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Abstract

This project is to design and realize
several high-speed high-resolution
mixed-signal integrated circuits, using rigorous
design techniques.  Circuits under studied
include programmable-gain amplifiers, filters,
sample-and-hold circuits, analog-to-digital
converters, and frequency synthesizers. The
above circuits can be assembled as the analog
front-ends in the physical-layer receivers for

communications. The specifications for the
circuits are at least 100-MHz signal bandwidth,
100-MHz sampling rate, 86-dB signal-to-noise
ratio, and 14-bit resolution. All circuits will
be realized wusing advanced fabrication
technologies, e.g., 0.18um CMOS. Although
the specifications are not based on any
particular application, they are suitable for
applications such as digital software radios,
base station multi-channel receivers, and future
high-performance base-band receivers.

In addition to the required circuit
innovations, mathematical design
methodologies, such as formularization of
design considerations and global optimization,
will be used to attain best high-speed and
low-noise  performance. The required
linearity and resolution are achieved by using
digital calibration techniques.  Since the
planned circuit performances are beyond the
capabilities of the present-day measurement

instruments, the necessary high-resolution
measurement  techniques will also be
developed.

Key Words: Mixed-Signal Integrated

Circuits, Analog-to-Digital Converters, CMOS.
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A. Analog-to-Digital Converter (ADC)
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Fig. 1: Time-interleaved ADC with single SHA.
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The time-interleaved configuration shown
in Fig. 1 has been studied for high-speed
high-resolution ADCs. 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 fs 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
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.

B. Sample-and-Hold Amplifier (SHA)

Fig. 2 shows the proposed SHA circuit
architecture [1]. Analog switches S11-S14
and additional clock phases, ¢3 and oq,
represent the input demultiplexer of a
time-interleaved ADC system. During the
channel-1 sample mode, ¢; = 1 and ¢3 = 1, the
input buffers B1 and B2 not only drive the Cy;
and Cs, sampling capacitors but also precharge
the opamp's output nodes including C;; and
CrL2.  When switching to the hold mode (¢; =
0), the opamp's outputs can settle to their final
values in a much shorter time period without
slewing due to the precharging. During the
channel-2 sample mode, ¢; = 1 and ¢4 = 1, the
channel-2 capacitive loading of C. 3 and C4 are
precharged alternately.
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Fig 2: Precharged SHA for a 2-path time-interleaved
ADC.

The two output coupling capacitors, Co;
and C,, are added to reduce the switching
errors of S1 and S2. The combination of
output capacitor coupling and precharging also
reduce the opamp's the dc gain and output
voltage swing requirements, so that higher
speed can be achieved.

The schematic of the opamp is shown in
Fig. 3. The telescopic configuration,
consisting of M1-M9, is the most power
efficient for similar speed performance. The
circuit's limited output swing is not a concern
in this precharged SHA application. The
analog switch M10 is added to equalize the
outputs during the sample mode. The
continuous-time output common-mode
feedback (CMFB) is realized using MC1-MCS8.
Due to the opamp's reduced output voltage
swing, the opamp's output common-mode
voltage can be sensed simply by dual
source-coupled  pairs, MC1-MC2 and
MC3-MC4. The input and output
common-mode voltage of the opamp, Vcm and
Vcemo, can be different, and both can be
different from the common-mode voltage of
the SHA's inputs. Realized in a 0.25 um
CMOS technology, the opamp has a dc gain of
63 dB and a differential output swing of 800
mVpp. Its unity-gain frequency is 1.2 GHz
when driving 1.5 pF capacitive loads while
dissipating only 12.5 mW of power.
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Fig 3: SHA operational amplifier circuit schematic.
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Fig 4: SHA chip micrograph.
The SHA is fabricated in a standard 0.25

um CMOS process. Fig. 4 is the chip
micrograph. The active die area is 0.35 mm®.
Operating from a 2.5 V supply, the SHA's total
power dissipation is 33 mW. The SHA can
accommodate output swing as large as 2.7 Vpp
with over 72 dB SFDR at 100 MHz sampling
rate. It achieves 80 dB SFDR at 1.8 Vpp
output.

C. 15-Bit 40 MS/s Pipelined ADC

The pipelined configuration shown in Fig.
5 offers good trade-off among power, speed,
and dies area, and is suitable for implementing
high-resolution  Nyquist-rate  ADCs. It
consists of a front-end sample-and-hold
amplifier  (SHA), 17 radix-2  1.5-hbit
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.
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Fig 5: Pipelined ADC block diagram.
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Fig 7: SHA circuit schematic.

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
[2]. To do this, a modified SC pipeline stage
shown in Fig. 6 is used. A pseudo random
signal is injected into this 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.

Fig. 7 shows the SHA preceding the A/D
pipeline. It employs a conventional
flip-around configuration and has fast settling
behavior due to large feedback factor. To
apply bottom-plate sampling technique, S1 and
S2 switches are turned off after S3 and S4
being turned off. The gate-controlling clocks

for S1 and S2 are generated from two
constant-Vgs bootstrapped clock generators.
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Fig 8: ADC operational amplifier circuit schematic.

Fig. 8 shows the topology of opamps used
in SHA and all pipeline stages. The fully
differential two-stage configuration consists of
a telescopic first stage followed by a
common-source second stage. Overall dc
voltage gain is more than 90 dB. Operating
under a 2.5 V supply, the opamp can provide a
differential output voltage range as large as 2.8
Vpp. In the first pipeline stage, the opamp
dissipates 22.5 mW of power and achieves a
unity-gain frequency of 650 MHz with
Cs=Cf=2 pF and an external load of 4 pF.

Digital functional blocks, such as
calibration processor and output encoder, are
also integrated on the same chip. All digital
circuits are synthesized with standard cells by
commercial CAD tools. Total gate count is
approximately 27,000. This design doesn't
require any multi-bit multiplier.

An experimental ADC prototype was

fabricated in a 025 pum 1P5M CMOS
technology with MIM capacitors [3]. Fig. 9
shows the ADC's chip micrograph. 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
73.5 dB and a  spurious-free-dynamic-range
(SFDR) of 93.3 dB with a 8-MHz sinusoidal
input.
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