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Abstract

In imaging applications whenever there is a relative motion between the sensor and
the object, a limited integration time is available for photodiode to collect sufficient pho-
tons. Further, the number of available photons in pushbroom imaging and machine vision
applications, are already very low. The low number of integrated photons lowers the signal-
to-noise ratio (SNR), thus degrading the image quality. Time Delay Integration (TDI) is a
well-known technique to enhance the SNR by increasing the signal level by using multiple
capturing.

In present times, there is a great focus on increasing the total number of TDI stages in
order to have better SNR. Increasing the TDI stage also has a side effect. Since conventional
TDI sensors add the accumulated signals before analog to digital conversion (ADC), thus
the accumulated signal is highly prone to saturation. Saturation may happen because of the
change in scene from low light to moderate light. Furthermore, conventional TDI sensors
use switched capacitor integrator based accumulators to store the integrated signal. These
accumulator utilise operational amplifiers in accumulators. The operational amplifiers are
limited in output voltage swing and are prone to saturation when higher number of TDI
stages or moderate light exposure is used. In addition to this layout of the TDI sensors
are long thus operational amplifiers suffer from loading effects too. This limits the use of
operational amplifiers in TDI accumulators. Thus there is a need to evolve the accumulator
architectures in order to overcome above mentioned issues.

The TDI sensors are required in applications such as remote sensing and push broom



imaging. These applications require the operating image sensor to work with low power
consumption. The prominent way to reduce the power budget is to reduce the supply
voltage but it results in direct degradation of SNR. A reduced SNR nullifies the efforts
made by TDI sensors. Thus trimming down on supply voltage is not a good choice for
TDI sensors. The power consumption can also be reduced by trimming the operation of the
power hungry column processing circuits but it results in reduced performance of column
blocks such as CDS (Correlated double sampling), PGA (Programmable gain amplifiers)
and ADCs (Analog to digital converter). All these blocks consume constant dc current and
so are the biggest source of power consumption. TDI sensors accumulates output from
all the stages so in addition to signal, noise gets added too. It results in dynamic range
degradation. This also puts a limitation on number of TDI stages that can be used.

This thesis presents a solution to the saturation in the TDI sensors. A charge pump
based accumulator combined with hybrid accumulation is proposed. Two reduce the power
consumption, a pulse width modulated (PWM) based pixel is proposed. The PWM is
operated to achieve low power as well as high dynamic range. Two prototype sensors were
fabricated and tested. The two prototype sensors are given below.

The prototype 1 presents an 8 stage, charge pump based analog accumulator for time
delay integration CMOS image sensors. It addresses the accumulator saturation problem
for higher TDI stages, overexposure and non linearity associated with integration based
accumulators by using charge pump based accumulators. It introduces a novel solution

to TDI saturation problem because of overexposure. A saturation prevention algorithm



has been presented that detects overexposure and stops the further integration of scene at
the ADC level itself. A prototype chip of 128 x 8 TDI image sensor has been designed
and fabricated in AMS 0.35 pm, one-poly four-metal 3.3 V CMOS technology with a
pixel pitch of 10 ym. Measured SNR improvement for 8 stages is 10.6 dB. The measured
dynamic range for 8 stage accumulation is 45 dB. Sensitivity for designed sensor has been
measured to be 42.16 V/lux-s.

The prototype 2 addresses the power consumption and presents a low power consuming
sensor. A 128 x 128 PWM based 4T pixel is designed and fabricated in TSMC 0.18 pm
one-poly six-metal (1P6M) 3.3/1.8 V CIS process. This pixel utilises a ramp to implement
the slope ADC operation inside the pixel itself. The ADC conversion in the pixel allows
for removing the power consuming circuits like PGA and ADC in the column. The ADC
conversion in the pixel consumes much lower power compared to column ADC. Along with
the low power operation, the dynamic range of the sensor is also enhanced by operating the
pixel as 3T and using the discharge properties of the sensing node. A dynamic range of 100

dB is obtained in the measurement in a single-shot mode.
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