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Abstract

An integrated CMOSimage acquisition system suitablfor retinal
information processing in bionigision systems oproductinspection has
been developed andsted. It supports the readoutapbitrarily user-defined
subregions. Theest chip incorporates 32x32 random addressadbbtive
sensorcells arranged on a hexagonal grid and on-atoptrol andreadout
electronics. It has been designed and fabricated in a stah&guch n-well
CMOS process. The size of a single sensor cell is88.8 33.6um and the
total chip area is Tnm?*. The sensocells show alogarithmic response in
illumination and are capable of detectingllumination variations with
frequencies well above 1 MHz.

1. Introduction

The function of retinalimage acquisition and processing art of biologically inspired
technical vision systems can be describethlbyconvolution of an inputnage with scocalled
receptivefield functions. Due to theadial symmetry othese functions aampling scheme is
desiredthat ideally supportssampling on cocentric circlescentered around an arbitrary
position on thesamplinggrid. The fact thaamongall periodic sampling schemes hexagonal
samplingprovides thehighest degree of circulaymmetry led us to implement this scheme in
our system. In addition, fosignalsthat arebandlimitedover acircular region ofthe Fourier
plane, hexagonal sampling @&so optimal inthe sense that exact reconstruction of the
waveform requiresl3.4% fewersamples tharthe alternative rectangulaampling scheme
[Mer79]. Physiological studies concerning the assembly of receptor cells in the foveal region of
the human retina haviurther showrthat parts of the coneasaic form a hexagonatructure
[Per85].
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Figure 1: Schematic of the sensor cell Figure 2: Layout of the sensor cell

In addition to theproperchoice of thesamplinggrid the major requirements foour image
acquisition system have been random access to each selslmw fixed pattern noisehigh
speed readout, and@garithmic response dhe sensooutput toillumination. Implementing a
logarithmic response characteristic offgreat advantagdsecause on the onerd it helps
realization ofthe high dynamicrange forillumination in natural environmentgabout 5-6
decades) and, on the othleand, extraction of the relevamformation from the image
becomes easier since the difference of pixel outputsonly depends on the contrast ratio and
not on the level of the absolute illumination.

2. Sensor Cell Design

Schematic and layout of a single sensor cell are showiggn 1 and 2, respectivelgiming at

a smallsensor pitch wekept the sensocircuit as ample as possibland avoided PMOS
transistors requiring n-wells. The sensor is realigsithg aphotodiode D formed by a n+
diffusion inthe p-substrate. Insual illuminationconditions the generatgghotocurrent is in
the order of pA to nA so thdeedback transistor Q@lwaysoperates in wealaversion and,
therefore, exhibits a logarithmic dependence of ithain-source voltage ) on the
photocurrentd. According to [Vit94] the drain current in weakversion can be approximated

by
V. -V V. V
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with 15 denoting thespecificcurrent of the transistor that is in the orderl60 nA%. For
V, — Vg >> U, the gate potential is then given by:
I
Vg = Vi +NVg +nU ;N II—D = V;, + nVg + nU; In 101log I_D
S S

In a logarithmic representatiahe slope of the abowviinction isabout100mV / decade.
Transistors Q1 (native NMOS/;=-0. 2V ) and Q2 keep the cathode of the photodiode at
approximately constant potential. The voltage across the diode is controlleddgsitiarent
injected fromthe outputiine. This enables photodiode shortircuit operation and, therefore,
yields ashort responséime since no charge has to be transfesatb or fom the diode
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Figure 3: Block diagram of the sensor chip Figure 4: Chip microphotograph

capacitance whethe illumination changes. Transistor Q&nablesthe column select and
conducts the bias current to the output line passing the sensor cell.

3. Readout Electronics

Fig. 3 shows a block diagram tife testchipconsisting ofthe hexagonal sensor array and
dedicated readouglectronics. To avoid using a hexagonal addressing schemdiavee
logically divided the hexagonal samplingrid into two comb-like intermeshed rectangular
subarrays consisting of 32 columns andr@@s each. An advantage thfis concept is the
possibility of addressingnd readingout both subarrays of sensoells in parallel. Random
access to each sensor cell is provided witlooldmn orrow serial scan. Irour preliminary
test system both subarrays are accessed using identical row- and adiim@sses, so that two
diagonally adjacent sensor cells can be read out in parallel.

4. Measurements

Fig. 5 showshe outputvoltage of a single sensor cell vs. timmalized light intensity. It can
be seerthat thedesired logarithmic response characteristic is achitreghore than 6 orders
of magnitude of incoming light intensitfrfhe measurement was carriedt by attenuating a
laser beam with neutral density filters of variable light transmittance.

Fig. 6 showsthe normalized signal amplitude dahe sensorutput vs. thelight intensity
modulation frequency. An attenuation of the sensor output signal of more than 3dB is given for
frequencies above approximately 300 kHz. The characteristic was determined by measuring the
output signal amplitude while modulating the light intensity of a laser beam.

With regard to sensor cell mismatch we found that between the outputs of separateeflensor
there exists @onsiderable voltage offset of up to 60 mV1fX% of thedynamicrange of a
single sensocell. The slope of théogarithmic sensooutputcharacteristic however shows far
better matching properties. Thelative variation ofthe output signabmplitude between
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Figure 5:  Sensor output vs. normalized light Figure 6: Normalized sensor output vs. light
intensity modulation frequency

separate senscells is inthe order obnly 1%. Hence snple offsetcompensatiomaylead to
satisfactory matching properties as they are required for image acquisition tasks.

5. Conclusion

In this paper a new CMO#®nage acquisition system consisting3#x32 random addressable
active sensocells arranged on a hexagorsamplinggrid togetherwith on-chip control and
readoutelectronics has been presented. $hstemsupports the readout eairbitrarily user-
defined subregions. As measurements l@egen, the single sensoells show alogarithmic
outputcharacteristic for more than 6 ordersnedgnitude of incoming light intensitfpue to
short-circuit operation of the photodiode the sensors capable of detectingntensity
modulation frequenciewell above 1 MHz.Sincethe slope of théogarithmic sensooutput
characteristic shows very good matchprgperties thg@roblem of fixedpatternnoisemay be
solved by implementing an offset compensation for each sensor cell.

Number of pixels 32x32 Sensor 3dB-frequency 300kHz
Pixel pitch 38.8um x 33.um Sensor dynamic range 90
Chip area 7mm? (1.510m CMOS) | Sensor offset mismatch | 10%
Power dissipation 5mwW (5V) Sensor gain mismatch 1%

Table 1: Electrical and optical parameters of the sensor chip
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