a voltage generated in a periphery area of the
chip. Thus, sensor block 643 can advantagecusly provide a
diagnostic function for the chip including the HDD. As a
result, a TDI sensor module including multiple HDDs (e.g. 16,
24, 36, 48, etg.) can provide a same number of temperature and
voltage sensor indicators, thereby allowing temperature and

voltage sensor outputs to be determined at a package level, 1In
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one embodiment, to provide additional result acouracy, sensor
hlock 643 can use differential cutputs of multiplexer 1002 and
PGA 1003.

{00707 FIG. 11 illustrates an exemplary ADC auvto-test
configuration in which a ramp generator 1106, when enabled
using an internally-generated gsignal ENABRLE, provides a digital
ramp {(i.e. saw tooth) signal to adders 1107-1110. Adders 1107-
1110 also receive independent inputs IN1-IN4, respectively. In
one embodiment, inputs IN1-IN4 can be the channel inputs
described above. The sums of adders 1107-1110 are provided to
ADCs 1101-1104, respectively, which in turn provide bit outputs
to a multiplexer 1105, In one ambodiment, the ramp signal of
ramp generator 1106 ig s 10-bit signal and each independent
input INi1~-IN4 is a 2-bit signal, thereby resulting in both
adders 1107-11310 and ADCs 1101-1104 outputting 12-bit results.
A gontrol signal provided by ianternal contrel logic can select
which ADC result to ocutput as the OUT signal {(leogically, a 12~
bit signal}. Notably, even in the absence of an actuzl channel
input, the configuration of FIG. 11 allows ADCs 1101~1104 to be
tested,

[0071] FIG. 123 illustrates exemplary signal and ground
paths of an image sensor 1201 {including components for
generating channels CHI1-CHn, wherein n is an integer and
wherein a set of sensor components to generate a channel can
inglude transistors M1-M3, connected as shown in FIG. 12A) as
well as the signal and DC current paths of a package 1202
without in-package capacitors. In FIG. 12A, these paths are
indicated using arrows. In the embodiment shown, image sensor
1201 and package 1202 can be connected using wire bondg in an
alr medium. In other embodiment, wire bonds in epoxy can be
used. In either ambodiment, the bonding can also include f£lip

chip bonding {(i.e. solder bumps connecting to pads), which is
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wall known. Note that in an actual embodiment, image sensor
1201 can be supported by package 1202 (e.g. the edges only of
image sensor 1201 can be supported by a “frame” package), but
are shown separately in FIG. 123 for simplicity. In contrast,
FIG. 12B illustrates exemplary signal and ground paths of image
sansor 1201 as well as the signal and DC current paths of a

package 1203 with in-package capacitors.

[0072] In package 1202 {without in-package capacitors), the
signal path {i.e. current} extends outside package 1202 to the
VDD power supply and then back to sensor 1201 to provide power
to sensor 1201, This signal path is the same for both DC and
high frequency current. Notably, having high freguency signals
traveling that far (e.g. on the order of 10-30 om) is guite
problematic and can result in significant performance
degradation. This degradation can include ground voltages
{AV3S and V38 planes, for example)} that fluctuate. Imn
contrast, in package 1203 {with in-package capacitors Cl and
C2), the current path is leocalized within package 1203 {e.g. on
the order of 1-2 cm}. This shortened path, compared to that of
package 1202, can advantagecusly ensure good performance, e.g.

ensuring consistent, stable reference voltages.

f0073] In one embodiment, the ADCs of the device can be
calibrated using an internally generated reference, or ¢an use
a reference from an external conmection, In the later case,
multiple devices can be connected together with this connection
and calibrated to the same to reference for high precision
measurements. On-chip logig is designed support calibrations

of either type in the preferred embodiment

[0074] The embodiments described herein are not intended to
be exhaustive or to limit the invention to the precise forms

disclosed. As such, many modifications and variations will be
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apparent. For example, in one embodiment, multiple analog
gignals can be encoded or mixed hefore digital conversion, and
conposite digital data can then be decoded for improved signal-
to-noise ratic. In another embodiment, multiple digital
samples can be taken per pixel (multisampling), thereby
minimizing effects of timing Jjitter for improved signal
raegovery. In yet another embodiment, digital data can be
locally stored and processed for calibration, compression, and
pre-processing. In yvet another embodiment, the results from
adjacent channels and a “history® of channel walues can be used
to provide real time control of the analog and digital
processing. In yet another embodiment, a signal level can be
monitored, wherein when the signal level exoeeds a
predetermined threshold, the gain can be reduced to maintain
headroom if the signal increases further {(and when the signal
level falls below another predetermined threshold, the gain can
be increased while maintaining calibrations})}. The HDD can
further include a precision timing delay contrel to adjust the
reset and sampling clock of the ADC. This delay is controlled
by digital block. The timing contreol cireuit can include a
reliable voltage supply generated internally through a
regulator to achieve a very low timing jitter requirement for
the HDD. The HDD can further include analog multiplexer to
read exact DBC voltage of the image sensor outputs for optimum

setting of the resistor and bias current,.

