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on all but one turned off. This allows 
routing of a charge packet to one of 
several receiving buckets with negligible 
loss in transfer speed. This is a very 
useful task in signal processing circuitry 
and difficult to achieve with conventional 
CCDs. 

CCD BUILDING BLOCKS 

With wire transfer, a building block 
approach to CCD computing circuit design 
becomes feasible. The layout of each 
block begins with a wiring node, input 
diffusion, dual barrier electrodes and a 
receiving bucket. Each block layout ends 
with an output transfer gate, an output 
diffusion, and an output wiring node. 

A simple buffer block has no other 
components in between. (If the barrier 
gates are to be dc biased, another 
electrode is required to prevent backflow 
of signal charge.) 

A router block has two buffer blocks 
connected in parallel, but with 
complementary barrier electrodes such that 
one of the two electrode pairs permits 
charge transfer. In this case the node 
capacitance is somewhat larger and 
transfer speed reduced. 

A splitter block is similar to a 
buffer block, but a field isolation 
pattern forming a split in the channel in 
the transfer direction is utilized to 
split the input charge packet into two 
components. The splitter block thus has 
two output diffusions and wiring nodes. 

A charge input block has no wire 
transfer input node, rather the input 
diffusion is used for fill and spill 
charge packet generation. 

Fig. 2. Photograph showing splitter 
block, buffer and router blocks, and a 
second splitter block. 

A floating gate sense amplifier block 
has a floating gate between input and 
output electrode structures. The voltage 
shift induced on the floating gate can be 
used for a variety of functions including 
output. To improve operation" the 
floating gate is reset prior to charge 
input, and shunted to a second supply 
voltage to eject the charge packet after 
the sense operation is complete. 

CIRCUITS 

Wiring of building blocks should be 
implemented with a minimum of wiring 
capacitance, or with recognition that 
increased capacitance decreases transfer 
speed. Although wire transfer lines can 
cross each other, they should not cross 
clock lines unless shielded to prevent 
clock feedthrough. The blocks can be 
wired together to perform a variety of 
functions. Several CCD circuits have 
designed for 20 nsec clock widths using 
this building block approach. Fabricated 
at a commercial CCD foundry using a 
double-poly, double-metal process, they 
are currently under test in the Columbia 
CCD Laboratory. 

CHAMP 

A test vehicle for exploring theses 
ideas is the CHAMP (charge manipulation 
processor) circuit. This circuit contains 
the blocks described above and includes a 
floating diffusion (destructive) output 
amplifier and a comparator circuit. 4 The 
latter is basically a flip-flop preset 
according to two input charge packets. 
The blocks are connected to a single bus 
line (an analog "unibus") and all signal 
communication takes place over this line. 
Such a circuit is a charge-coupled 
computer. A photo of CHAMP is shown in 
Fig. 3. 

Fig. 3. CHAMP test vehicle. 
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Fig. Sa. Block diagram of IRET unit cell. 

Fig. 5b. Photograph of IRET unit cell. 
Cell size is 360 um x 360 um. 

Fig. 6. Photograph of IRET focal-plane 
image processor chip. Chip size is 
9.4 mm x 9.4 mm and contains 576 pixel 
processors and 2304 photodiodes. 
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