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Questions 

Q. (R. Chase, LAL, Orsay): I am concerned about the 
splitter, because there you need very good precision, better 
than 0.5%. How do you do that? 

A: The charge packet splitting was demonstrated in thesis 
work in RPI by Bencuya and Steck] (see ref. [8]). Experimen­
tally they showed the splitter is very accurate. Splitting occurs 
due to field oxide or isolation pattern. The accuracy of mask 
making tool is within 0.1 fJ-m. The main cause of noise is a 
ripple at the surface (within the order of kT/q) but also this 
effect is small as one typically operates at 5 or 10 V. 

Q. (E. Gatti, Politecnico Milano): You steer your charges 
with voltages. In a cascade of operations like successive ap­
proximation ADC, you have to look at the result of each of 
your operations and go back from charges to voltages. What is 
the cost of this in terms of power? 

A: The comparator is the biggest user of power on that 
circuit and it is the flip-flop that does the comparison. We 
turn the flip-flop on so that current flows from the positive to 
the negative rail only over a very short time interval. The 
design is such that the current that flows, is enough to charge 
the capacitance of the router stage. It is almost as if we are 
doing it in the charge domain. 

Q. (N. Allinson, York): In the pixel processor it seems to 
me that the communication to the nearest neighbours is not 
symmetrical, while I would think that, if you do a 3 x 3 
convolution you want a symmetric neighbourhood. 

A: It only seems that way, but it works. We can organize 
clocking cycles such that we can transmit in all directions and 
diagonally as well. 

Q. (N. Allinson, York): So the circuit is synchronously 
clocked. How many clock cycles are needed to do a 3 x 3 
convolution? 

A: We are running at 50 ns clock cycles and typically one 
needs 200 operations to process one picture element, so this 
gives 10 fJ-s. The bottleneck is the time to read the information 
out of the array. 

Q. (R. HOlisberger, CERN): Could you explain the princi­
ple of the differencer you mentioned? 

A: We can regenerate exact copies of input signal charges. 
By bringing the charge to be subtracted onto a second gate we 
can generate the difference. There turns out to be good linear­
ity. 

Q. (H. Williams, Univ. Pennsylvania): Does your estima­
tion for power consumption include the power to drive the 
clock lines? The interconnects seem to represent a lot of 
capacitance. 

A: The rough rule of thumb for that is to multiply by 2. 
The buckets are made on a 60 nm thick oxide whereas the Al 
clock lines run over a 1 fJ-m thick oxide. It turns out that the 
total contribution of both is about the same. 

Q. (E. Heijne, CERN): Can the optical coupling you do 
with GaAs also be done with Si? This would be useful to avoid 
problems of clock feed through to neighbouring detectors in 
large experiments. 

A.: It can be done but for a good performance on Si the 
fibers should come in laterally, on the sides of the chip. Such 
techniques are becoming widely used. You can get the speed 
that you need, but you may be limited by the power you can 
burn ir your amplifier, and the capacitance of the light detec­
tor. Please see R. Ade et al. IEEE Trans. Electron Devices 
ED-34 (1987) 1283 and R. Ade et aI., Proc. SPIE 881 (1988) 
199. 

Q. (S. Shapiro, SLAC): What speed can be achieved? 
A: The possible speed is 50 MHz (maybe 100 MHz) and it 

is mainly limited by the detector of the light. One may choose 
different wavelengths, e.g. green for optimal operation. 
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