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Power density is another issue to be considered. This will 
depend on the average amount of charge transferred during 
each clock cycle. A bucket with 107 carriers, which is, on 
average, half full, will dissipate approximately 8 pJ per 
transfer if the bucket potential changes by 10 V. If each 
arithmetic function requires 25 transfers and if 500 opera­
tions are performed, then 100 nJ are dissipated in the 
semiconductor to process one pixel. For 5000 pixels per 
frame, 1 mJ is consumed per frame. Thus, at 100 Hz, 50 
mW of power is dissipated, and power consumption will not 
be a problem in most applications. It should not be 
overlooked that 5000 pixels are being preprocessed at 100 
Hz, corresponding to 250 x 106 operations per second, at a 
cost of 50 mW. 

Noise in charge-coupled-computing circuits should not be 
a problem since the number of noise-generated carriers is ex­
pected to be smaller than the number of error carriers in­
troduced by circuit inaccuracy. (The impact of predictable 
circuit inaccuracy is an interesting but unexplored issue. *) 
The noise floor can be expected to be dominated by kTC 
noise for 3-D coupled circuits with otherwise good charge­
transfer efficiency. If the minimum resolvable charge packet 
Qrnin is defined as ACoxVir, where A is the electrode area, 
Cox is the specific oxide capacitance, V is the bucket depth in 
volts, and r is the resolution of the circuit, then the 
minimum resolvable charge packet is equal to the root­
mean-square number of noise carriers, (kTCIq2) v,, when the 
electrode area is reduced to a critical area A given by Aer , er 
= kTr2/CoxV2. This critical area is significantly smaller 
than those envisioned in scaled charge-coupled-computing 
circuits. For example, with r = 256, a 100 Aoxide, and a 1 
V bucket, the critical electrode size is approximately 0.25 1tm 
x 0.25 1tm and Qrnin/q is 7 carriers. During operation, kTC 
noise will be additive, but the number of operations required 
to build up noise equal to Qrnin is equal to AIAer and is larger 
than the number of operations per pixel per frame an­
ticipated for charge-coupled-computing applications. For 
example, for an electrode area of 100 1tm2, r = 256, a 250 A 
oxide, and a 5 V bucket, Qrnin/q is 16,800 carriers and the 
critical number of operations is 12,700. 

Encouraged by this analysis, we are currently designing 
and fabricating a modest array of charge-coupled computers 
for image plane preprocessing experiments. 

5. CONCLUSIONS 

A new class of CCDs that perform arithmetic and logic 
functions in the analog charge domain has been described. 
A prototype charge-coupled computer employing these cir­
cuits has been designed, fabricated, and tested. The results 
of experimental and theoretical studies indicate that it is 
feasible to put an array of these simple computers on the im­
age plane to perform image preprocessing functions in a 
spatially parallel way. 
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