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Abstract

Heterojunction bipolar transistors (HBT) based on SiGeC havebeen
investigated. Two high-frequency architectures have beendesigned, fabricated
and characterized. Different collectordesigns were applied either by using
selective epitaxial growthdoped with phosphorous or by non-selective epitaxial
growthdoped with arsenic. Both designs have a non-selectivelydeposited SiGeC
base doped with boron and a poly-crystallineemitter doped with phosphorous.

Selective epitaxial growth of the collector layer has beendeveloped by
using a reduced pressure chemical vapor deposition(RPCVD) technique.
The incorporation of phosphorous and defectformation during selective
deposition of these layers has beenstudied. A major problem of phosphorous-
doping during selectiveepitaxy is segregation. Different methods, e.g. chemical
orthermal oxidation, are shown to efficiently remove thesegregated dopants.
Chemical-mechanical polishing (CMP) hasalso been used as an alternative
to solve this problem. The CMPstep was successfully integrated in the HBT
process flow.

Epitaxial growth of Si1-x-yGexCy layers for base layerapplications in bipolar
transistors has been investigated indetail. The optimization of the growth
parameters has beenperformed in order to incorporate carbon substitutionally
inthe SiGe matrix without increasing the defect density in theepitaxial layers.

The thermal stability of npn SiGe-based heterojunctionstructures has been
investigated. The influence of thediffusion of dopants in SiGe or in adjacent
layers on thethermal stability of the structure has also been discussed.

SiGeC-based transistors with both non-selectively depositedcollector and
selectively grown collector have been fabricatedand electrically characterized.
The fabricated transistorsexhibit electrostatic current gain values in the range
of 1000-2000. The cut-off frequency and maximum oscillation frequencyvary
from 40-80 GHz and 15-30 GHz, respectively, depending onthe lateral design.
The leakage current was investigated usinga selectively deposited collector
design and possible causesfor leakage has been discussed. Solutions for
decreasing thejunction leakage are proposed.
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