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a b s t r a c t

This study focuses on 3-D multilayer monolithic integration of vertical-oriented double-heterojunction
AlGaAs/InGaAs/GaAs based pseudomorphic high electron mobility transistors. The effects of the presence
of 3-D components above the active layer were accomplished by comparing three multilayer fabricated
device of different thickness with a virgin device where the thickness of the 3-D components e.g., both
metal and polyimide layer were varied. The output current, on-state gate leakage, transconductance
are found to be decrease with the increase in thickness of the 3-D components and on the other hand,
the on-state resistance, knee voltage and off-state gate leakage is increased. Lastly, the thermal influences
on the device behaviour such as off-state and on-state gate leakage, barrier inhomogeneities at Schottky
contacts, zero temperature coefficients at the transfer curve, and the threshold voltage as a function of
drain bias were measured and analyzed for the both pre and post fabricated multilayer devices. These
effective comparisons in terms of thickness and temperature of the both device are useful for future
designs and optimizations of multilayer vertical stacked 3-D MMICs.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Three-dimensional multilayer vertical-stacked monolithic
microwave integrated circuits (3-D MMICs) technique is an up-
and-coming device technology to fulfil the demand of current
semiconductor market such as low cost, high integration levels
and high performance, simpler, and more rapid development [1].
A 3-D structure offers several other benefits, including compact-
ness and the isolation of passive components from substrate prop-
erties using the ground plane. Owing to the disadvantages of the
conventional CPW structures includes limited degree of size reduc-
tion, complex circuit designs, grounds must be on either side of the
signal line, very high current density at the signal line edges result-
ing in high conductor losses [2]. The vertical-stacked 3-D MMICs
technology is implemented to overcome this problem, which refers
to structures that are deposited several metal layers are sand-
wiched by insulators in vertical order [3,4]. This is a chip for com-
plicated circuits with large number of active components and

passive components are built on a semi-insulating GaAs substrate.
With multilayer technology, passive components are transformed
from horizontal to vertical plane to create a miniaturised 3-D
structure wafer [5] (see fig. 1). This way reduced the chip size
and production cost without disturbing the devices performance.
An adequate partition between the application circuit process
and the semiconductor active device process are possible and
hence lessen the turnabout time. Compact MMIC components were
fabricated using a seven-layer fabrication procedure on semi-
insulating GaAs substrate with pseudomorphic high electron
mobility transistors (pHEMTs) being pre-fabricated on the top of
it. The integration of active and passive components can be realised
by opening the silicon nitride (Si3N4) windows of the pre-
fabricated (virgin) pHEMTs so that sandwiched layers of metal
and dielectric can be deposited to create multilayer MMICs [6].
Fig. 1 represents the design and fabrication of compact multilayer
CPW components and circuits on semi-insulating GaAs substrate.
3-D MMICs are realised on a semi-insulating GaAs substrate by
stacking two dielectric layers separated by three metal conductor
layers. A number of passive components, such as thin film resistors,
inductors, capacitors and CPW-to-TFMS transitions, were designed
and realised.
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Fig. 1. 3-D multilayer MMICs design, fabrication and realization: (a) active components, (b) layout design and simulation, (c) horizontal to vertical transformation of the
passive components, and (d) multilayer fabrication.
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