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Abstract
The increasing digitalization in all spheres of electronics applications, from telecom-
munications systems to consumer electronics appliances, requires analog-to-digital
converters (ADCs) with a higher sampling rate, higher resolution, and lower power
consumption. The evolution of integrated circuit technologies partially helps in meet-
ing these requirements by providing faster devices and allowing for the realization
of more complex functions in a given silicon area, but simultaneously it brings new
challenges, the most important of which is the decreasing supply voltage.
Based on the switched capacitor (SC) technique, the pipelined architecture has
most successfully exploited the features of CMOS technology in realizing high-speed
high-resolution ADCs. An analysis of the effects of the supply voltage and technology
scaling on SC circuits is carried out, and it shows that beneﬁts can be expected at
least for the next few technology generations. The operational ampliﬁer is a central
building block in SC circuits, and thus a comparison of the topologies and their low
voltage capabilities is presented.
It is well-known that the SC technique in its standard form is not suitable for
very low supply voltages, mainly because of insufﬁcient switch control voltage. Two
low-voltage modiﬁcations are investigated: switch bootstrapping and the switched
opamp (SO) technique. Improved circuit structures are proposed for both. Two ADC
prototypes using the SO technique are presented, while bootstrapped switches are
utilized in three other prototypes.
An integral part of an ADC is the front-end sample-and-hold (S/H) circuit. At high
signal frequencies its linearity is predominantly determined by the switches utilized.
A review of S/H architectures is presented, and switch linearization by means of boot-
strapping is studied and applied to two of the prototypes. Another important parameter
is sampling clock jitter, which is analyzed and then minimized with carefully-designed
clock generation and buffering.
The throughput of ADCs can be increased by using parallelism. This is demon-




 
ii
strated on the circuit level with the double-sampling technique, which is applied to
S/H circuits and a pipelined ADC. An analysis of nonidealities in double-sampling
is presented. At the system level parallelism is utilized in a time-interleaved ADC.
The mismatch of parallel signal paths produces errors, for the elimination of which a
timing skew insensitive sampling circuit and a digital offset calibration are developed.
A total of seven prototypes are presented: two double-sampled S/H circuits, a
time-interleaved ADC, an IF-sampling self-calibrated pipelined ADC, a current steer-
ing DAC with a deglitcher, and two pipelined ADCs employing the SO technique.
Keywords: analog integrated circuit, analog-to-digital conversion, BiCMOS, boot-
strapped switch, CMOS, double-sampling, IF-sampling, low voltage, operational am-
pliﬁer, pipelined analog-to-digital converter, sample-and-hold circuit, switched-capac-
itor, switched-opamp, time interleaving.
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The greater becomes the volume of our sphere of knowledge, the greater
also becomes its surface of contact with the unknown.
Jules Sagret
The above quote was printed in a yellow postcard—an invitation message from the
student union—attached to the letter announcing my acceptance to the university in
1992. These ten years have really revealed me the wisdom of those words.
The research reported in this thesis has been carried out at Helsinki University of
Technology, Electronic Circuit Design Laboratory between 1997 and 2002. During
that time I have had a privilege of participating the Graduate School in Electronics,
Telecommunications, and Automation (GETA) and working with research projects
funded by Finnish National Technology Agency (TEKES) and Academy of Finland.
I want to express my gratitude to my supervisor professor Kari Halonen, who has
given me the opportunity of working with these interesting projects. The fruits of this
work wouldn’t have been what they are without him pushing the design goals higher
and encouraging to write and submit manuscripts to the topmost academic forums in
this ﬁeld.
I am specially thankful for Lauri Sumanen, who has been my partner in the two-
man core team of Nyquist rate ADC research. His commitment and technical contri-
bution to the projects we have carried out together has been invaluable. The greatest
results of our cooperation are those two prototypes that we managed to publish in
Journal of Solid-State Circuits and International Solid-State Circuits Conference. The
junior team members in these projects, Jussi Pirkkalaniemi and Tuomas Korhonen,
also deserve a mention.
My warmest thanks also go to Marko “Pikkis” Kosunen, with whom I shared an
ofﬁce for six years. Our daily discussions about technical and nontechnical matters is
one of the things I will miss most from the laboratory.
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 北京大学李东风老师讲授《统计软件》（SAS）的课堂讲义。
内容包括SAS/INSIGHT、SAS编程、SAS基本报表图形和基本统计分析。
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 最新qt经典清晰教程，不断更新ing。还另外两本，1《qt设计模式》，地址在http://download.csdn.net/source/2747129
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