[O0Q75] In yet another embodiment, some local processing to
perform defect detection can be performed. For example, in
daesigns with highly repetitive features, adjacent features can
be compared, wherein adjacent defect-free features should be
identical. In one ambodiment, defect detection can include
subtracting the image of one feature from the image of the
adjacent feature, and indicating a defect is detected only when

the difference of the images exceeds a predetermined threshold.
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Cutput data generation can be entirely disabled or highly
comprassed when the difference data is below a predetermined

thrashold.

[0076] FIG. 13 compares conventional single-signal and
multi-signal CD8 modes. In the conventional single~signal CDS
mode, REF 1301 and SIG 1302 waveforms define the reference and
signal clocks with one reference and one sample per digital
readout. In the multi-signal CDS mode, REF 1303 is the same as
REF 1301, which 8IG 1304 clocking produces multiple sample
measurements and digital readouts, each readout relative to the
reference value collected at t ref. Note that all timing
gignals may be implemented as differential pairs as shown in
RE¥ 1301.

[0077] In contrast, FIG. 14 illustrates that a CCD szensor
can be timed to produce different waveforms for the same image
signal. In this case, CCD waveform 14081 can be used to collect
three signal measurements, all relative to the reference sample
{REF 13033. CCD waveform 1402 can be used to collect two
reference levels and twoe signal samples, where the measurement
at t sigl is relative to the first reference measurement, and
would be 0 counts for an ideal syvstem with no noise sources.
Because clocking of the CDS circouit can be reconfigurable, one
raset and multiple readings can advantageocusly provide

averaging and increase the system SHR,

f0078] Accordingly, it is intended that the scope of the
invention be defined by the following Claims and theirx

egquivalents.
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CLAIMS

1. A module for high speed image processing, the module
comprising:
an image sensor for generating a plurality of analog
outputs representing an image, and
a plurality of high density digitizers (HDDsg) for
concurrently processing the plurality of analog outputs, each
HDOD being an integrated circuit, esach HDD for processing in
parallel a predetermined set of the plurality of analog outputs
representing a portion of the image, and each channel of the
HDD including:
an analog front end {(AFE) for conditioning a
differential signal representing one analog output and
generating a conditioned signal, the AFE including a
programmable gain amplifier (PGA) with switch-out
capacitors; and
an analog-to~digital converter {(ADC) for converting
the conditioned signal into a digital signal, the digital

signal being provided for the high speed image processing.

2. The module of Claim 1, wherein the image sensor

includes a time delay integration {TDI) sensor.

3. The module of Claim 1, wherein the image sensor is
configured to sense a range of wavelengths from deep

ultravioclet through visible radiation.

4. The module of Claim 1, wherein the PGA includes a
plurality of comparators for determining when each of the
switch~out capacitors is to be disconnected from an input of

the PGA.
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5. The module of Claim 1, wherein the AFE further

includes a correlated double sampling {CDS) circuit with offset

control to optimize dynamic range.

6. The module of Claim 1, each channel further including
a data formatting block for receiving the digital signal and

configured to provide black-level correction.

7. The module ¢f Claim 1, each channel further including
a low voltage differential signaling {(LVDS) block for receiving
the digital signal and providing transport of LVDS-processed

signals to an off-chip device.

8. The module of Claim 1, wherein each HDD further
includes a control block for enabling/disabling a calibration

mode and a test mode.

8, The module of Claim 8, wherein the control blaock
includes a ramp generator for providing a ramp signal to sach

ADC.

1¢. The module of Claim 8, wherein the control block
includes self-test logic configured to introduce a
praedetermined ramp function to sach channel and monitor output
pins of the HBEDD for deviations from the predetermined ramp

function,

11. The nodule of Claim 8, wherein the control block
includes self-test logic configured to introduce a DC value to
each channel and monitor output pins of the HDD for noise on

each channel.

12. The module of Claim 8, wherein the control bhlock

includes self-test logic configured to introduce a known signal
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pattern to each channel and monitor cutput pins of the BDD to

determine when the known signal pattern starts and ends.

13. The module of Claim 1, wherein sach HDD further
includes a data rate multiplier phase locked loop (PLL)
configured to provide a sguare wave to which all channel

outputs are phase locked.

14. 7The module ¢f Claim 1, wherein sach HDOD further
includes a sensoy block for selectively accessing a digital
input woltage, an inner chip voltage, a peripheral chip

voltage, and a temperature sensor voltage.

