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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) Si 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
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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 all fundamental
technologies for the design of
high-performance integrated circuits,
especially 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
Circuits, Interfaces, CMOS.
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The RF MOSFETSs using 0.18 and 0.13
um technology nodes are studied in this work.
In additional to the low resistance silicide gate
technology, the multi-fingered gate layout can
further reduce the gate resistance by
connecting in parallel. The finger width is 5
pum and the finger number is ranged from 20 to
70 at an increment of 10. The devices are
characterized by DC [I-V and 2-port
S-parameters using HP8510C network analyzer
from 300 MHz to 30 GHz. Then regular
de-embedding procedure is followed to
eliminate the parasitic effect of probe pad. The
NFmin 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. The extraction of
dominate RF noise sources were 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.

The measured NFmin shows a general
trend of decreasing RF noise with increasing
the gate finger for MOSFETs in both
technology nodes. A small NFmin of 0.93 dB
is measured at 5.8 GHz using 50 gate fingers in
0.18 um case, which shows the excellent noise
performance at such high frequency and can be
used for wireless LAN application. However,
the NFmin increases by ~0.2 dB as scaling
down from 0.18 to 0.13 um technology node,
which is opposite to the scaling trend. In
addition, an abnormal increase of NFmin is
observed as gate fingers increasing >50 in
0.18um case.

A decreasing trend of associated gain with



increasing gate finger is measured for both
MOSFETSs using 0.18 and 0.13 um technology
nodes. Although the decreasing RF noise is
achieved by decreasing Rg-ngs using parallel
gate fingers, the increasing finger number also
increases the undesired Cgd that decreases the
associated gain.

The scaling from 0.18 to 0.13 pm
technology improves the fr to ~100 GHz that
shows the good device performance. It is
noticed that the fr decreases as increasing the
number of gate fingers. The increasing finger
number improves the RF noise but also
increases the parallel Cgd that decreases the fr.

To further analyze the RF noise, we have
developed a self-consistent model for both
S-parameter and NFmin.  Good matching
between measured and modeled S-parameters
and DC I-V (not shown) are obtained for RF
MOSFETSs in 0.13 pum nodes with the smallest
20 and largest 70 gate fingers. The good
agreement between measured and modeled
data is also obtained in other gate fingers of
MOSFETs using both 0.13 and 0.18 pm
technologies. Using the same model, we have
further simulated the NFmin self-consistently
with S-parameter and DC I-V. The Rg-ngs
generates the dominate thermal noise in RF
MOSFETSs, which decreases as increasing
parallel finger numbers. The Rg-ngs also
increases with decreasing gate length from
0.18 to 0.13 pm nodes, which explains the
abnormal increasing NFmin and opposites to the
scaling trend. The next important noise source
is from the shunt pass of Zg-sub. The
increasing Zg-sub with increasing parallel gate
fingers in 0.18 um case fits well the abnormal
increasing NFmin when gate finger > 50. The
Zg-sub represents the RF signal loss to shunt
pass to ground, which has been identified as
the primary RF technology challenge for
circuits on current VLSI technology using low
resistivity Si substrates.
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A  time-interleaved  analog-to-digital
converter (ADC) has been studied for
high-speed high-resolution applications. The
ADC uses M identical N-bit ADCs operating
in parallel at f/M clock rate to achieve an
equivalent f; sampling rate and N-bit resolution.
For this project, N will be larger than 14, and f;
will be more than 100 MHz. A single input
sample-and-hold amplifier (SHA) is preferred
to avoid the potential sampling phase offset if
M distributed SHAs are used instead.  The
design of the input SHA is crucial, since it
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operates at sampling rate and needs to have
N-bit resolution. The effects of the gain and
offset mismatches among the sub-ADCs can be
eliminated through calibration.

A high-speed high-resolution SHA is
designed for time-interleaved ADC
applications. Using the techniques of
precharging and output capacitor coupling can
mitigate the stringent performance
requirements for the opamp, resulting in low
power dissipation. Implemented in a
standard 0.25 um CMOS technology, the SHA
achieves 80 dB spurious-free dynamic range
(SFDR) for a 1.8 Vpp output at 100 MHz
Nyquist sampling rate. The SHA occupies a
die area of 0.44 mm? and dissipates 33 mW
from a single 2.5 V supply.

