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Fig. 2. Channel potential distribution of a
resistive-gate two-phase 2DEG CCD with
different clock bias levels (I = 2um,
SI = I.5um, S2 = 6.5 um).

The material was grown at Columbia
University with a Varian Gen-II molecular beam
epitaxy (MBE) system on a <100> semi-insulating
GaAs substrate. The structure, from bottom to top,
consists of a AlGaAs/GaAs superlattice buffer,
a 8000 A thick undoped GaAs layer, a 30 A thick
undoped AlGaAs layer a 350 A thick AlGaAs layer
doped with 3. 6x10" /cm Si atoms, and a 300 A thick
GaAs cap layer doped with 4.0x10' /cm Si atoms.

After a 700 A deep mesa etch, AuGe ohmic
contacts were formed and annealed at 425 °C for
45 sec under a forming gas ambient. Using the
AuGe ohmic contact pattern as a mask the 300 A
GaAs cap layer and 100 A of the n "_AlGaAs layer
were etched. A photolithography for first
metallization was done and followed by a 100 A
deep recess of the n "_AlGaAs layer to achieve a
pixel isolation. The first Cr(35 A)/Au(300 A)
metallization was done by e-beam and filament
evaporations, respectively, self-aligned to the recessed
gates to form underlying finger electrodes. A
resistive layer (cermet) was e-beam evaporated on the
CCD channel with an equal weight mixture of Cr
and SiO powder sources [10], forming a Schottky
contact to the underlying n' -AlGaAs layer. The
resistive layer was 4000 A thick with a sheet
resistance of 450 k@/o. A 3500 A thick SiO layer
was e-beam evaporated to serve as an inter-metal
dielectric and lifted-off to form via holes. The
second Cr(35 A)/Au(3000 A) metallization was used
to form overlying finger electrodes and gate electrodes
for the output amplifier. All deposited layers were
defined by a standard lift-off process.

The CCD delay line is composed of 38 stages
with a dual-electrode two-phase clocking scheme
(152 electrodes). The finger electrodes are 2 um long
24 pm wide spaced by S, = [.5 um and
S, = 6.5 um, resulting in a 24 pm by 24 um pixel.
Fig. 3 shows a photograph of the 2DEG CCD delay
line and output amplifier after fabrication.

Fig. 3. Photograph of a resistive-gate two-phase
2DEG CCD after fabrication

EXPERIMENTAL RESULTS

Basic device characterization was performed
before the operation of the CCD delay line. The
potential barrier was measured to be 1 volt,
determined from the pinch-off voltages of a recessed
gate 2DEGFET and an unrecessed counterparti
resulting in _a charge handling capacity of 1.5x10
electrons/cm2 in the channel and thus 3.0 million
electrons in a pixel. The transconductance of a
1.5 um gate 2DEGFET was measured to be
100 mS/mm.

The operation of the CCD delay line was
performed at clock frequencies up to 26 MHz which
was the maximum available with the low frequency
test station. The highest CTE obtained was 0.9993
at 26 MHz. Input and output waveforms of the
CCD delay line with a 7.5 volt clock swing at this
frequency is shown in Fig. 4.
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Fig. 4. Waveforms of the 38-stage CCD delay
line operated at 26 MHz clock frequency
with 7.5 volt clock swing. Upper
waveform is the electrical input, middle
is the clock signal, and lower is the
delayed output signal.
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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 wolts. 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 1 volt potential barrier
induced by the recess.
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Fig. 5. Charge transfer efficiency vs. clock
frequency at room temperature and Fig. 7.

Operation of the CCD delay line at
lower temperature.

16 MHz clock frequency. a) Before
cooling. b) After cooling.

1.000 —
el 0 DISCUSSION

A resistive-gate two-phase 2DEG CCD -has
7] been fabricated, demonstrating a high CTE (0.9993)
S and a large charge handling capacity (3.0 million

:J_J . electrons/pixel). The major obstacle facing the device
&) i Two Phase is gate leakage current, which appears as dark
i 38 Stages current. While cooling the CCD to 65 K in an IR

i £ = 25 MHz focal-plane will diminish the dark current, further

ck reduction is anticipated by utilizing a planar-doped

7 Room Temperature structure, as demonstrated previously [4,5], or a p-i-n

0.900 — gate structure. According to our gate leakage current
' ' ' ' : model, the latter will have dark current reduced by

4 5 6 more than 5 orders of magnitude at room

Clock Swing (V) temperature and more at lower temperatures,

implying an extension of the low frequency operating

Fig. 6. Charge transfer efficiency vs. clock limit by similar factors. The effect of potential

: barrier height and electrode spacings on the minimum
ol ot s ehon e s clock swing and charge handling capacity is currently
25 MHz. : ;
being examined.

11.4.3

IEDM 90-269



Subsequent monolithic integration of this device
with advanced I11-V IR detectors such as multiple
quantum well (MQW), heterojunction internal
photoemission (HIP), and resonant tunneling structure
detectors is anticipated.
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