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Figure 1: Lattice contraction versus free hole concentration measured by
Hall effect and fit to theory for 0 and 4% self compensation.

Finally, Figure 2 shows a plot of Hall mobility versus free
carrier concentration for the range of doping measured.
These mobilities are consistent with the highest values
reported in the literature for carbon-doped GaAs indicating
the high material quality obtained with the CBr, dopant
source.
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Figure 2: Hall mobility versus free carrier concentration in C-doped GaAs
layers.

CARBON-DOPED HBTs

Carbon-doped GaAs/AlGaAs HBTs were grown by MBE
with base doping of 5x10" cm™ and 2x10% cm®. The base
thickness was 1000A for the lower doping level and 600A
for the higher. All structures had a graded base-emitter
junction and non-alloyed InGaAs contact layer. Due to
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abrupt doping transients and low diffusion constant of
carbon, no undoped setback layer was needed between the
base and emitter to prevent the carbon from pushing the p/n
junction into the AlGaAs emitter.

From devices with two 3x10 microns® emitters, the DC
common emitter current gain was nominally 100 for the
5%x10" cm™ base doping and 10 for the 2x10*° c¢cm™ base
doping. A full reliability test at 10kA/cm’ collector current
is on-going, but results from an accelerated lifetime test of
the devices with 5x10" cm?® base doping at 50kA/cm’
collector current density shows exceptional reliability. Using
a failure criterion of greater than 10% change in DC Beta, 12
MBE-grown C-doped HBTs were measured at 260°C,
240°C, and 220°C. The extrapolated data, Figure 3, shows a
mean time to failure of 1.6x10” hours at 125°C with an
activation energy of 1.83eV. Further testing is underway and
will be reported at the conference.
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Figure 3: Extrapolated MTTF for MBE-grown C-doped HBTs with 5x10'
cm’ base doping at a collector current density of 50kA/cm?.
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