A pipelined ADC has been designed. It
consists of a front-end sample-and-hold
amplifier  (SHA), 17 radix-2  1.5-bit
switched-capacitor (SC) pipeline stages, and a
final 2-bit flash stage. It is known that gain
errors caused by capacitor mismatches and
opamp’s finite gain in the pipeline stages can
results in nonlinear A/D conversion for the
entire pipeline.  Calibration is required to
achieve A/D resolution of more than 10 bits.
A new background calibration scheme has
been developed which can to measure and
quantize the gain error of pipeline stages
without interrupting the normal A/D operation.
A pseudo random signal is injected into the
pipeline stage. The exact value of its voltage
gain can then be obtained by extracting the
random signal from the ADC’s output code.
Using this scheme, the procedures for
calibration and A/D conversion can be
performed simultaneously without interrupting
each other. An experimental ADC prototype
was fabricated in a 0.25 um 1P5M CMOS
technology with MIM capacitors. Chip area
is 3.8x3.6 mm?.  Operating at 40 MS/s
sampling rate under a single 2.5 V supply, the
analog block consumes a total of 350 mW of
power, while the digital block consumes only
20 mW. Operating at 40 MS/s sampling rate,
the ADC achieves a
signal-to-noise-plus-distortion ratio (SNDR) of
73.5dB and a  spurious-free-dynamic-range
(SFDR) of 93.3 dB with an 8-MHz sinusoidal
input.
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The primary components of a data link are
the transmitter, receiver, and cable. In the first
year of this research project had designed a
CMOS serial link transmitter and receiver at a
data rate of 480 Mb/s using LVDS (low
voltage differential signal). In the second year,
we had tried to increase the data rate to 1~1.2
Gb/s using TSMC 0.35um 2P4M process with
3.3V supply. Three transmitters were designed,
fabricated and measured. Three receivers were
designed; two were fabricated and measured.

The transmitter with pre-emphasis is
consisted of a PLL, an 8 to 1 data multiplexer,
an 8 to 1 emphasis multiplexer and an
emphasis data driver. With a 31.25 MHz
reference frequency, the PLL can form a
125MHz  output with eight uniformly
distributed phases as clock signals for the
multiplexer. Therefore we can achieve bit
rates of 1 Gb/s. The multiplexer consists of
two stages: a differential input multiplexer and
a source coupled pre-driver. The pre-driver is
composed of a source coupled pair with active
inductive peaking load. The active inductive
peaking load can substantially enhance the
bandwidth of gain stages.

Oversampling receivers in this report uses
3 samples per bit. Each sample is compared
with neighboring samples to indicate whether a
data transition occurs or not. With this
information, the bit value and boundary can be
determined. The receiver consists of
demultiplexing samplers, shift registers, a
control logic circuit, a synchronizer, a phase
shifter, phase selectors, a PLL and two
interface circuits. In order to recover 1.2
Gb/s data input, the PLL output is 600 MHz
with 12 phases outputs, i.e., equivalent to 7.2
GHz resolution. Six phase selectors are used to
select 6 phases out of the 12-phase clocks. The
Sampler produces 6 samples at 600 MHz rate,
i.e, 2 data bits were sampled each time.
Another receiver only samples 1 bit at 600
MHz rate. Therefore, its PLL is working at 1.2
GHz, but only has 6 phase outputs. Only 3
phase selctors are needed. Both circuits are
operating at equivalent frequency of 7.2 GHz,
but the die size of the second one is smaller.
Yet another receiver is designed. It uses



half-rate clock and data recovery circuit. With
input data at 1 Gb/s, the half-rate CDR is
operating at 500 MHz.

Two kinds of LVDS transmitter circuit
with pre-emphasis has been designed and
fabricated in 0.35um 2p4M CMOS process.
The pseudo differential transmitter is verified
to perform at 1.2 Gb/s with 3.3V supply. The
true differential data driver also worked at 1.2
Gb/s, but the transmitter has serious jitter. It
may be from the PLL and the MUX circuit.
Two oversampling receivers were fabricated.
The bit error rate of the 2-bit over-sampling
receiver is quite high. The 1-bit over-sampling
receiver’s PLL does not work properly. A new
round the receiver will be design in next year.
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