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Abstract

This project combines the resources of several researchers to investigate the
mixed-signal integrated circuit design techniques, so as to promote the government
policy and satisfy the industry’s need. There are 6 projects in this combined effort:
(1)) S RF Device Modeling and Technology; (2) Development of On-Chip ESD
Protection Technique for GHz RF Circuits and High-Speed Mixed-Voltage Interface
Circuits; (3) The Design and Integration of Key Component ICs for 5 GHz High
Performance Wireless Communication System; (4) High-Performance Analog-Digital
Interface Integrated Circuits; (5) The Design and Testing of High Performance LVDS
Transceiver; and (6) Analog Front-End Integrated Circuits for Optical-Fiber
Transmission. Project 1 will build the high-frequency models for active and passive



components suitable for circuit design and simulation. Project 2 investigates the
reliable interfaces between chips and circuit boards. Project 3 investigates the
interface circuits between wireless electro-magnetic waves and the analog domain.
Project 4 investigates the interface circuits between the analog and the digital domains.
Project 5 investigates the chip-to-chip digital interfaces. Project 6 investigates the
interfaces between the optical-fiber light signals and the digital domain. The topics
are al fundamental technologies for the design of high-performance integrated
circuits, especialy for wireless and optical fiber communications. In addition, the
participated personnel will be trained to satisfy the need of the IC design industry.
Key Words: Mixed-Signal Integrated Circuits, Interfaces, CMOS.
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Multi-fingered layout of 0.18 um MOSFETSs are used in this study. To achieve
alow gate resistance, a silicide gate technology is applied. The finger width is 5um
and the finger number is ranged from 20 to 70 at an increment of 10. The
multi-fingered structure with a small finger width enables us to reduce both the DC
silicide gate resistance and the RF non-quasi-static gate resistance. The devices are
first characterized by DC |-V and reliability test. Then standard 2-port S-parameters
are measured using HP8510B network analyzer and on-wafer probes and
de-embedded from the probe pad. The NF,, and associate gain are measured using
standard ATN-NP5B Noise Parameter Extraction System up to 7.2 GHz that covers
the most important frequency range for wireless communication. Numerica
simulation was performed by using an equivalent circuit model of intrinsic MOSFET
with additional terminal resistance and shunt pass to ground at both input and output
ports. To avoid non-physically based data in the equivalent circuit model, DC and low
frequency data are measured and referred in circuit model.

Strong dependence of finger number on minimum noise figure (NFmin) IS
observed in 0.18um MOSFETs. A lowest NFy,, of 0.93 dB is measured at 5.8 GHz
using 50 fingers but increases as either increasing or decreasing finger number. We
have used a self-consistent S-parameter and NF,, model to analysis this abnormal
finger number dependence, and the reason is due to the combined effect of reducing
gate resistance and increasing substrate 10ss as increasing finger number.

The noise in the MOSFET is dominated by gate input terminal before amplified
to drain output termina. However, the influence of drain terminal becomes
important at large gate fingers because of the increasing reverse feedback. Therefore,
the therma noise from gate resistance (Rg) is the primary noise source in the



MOSFET. This also explains the reduced NF,, as increasing gate fingers less than
50. The reason why increasing NF;i, as increasing gate fingers above 50 is due to
the increasing shunt substrate loss to ground as evidenced from the decreasing Rg-sub
and increasing Cg-sub. From above discussion, further scaling down the gate length
beyond 0.18um will be probably unable to further reduce the RF noise, because of the
increasing Rg by a smaller gate area, the existing same shunt substrate loss, and the
increasing reverse feedback from output terminal (short channel effect).
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