15. A module for high speed image provessing, the module
comprising:
an image sensoyr for generating a plurality of analog
outputs representing an image; and
a plurality of high density digitizers (HDDs) for
concurraently processing the plurality of analog outputs, sach
HDOD being an integrated circuit, each HDD for processing in
parallel a predetermined set of the plurality of analeog outputs
representing a portion of the image, and sach channel of the
HDOD including:
an analog front end {(AFE) for conditioning one analog
output and generating a conditioned signal;
an analog-to-digital converter {(AX) for converting
the conditioned signal into a digital signal; and
an analog driver coupled to bypass the ADC and

provide the conditioned signal to an off-chip devicge.

16. The module of Claim 15, wherein the AFE includes a
programmable gain anplifier {PGA) and a correlated double
sampling {(CD8) circuit, each of the PGA and the CDS circulit

including switchable capacitors,
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17. The module of Claim 16, wherein the PGA includes a
plurality of comparators for determining when each of the
switchable capacitors is to be disconnected from an input of
the PGA.

18, The module of Claim 16, wherein the CDS circuit has

an offset control to optimize dynamic range.

18, The module of Claim 15, vwherein each HDD further
includes a digital control block for enabling/disabling the

analog driver,

20. 'The module of Claim 15, wherein the image sensor

includes a time delay integration (TDI) sensor.

21, The module of Claim 15, wherein the image sensor is
configured to sense a range of wavelengths from deep

ultraviclet through visible radiation.

22. The module of Claim 15, each channel further
including a data formatting block for receiving the digital

signal and configured to provide black-level correction.

23. The module of Claim 15, each channel further
including a low voliage differential signaling {LVDS) block for
receiving the digital signal and providing transport of LVDS-

processed signals to an off-chip device.

24. The module of Claim 15, wherein each HDD further
includes a control block for enabling/disabling a calibration

made and a test mode.
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25, The module of Claim 24, wherein the control block

includes a ramp gensrator for providing a ramp signal to sach

ADC.

26. The module of Claim 15, wherein each HDD further
includes a sensor block for selectively acvessing & digital
input voltage, an inner chip voltage, a peripheral chip

voltage, and a temperature sensor voltage.

27. A module for high speed image processing, the module
COmPrising:
an image sensor for generating a plurality of analog
outputs representing an image; and
a plurality of high density digitizers {(HDDs)y for
concurrently processing the plurality of analog ocutputs, sach
BDD being an integrated circuit, each HDD for processing in
parallel a predetermined set of the plurality of analog outputs
representing a portion of the image, and each channel of the
HDD including:
an analog front end {(AFE) for conditioning one analog
output; and
an analog-to-digital converter (ADC) for converting a
conditioned signal into a digital signal: and
2ach HDD further including a regiszter control block for
providing general and channel configuration bits to the HDD,
the register control blogk providing interlinking of the

plorality of HDDs.

28. The module of Claim 27, wherein the AFE includes a
programmable gain amplifier {(PGA) and a correlated double
sampling {CDS} circuit, each of the PGA and the CDS circuit

including switchable capacitors.
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2%, The module of Claim 28, wherein the PGA includes a
plurality of comparators for determining when esach of the

switchablie capacitors is to be disconnected from an input of

the PGA.

30. The module of Claim 28, wherein the CDS circuit has

an offget control to optimize dynamic range.

31. The module ¢f Claim 27, wherein the image sensor

includes a time delay integration (TDY) sensor.

32. The module of Claim 27, wherein the image sensor is
configured to sense a range of wavelengths from deep

ultraviclet through visible radiation.

33. The module of Claim 27, each channel further
ingluding a data formatting block for receiving the digital

signal and configured to provide black~level correction.

34. ‘The module of Claim 27, each channel further
including a low voltage differential signaling {LVDS8}) block for
receiving the digital signal and providing transport of LVDS-

processed signals to an off-chip device.

35, The module of Claim 27, wherein each HDD further
includes a control block for enabling/disabling a calibration

made and a test mode.

36. The module of Claim 35, whersin the control block
ingludes a ramp generator for providing a ramp signal to sach

ARC.,

37. The module of Claim 27, wherein esach HDD further

includes a sensor block for selectively accessing a digital

(]
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input voltage, an inner chip voltage, a peripheral chip

voltage, and a temperature sensor voltage.

38. A system for high speed image processing, the system
comprising a plurality of modules, each module comprising:
an image sensor for generating a plurality of analog
outputs representing an image, and
a plurality of high density digitizers (HDDsg) for
concurrently processing the plurality of analog outputs, each
HDOD being an integrated circuit, esach HDD for processing in
parallel a predetermined set of the plurality of analog outputs
representing a portion of the image, and each channel of the
HDD including:
an analog front end {(AFE) for conditioning one ansloy
output; and
an analog-to~digital converter {(ADC}) for converting a
conditioned signal into a digital signal,
wherein the plurality of HDDs are connected for electively
providing general and channel configuration bits to the

plurality of HDDs.

39, The svstem of Claim 38, further including a package
for securing the image sensor and the plurality of HDDs,
wherein the image sensor and the plurality of HDDs are coupled
using wire bonds, and wherein the package includes in-package

capacitors,
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