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Abstract

An analog-to-digital converter (ADC) with a medium sampling
100 MS/s) and a medium resolution (8~12 bit)
is a necessary building block for 802.11/a/b/g/n wireless

rate (10~

networks and digital TV applications where pipelined ADCs
are extensively used. However, the pipelined architecture
requires several operational amplifiers, which results in large
power dissipation. Moreover, the restrictions for advanced
CMOS processes make high performance amplifier design
challenging. However, in successive-approximation register
(SAR) architectures, the conversion time and power dissipation
become smaller with the advancement of CMOS technologies.
Since SAR ADCs take advantage of technological progress,
power- and area-efficient SAR ADCs can possibly replace
pipelined ADCs in nanometer scaled CMOS processes. In
this work, several circuit design techniques for SAR ADCs are
proposed. According to the measurement results of the proof-
of-concept prototypes, the proposed techniques are able to
improve the operating speed and achieve excellent energy
efficiency. The proposed techniques and chip measurement
results are sketched as follows:

The first technique is a monotonic capacitor switching
procedure. Compared to the conventional procedure, the
average switching energy and total sampling capacitance
are reduced by about 81.3% and 50%, respectively. A 10-bit,
50-MS/s SAR ADC with the proposed switching procedure is
implemented in a 0.13-um CMOS technology. The prototype
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ADC consumes 0.826 mW from a 1.2-V supply and achieves an
ENOB of 9.18 bit. The resultant FOM is 29 fJ/conversion-step.
The second technique is a binary-scaled error compensation
method. In a medium-to-high resolution case, the DAC
settling issue limits the operating speed of a SAR ADC,
because the capacitive DAC is not easy to stabilize in a short
time interval. We insert extra binary-scaled compensation
bits to compensate the DAC settling error. Accordingly, the
comparator can do comparison before the DAC is well-
settled, and the operating speed can be improved. A 10-bit,
100-MS/s SAR ADC using the proposed binary-scaled error
compensation method is implemented in a 65 nm 1P6M
CMOS technology. The prototype ADC consumes 1.13 mW
from a 1.2-V supply and achieves an ENOB of 9.51 bit. The
resultant FOM is 15.5 fJ/conversion-step.

The third technique is a capacitor switching method that
using a variable window function to reduce the unnecessary
switching in DAC network. This method saves 40~45%
switching energy. Combined with the first technique, the
average switching energy is reduced about 90% than the
conventional one. In addition, this technique improves static
and dynamic performance of SAR ADC. A 10-bit, 10-MS/s SAR
ADC using this method is implemented in a 0.18-um CMOS
technology. The prototype ADC consumes 98 pW from a
1-V supply and achieves an excellent ENOB of 9.83 bit. The

resultant FOM is only 11 fJ/conversion-step.



