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Fig. I. (a) Programmable multiresolulion CMOS active pixel sensor archi­
tecture and (b) example of column's functional configuration for 3 x 3 block 
averaging. (Actual neighborhood size is programmable.) 
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Fig. 2. Sensor X-Y addressability and multiresolution readout allows the 
user to zoom into an area of interest with increased resolution. 

ricated chip. Finally, applications of the sensor are discussed 
in Section IV. 

II. DESIGN AND OPERATION 

A. Design Overview 

The sensor contains a 128 x 128 photogate pixel array sim­
ilar !o previous APS arrays demonstrated at the Jet Propulsion 
LaboralOry (JPU [6J-[ 10]. At the boltom .; . lch column in 
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Fig. 3. Multiresolution image sensor block diagram. 
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Fig. 4. Ideal switch and capacitor model for six columns configured for 3 
x 3 block averaging. 

the array is a network of capacitors to store pixel reset and 
signal levels. The column circuitry also contains an additional 
capacitor and a set of switches to the aci.iacent column to 
perform averaging on any size square array of pixels called 
a kernel (rectangular kernels are also possible). Resolution of 
the sensor is set by the size of the kernel. Large kernels sizes 
are set for low resolution imaging requirements. The X - Y 
addressability of the sensor allows the user to zoom into areas 
of interest. 

Fig. 3 shows a block diagram of the sensor~ A decoder at 
the side of the array selects a row of pixels for readout. Each 
pixel is controlled by a photogate signal enabling readout 
of integrated charge, a reset signal, and select signal to 
enable the buffered pixel data to drive the column output 
line. Column parallel circuitry at the bottom of the array 
samples the addressed row of pixel data simultaneously. The 
kernel size determines how a set of shift registers in the 
column circuits are configured. These shift registers control 
how the columns containing stored' _" :.,.. ~':J are l·... :-raged 
and where the averaged row d:.:(a IS stort:d for ,ubseql;en! 
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Fig. 5. Multiresolution column processing circuilIy for three columns. 

processing. A second decoder at the bottom of the array 
controls which columns containing the processed data are 
read out. The sensor's differential output circuitry performs 
correlated double sampling (CDS) to suppress pixel kTC noise, 
1/f noise, and fixed pattern noise. 

Row pixel data is read onto a column averaging capacitor 
with switches to its neighboring columns that are subse­
quently enabled resulting in averaged column data for that 
row (Fig. 4). Averaged column data for that row is stored on a 
second bank of capacitors in one of the columns of the kernel. 
Data from successively read out rows is stored in each of the 
remaining columns in the kernel. Shift registers in the readout 
circuitry are configured according to kernel size to determine 
which switches are enabled to perform averaging and where 
the averaged column data is stored. 

Once all n rows of the kernel are read, they are averaged 
by connecting the second bank of capacitors together and 
mixing the charge. A shift register configured to enable dummy 
switches to correct for switch feedthrough effects is also 
included. Both reset and signal levels are processed for a kernel 
so that correlated double sampling and double-delta sampling 
operations can be performed. 

Operation will be illustrated by stepping through the se­
quence tor 3 x 3 block (kernel) averaging (Fig. 4). In this 
case, every third column Jverage (CA) switch is open (i.e., 

T2 T3 T4 

deselected, denoted by bit 0 over the switch), while the 
other switches are closed (i.e., selected, denoted by bit I 
over the switch). Pixel signals are sampled onto the column 
averaging capacitors by globally pulsing (closing) the signal 
select switches (S). Charge redistributes such that the voltage 
on each capacitor in each block of three capacitors Vi..ker is 
the same such that 

1 n 

Vi..ker = - L Vj-k
n 

k=l 

where n is the horizontal size (number of columns) of the 
block average (kernel), Vj-k the pixel voltage value of the 
(j-k)th column, and Vi_ker is the average value for the ith 
row in the kernel. These kernel row averages are then sampled 
onto the first capacitor in the n-capacitor block of the row 
averaging bank of capacitors. Column averaging is repeated 
with the next pixel row (i + 1) and these new V(i+l>_ker 
kernel averages are sampled onto the second capacitor in the n­
capacitor blocks of the row averaging bank of capacitors. The 
process is repeated until all n rows have been processed and 
n samples have been collected in n adjacent capacitors in the 
row averaging bank. The temporal switching sequence (digital 
pattern) is shown for the 3 x 3 kernel case (Fig. 5). After 
the n-samples (Vi, Vi+l' '.', Vi+(n-l)) have been collected, 
charge is redistributed by pulsing the row averaging \RA) 
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Fig. 6. Transistor-level schematic of column circuit. Capacitors are poly-diffusion linear capacitors. 

Fig. 7. Sensor's full resolution image (128 x 128). 

switches with the same pattern used for the column averaging 
switches, resulting in the final block average 

111 

Vker = 4~ Vder 

i=l 

where m is the vertical size (number of rows) in the kernel. 
The constant facto, vi' 1/2 arises from charge sharing between 
the column and row averaging capacitors when the column 
average is sampled onto the row averaging capacitor. Thus, 

(a) (b) 

Fig. 8. (a) 4 x 4 block averaged time and (b) 114 subsarnpled image (no 
averaging). 

for the first 3 x 3 kernel 

VkerO = 1/2{1/3[1/3(Vo,o + Vo, I + VO,2) 

+ 1/3(Vl,O + VI, I + VI, 2) 

+ 1/3(V2,o + V2 , I + V2 , 2)]}. 

These kernel values are then scanned out of the array by 
reading out every nth capacitor in the row average bank. The 
row averaging capacitors are then reset (circuitry not shown) 
and the process is repeated to generate the next row of kernels. 

Note that in the configuration described above, kernels must 
be either square or rectangular, where the number of rows must 
be less than or equal to the number of columns. 

B. Column Processing Circuitry 

Shown in Fig. 5 is the actual column parallel circuitry 
for three columns. There is one bank of column averaging 
capacitors and two banks of row averaging capacitors (rather 
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Fig. 9. (a) Full resolution sensor oUtpUl for one row of pixels and (b) 4 x 4 kernel output from sample image. 

than the single bank shown in Fig. 4). One bank stores onto row averaging capacitor), and VR (sample reset onto row 
the row average pixel reset levels, and the other stores the averaging capacitor). Each of these global signals is gated with 
row average pixel signal levels in order to perform on-chip the output of one of the two configuration shift registers. The 
double correlated sampling. The column averaging bank is CA and RA signal are gated with the output of the same shift 
used sequentially to horizontally average together the kernel register (CARA shift register). The VS and VR signals are 
row reset levels followed by the signal levels. The kernel gated with the output of the second shift register (VSVR shift 
reset switch to ground is shown as well as the column buffer register). 
amplifier for generating VoutR and VoutS. The buffer amplifier The transistor-level schematic of the column circuit is 
is only enabled when the column is selected for readout. shown in Fig. 6. The signals CAi • RAi , VS i • and VRi are the 

The digital patterns shown are an example of the timing for outputs from the corresponding global signals gated with the 
a 3 x 3 kernel. They are generated by gating the output of shift register output bit for that column. The buffer amplifier 
the configuration shift registers and the timifJg sig:1als sho"""1 is a p-channel source follower. The CB signal is part of the 
in Fig. 5. The ;lobal timing signals are CA (c~J.bje column louble delta sampling readout scheme as reported in (9] used 
averasing), RA (enable row av~·:.ging). VS (sample ~ignal to r -.duce column fixed-pattern noise. 
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