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[57] ABSTRACT

An analog-to-digital converter for on-chip focal-plane
image sensor applications. The analog-to-digital converter
utilizes charge integrating amplifiers in a charge balancing
architecture to implement successive approximation analog-
to-digital conversion. This design requires minimal chip
area and has high speed and low power dissipation for
operation in the 2-10 bit range. The invention is particularly
well suited to CMOS on-chip applications requiring many
analog-to-digital converters. such as column-parallel focal-
plane architectures.
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1

SUCCESSIVE APPROXIMATION ANALOG-
TO-DIGITAL CONVERTER USING
BALANCED CHARGE INTEGRATING
AMPLIFIERS

This application claims the benefits of the U.S. Provi-
sional application Ser. No. 60/006.264. filed on Nov. 7,
1995.

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA Contract and is subject to the
provisions of Public Law 95.517 (35 U.S.C. 202) in which
the contractor has elected to retain title.

FIELD OF THE INVENTION

The invention is related to analog-to-digital converters.
More specifically, the present invention defines a successive
approximation analog-to digital converter using balanced
charge integrating amplifiers.

BACKGROUND AND SUMMARY OF THE
INVENTION

There are many applications for analog-to-digital convert-
ers. Real world analog information must be converted into
a digital form before it can be processed by digital comput-
ers. There are a number of types of analog-to-digital con-
verters employing various conversion methods. Each of
these methods offer different performance characteristics
such as operating speed. power consumption. achievable
accuracy. chip area, required amplifier gain, bandwidth.
impedance matching and noise.

Conventional electronic systems often package analog-
to-digital converters (ADCs) on a separate integrated circuit.
Generally, increased electronic integration offers a number
of advantages. Hence it is desirable to integrate ADCs onto
existing integrated circuit chips. This would reduce the total
mass, volume, and system power, as well as the number and
volume of power supplies in many systems. An indirect
benefit would be a lowering of system design time and
design error rate.

One example of an application for such integrated analog-
to-digital converters is in the field of semiconductor imag-
ers. There have been recent efforts to implement on-chip
ADC onto detector arrays, such as focal-plane arrays
(FPAs). Typically. signal chains introduce noise in focal-
plane arrays. Therefore, besides the above-described advan-
tages of integrating ADCs, an FPA system with an on-focal-
plane (on-chip) ADC would be expected to exhibit superior
noise performance. This is due to the inevitable introduction
of unwanted noise through cross-talk, clock pickup, power
supply noise, electromageetic interference (EMI) and other
mechanisms. Since the serial data rate in the signal chain is
typically the highest rate in the entire imaging system. white
noise is introduced with a maximum bandwidth. Clock noise
and other capacitively-coupled sources are also known to
increase with increasing data rates.

On-chip ADCs would operate at a significantly lower
bandwidth, ameliorating these effects. Since no off-chip
analog cabling is required, pick up and vibration sensitivity
would also be eliminated. More fundamentally, multiple
sampling, or over-sampling, of the detector signal can be
much more effectively performed on the focal plane com-
pared to off-chip. Thus. on-chip ADC would eliminate
mechanisms for the introduction of noise, as well as permit
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increased signal-to-noise ratio through over-sampling tech-
niques. On-focal-plane ADC can also lead to a reduction in
total FPA power dissipation.

Furthermore, digital signals can be digitally processed
on-chip as a further level of integration. For example.
on-chip digital signal processing can be used for autono-
mous sensor control, e.g. exposure control. or for control, of
windowed region-of-interest readout. Image compression
can also be achieved on-chip to reduce off-chip drive
requirements.

The incorporation of high resolution ADCs on focal-plane
arrays has proved to be a difficult challenge. There is much
less silicon area available on focal-plane arrays than there is
on stand-alone ADCs. An ADC with serial architecture
would be required to operate with the highest bandwidth of
all focal-plane components, since the conversion rate would
be the same as the pixel data rate. In a scientific application.
a typical pixel data rate is about 100 KHz. In defense
applications and in certain scientific applications, data rates
in excess 100 MHz are often required. The reliability of
CMOS at such high data rates circuits is also a concern.

These problems are compounded in scientific applications
which routinely require resolutions greater than sixteen bits.
This level of resolution generally requires over-sampling
techniques that drive the ADC clock rate even higher.
On-chip ADCs would also increase focal-plane power dis-
sipation because of the required high speed operation of
several analog circuits; compared to the single driver ampli-
fier used in conventional focal-plane readouts. For these
reasons, the inventors believe that a serial on-focal-plane
ADC architecture would not be optimal.

Another alternative is a massively parallel architecture;
for example, with one ADC on each readout pixel in the
focal-plane array. However. only a relatively small area is
available for most applications; typical pixel size is about 30
pm?. Thus, this does not leave enough room for conventional
ADC approaches which require a relatively large chip area.

In summary. speed limitations in serial architectures and
area limitations in parallel architectures have restricted the
implementation of on-focal-plane ADCs. The present inven-
tors have recognized that the use of a semi-parallel archi-
tecture can be expected to preserve the advantages, and
mitigate the adverse consequences, of both of these archi-
tectures. A semi-parallel architecture would. for example,
utilize an ADC for every column of the readout. This affords
virtually unlimited chip area in one dimension and tight. but
feasible, design space in the other dimension. Such tall,
skinny. ADCs would operate, in parallel. on one row of
image data at a time.

A number of ADC techniques are available for use in
focal-plane applications. These conversion methods differ
from each other in terms of operating speed. power
consumption, achievable accuracy. and chip area. An impor-
tant difference between on-focal-plane ADC and a single
chip monolithic ADC, is that an on-focal- plane ADC must
occupy a relatively small chip area. The real estate becomes
an even more serious concern for column-parallel
approaches. Due to the unavailability of a large chip area.
focal-plane ADCs cannot usually take advantage of elabo-
rate trimming techniques for resolution enhancement. Thus.
the immunity of the ADC performance to circuit parameter
mismatch is a problem.

Low power operation is preferred in focal-plane ADCS.
Maximum overall power dissipation in the combined ADCs
would typically be limited to one to 20 mW. The required
resolution and conversion rates vary widely depending upon





















