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Abstract— Silicon-On-Insulator (SOIl) technologies have re- available. In an SOI process, active metal-oxide-semiaota
cently attracted interest in the development of next-genation (MOS) devices and other passive devices are fabricateddn an
hlgh-performan.c.e micro-systems. Thg apsgnce .of Iatch-uphe on the thin layer of silicon.
reduced parasitic capacitance, the circuit isolation and rulti-
threshold devices are just a few of the advantages of this
technology. This article introduces a flavor of SOI called Sicon-
On-Sapphire (SOS), describing the fabrication process, & ad-
vantages for innovative low-power, low-voltage, high-sped micro-
system design. We present the design and development of sale
advanced SOS micro-systems, such as: analog-to-digital roert- P epitaxial layer
ers, monolithic digital isolation buffers, image sensor arays, low- P+ substrate
voltage and low-current detectors, and communication sysims.
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I. INTRODUCTION

Silicon-on-insulator technology is a key player in the
manufacturing of the next generation of high-speed, high-
performance microprocessors and radio frequency communi- iselation
cation circuits. The SOI technology allows for higher-gbee Insulating Sapphire Substrate
circuits and microprocessors while, at the same time, lmger Peregrine SOS Process
the power demands of these high-performance components.
IBM was one of the first companies to use SOI to fabricate
microprocessors [1]. Laboratory testing shows that SGkHa
processors feature a 20-25% speed advantage and an average S A . \solation
saving of 40-50% in power consumption when compared
to their bulk CMOS counterparts [2]. The application of [P3 Uil
SOI technologies in radio frequency (RF) circuits has also
increased, due to higher circuit speeds, lower power copsum

tion, enhanced circuits insulation, and increased perdoca
of passive components [3] Fig. 1. Comparison of the CMOS wafer cross-section (top)S&$ CMOS

. . . wafer (middle) and an SOl CMOS wafer (bottom). The circuiteiach of
This paper introduces the use of SOI technology for highyese f:mss_sgcﬁons is 2 CMOS inverter ([g])‘ )

performance mixed-signal micro-systems. The examples re-
ported show that SOl analog and mixed-signal circuits canln SOS, a thin layer of silicon is grown on top of a sapphire
benefit from the insulating substrate and provide higher peubstrate, as can be seen in Figure 1. In this Figure, the main
formance at lower power draw than similar feature-size bulklifference between bulk CMOS, SOS and SOI are clearly
CMOS processes. The advantages of SOl extend to the casisible. At the top of Figure 1 we report the cross-section
bination of high-performance digital, RF and analog citgui of a typical deep-submicron CMOS process. In this cross-
and thus are the preferential substrate for the design of thection the example circuit is a CMOS inverter. The SOS
next generation of mobile-targeted circuits and systems. process cross-section shows a clear advantage in singplicit
and reduction of fabrication masks needed to design the same
Il. THE SOIPROCESS CMOS inverter circuit. SOS MOSFETs are obtained on a
Silicon-on-insulator is a VLSI fabrication process in whic ultra-thin (100nm) film of silicon grown on top of a sapphire
a thin layer of silicon is deposited on the top of an insulgtinsubstrate. The bottom cross-section of Figure 1 shows the
material ([4]). Silicon-on-sapphire, in which the insitgtma- same CMOS inverter implemented in an SOI process. SOI
terial is synthetic sapphire, was one of the first SOl praeesaises a buried silicon dioxide layer to separate the top thin
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film of silicon and obtain similar benefits and reductionsy deep sub-micron bulk CMOS processes. For this reason
in manufacturing steps that SOS provides. SOS offer thtleey can reduce the cost of mixed-signal micro-systems,
additional advantage of a transparent substrate and highdiile at the same time increasing performance and improving
quality passive components [5]. passive and active components. The insulating and tragispar

substrate provides advantages for creative system design.
I1l. SOS MIXED-SIGNAL MICRO-SYSTEMS
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SOI technologies provide advantages for the design of
analog and mixed-signal micro-systems that are only availa



