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HBTs are finding increasing applicaions in
lightwave communicaion, networks, power microwave
systems and wireless communicdion devices. The key
processng steps in the fabricaion of HBTs involve
etching down to the base, sub-colledor layers in order to
deposit ohmic oontads on these layers and device
passvation. While wet chemicd etching has excellent
seledivity for etching one material over another, it is
generally unacceptable for maintaining good pttern
transfer at emitter dimensions below ~ 2 pm, and
increasingly dry etching is being employed, espedally for
manufaduring where yields are aucia. One of the most
attradive plasma demistries for fabricaion of Ill-V
HBTsis based on CH4/H,, which isauniversal etchant for
these materials and has good seledivity for GaAs over
AlGaAs, and InGaAs over AllnAs, at low ion energies.
There ae two concerns with this gas mixture, namely ion-
induced damage and hydrogen passvation of both
accetor and danor dopants within the exposed layer
during etching. Sometimes N, or Ar can be alded into
Cl-based discharges to enhance the dch rates. N, can
incresse the CI” ion densities by increassing the ClI°
disociation from BCl;. Ar is added in the dching
process to enhance the anisotropic eching through ro-
readive ion bombardment during the eching processand
stabili ze plasma. In this gudy, we examined the effed of
ICP N, plasma eposure on the dc charaderistics of
GaAg/AlGaAs HBTs. The plasma exposures simulate a
worst-case for either an etching or a passvation process
because the damage is alowed to be acamulated in our
study, whereas in a red etching or deposition process at
least part of the damaged region is being removed or
passvated, respedively.

The HBTs were exposed to pure N, plasmasin a
Plasma Therm 790 ICP system. The N, flow rate was
held constant at 20 standard cubic centimeter per minute,
with the process presarre varied from 2 m Torr to 5
mTorr. The 1356 MHz power on the sample chuck was
varied from 0 to 300W, and 2 MHz ICP source power
was varied from 200to 15M W. Plasma exposure time
was varied from 20 secto 1 min with GaAs utter rates
of about 250 A/min. The base-colledor reverse
breakdown voltage and current gain were measured on the
90 um diameter large aeadevices.

Figure 1 shows the changes in dc self-bias voltage
on the sample cuck and HBT base-colledor reverse
breskdown voltage vs. the rf chuck power. Under a fixed
ICP source power condition, the dc self-bias voltage is
diredly propartional to rf chuck power, as well astheion
energy. However, base-colledor reverse breskdown
voltage deaeases continually with increasing rf chuck

power. As dc self-bias voltage and hence ion energy
increase, there ae wrrespondingly more surfacedamages
introduced, which causes As preferentiall y to be sputtered
off from GaAs surfaceand leaves a Ga-rich semi-metalli ¢
surface This Ga-rich surfaceleads higher legkage current
and reduces the reverse breakdown voltage.

Figure 2 shows the effeds of ICP power on sample
chuck dc self-bias voltage and baese-colledor reverse
breskdown voltage of HBTs. At low ICP power range,
the ion density is propartional to the ICP power. As the
ion density increased, the damage magnified. A similar
surface dominant damage was ohserved. The base-
colledor junction became le&kier and smaller base
collecor reverse breskdown voltage was observed as the
ICP power increased. However, there was a turnover of
reverse bregkdown voltage obtained when the ICP power
was around 500N. This is due to higher ion density
produced at greder ICP power condition, which
suppresses the dc self-biased voltage and ion energy.
Sincethe ion energy reduced at higher ICP power region,
lessdamage on the HBTs sould be obtained.

The dfeds of plasma exposure time and pressure
on HBTswill be dso presented in the meeting.
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Figure 1. Base-collector reverse breakdown and the
sampl e chuck self-bias voltage as a function of rf chuck
power.
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Figure 2 Base-collector reverse breakdown and the
sample chuck self-bias voltage as a function of ICP
source power.



