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Abstract

In this dissertation, copper-metallized GaAs and InP heterojunction bipolar
transistors (HBTs) were studied. The developed copper metallization technology for
HBTs include interconnect copper metallization of InGaP/GaAs HBTs using WNx as
the diffusion barrier, gold-free fully Cu-metallized InGaP/GaAs HBTs, and gold-free
fully Cu-metallized InP HBTs using non-alloyed ‘ohmic and platinum diffusion
barrier.

The WNyx and Cu films were deposited sequentially on the InGaP/GaAs HBT
wafers as the diffusion barrier and interconnect metallization layer respectively using
the sputtering method. As judged from the data of scanning electron microscopy
(SEM), X-ray diffraction (XRD), Auger electron spectroscopy (AES), and sheet
resistance, the Cu/WNx/SiN and Cu/WNx/Au structures were very stable up to 550°C
and 400°C annealing, respectively. Current accelerated stress test was conducted on
the Cu/ WNx metallized HBTs with Vce=2 V, Jc=140 kA/cm? and stressed for 55
hours, the current gain (B) of these HBTs showed no degradation and was still higher
than 100 after the stress test. The Cu/ WNx metallized HBTs were also thermally
annealed at 250°C for 25 hours and showed no degradation in the device

characteristics after the annealing.



Gold-free, fully Cu-metallized InGaP/GaAs HBTs using platinum as the
diffusion barrier have also been successfully fabricated. The gold free HBTs use
Pd/Ge and Pt/Ti/Pt/Cu as n*-type and p*-type ohmic contact metals, respectively, and
use Ti/Pt/Cu as interconnect metals with platinum as the diffusion barrier. The
Ti/Pt/Cu structure was stable after annealing up to 350°C as judged from the XRD
and the sheet resistance data. A current-accelerated stress test was conducted on the
device with a current density Jc=140 kA/cm? for 24 h, the current gain of the device
showed no degradation after the stress. The devices were also thermally annealed at
250°C for 24 h and showed little change.

In addition, gold-free, fully Cu-metallized InP HBTs using non-alloyed Ti/Pt/Cu
and Pt/Ti/Pt/Cu ohmic contacts and platinum diffusion barrier have been successfully
fabricated. The InGaAs/Ti/Pt/Cu_ohmic structure.used in this study was very stable
after annealing up to 350 °C .as judged: from- the Auger depth profiles. A
current-accelerated stress test was conducted-on the device with a current density
Jc=80 kA/cm? for 24 hours, and the current-gain showed no degradation after the
current stress. The devices were also thermally annealed at 200°C for 3 hours and
showed almost no change in the electrical parameters after the heat treatment. Overall,
we have successful developed the copper metallization process for the GaAs and InP
HBTs and have reported for the first time the fabrication and electrical performance of

the Cu-metallized GaAs and InP HBTSs.
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