
As expected, degradation of the CTE was 
observed at clock frequencies lower than 20 MHz 
due to the dark current [6] and clock swings lower 
than 6 volts. The CTE dependence on clock 
frequency and clock voltage swing is shown in Fig. 5 
and Fig. 6, respectively. Cooling the device at low 
frequency (16 MHz) improves the CTE, as shown in 
Fig. 7, confirming that the low frequency operation 
of this device is limited by gate leakage current. 
Experiment shows that a minimum 6 volt clock swing 
is required to stretch the I volt potential barrier 
induced by the recess. 
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Fig. 7. Operation of the CCO delay line at 
16 MHz clock frequency. a) Before 
cooling. b) After cooling. 

DISCUSSION 

A resistive-gate two-phase 20EG CCO' has 
been fabricated, demonstrating a high CTE (0.9993) 
and a large charge handling capacity (3.0 million 
electrons/pixel). The major obstacle facing the device 
is gate leakage current, which appears as dark 
current. While cooling the CCO to 65 K in an IR 
focal-plane will diminish the dark current, further 
reduction is anticipated by utilizing a planar-doped 
structure, as demonstrated previously [4,5], or a p-i-n 
gate structure. According to our gate leakage current 
model, the latter will have dark current reduced by 
more than 5 orders of magnitude at room 
temperature and more at lower temperatures, 
implying an extension of the low frequency operating 
limit by similar factors. The effect of potential 
barrier height and electrode spacings on the minimum 
clock swing and charge handling capacity is currently 
being examined. 
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Subsequent monolithic integration of this device 
with advanced IIJ-V IR detectors such as multiple 
quantum well (MQW), heterojunction internal 
photoemission (HIP), and resonant tunneling structure 
detectors is anticipated. 
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