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ABSTRACT

A 6-bit 2-GSample/s flash- A/D. converter. with wide bandwidth and low power for
ultra-wideband (UWB) application is» demonstrated in CMOS technology. A low-power
high-speed architecture by combining the cascade resistive averaging, interpolation, wideband
sample-and-hold and digital error correction technique is proposed. The principle of
averaging, interpolation, wideband sample-and- hold technique and digital error correction is
analyzed and discussed in detail. Use the averaging, can reduce power in preamplifiers. Use
the interpolation can halve the number of preamplifiers and halve input capacitance. Use the
sample-and-hold can improve dynamic performance. Use the digital error correction to can
eliminate the power of 2™-1 pipeline latches. With the combining techniques, a 6-bits flash
A/D converter achieves effective 5.05 bits for input frequencies up to 976MHz at
2-GSample/s. The results show peak differential-nonlinearity (DNL) and integral-nonlinearity

(INL) is less than 0.1LSB and 0.14LSB. The signal-to-noise and distortion ratio (SNDR) at
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7.81MHz is 37.51dB and the spurious-free dynamic range (SFDR) at 7.81MHz is 48.94dB.
Near Nyquiest input frequencies, SNDR and SFDR maintain above 32.2 and 33.68dB
respectively. This flash A/D converter consumes 117mW from 1.2V power supply at
2-GSample/s, and a figure of merit (FOM) is only 1.8pJ.

The flash A/D converter is implemented in UMC 0.13um 1P8M CMOS technology and
has been packaged in SPIL QFN32 which is mounted on PCB board in favor of measurement.
The measurement of the SNDR is 27.97dB under 2GHz sampling rate and 2.00MHz input
frequency. The effective number of bits (ENOB) is calculated equal to 4.3 bits. The measured

DNL and INL are +1.56/-1.00 LSB and +1.91/-1.85 LSB.
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CHAPTER 1

INTRODUCTION

Wireless technologies introduce the advantages of an increasingly mobile lifestyle in cell
phones and personal computers (PCs) and have resulted in greater demand for the same
advantages in other consumer devices. Consumers enjoy the increased convenience of
wireless connectivity. They will soon demand it for their video recording and storage devices,
for real-time audio and video (AV) streaming, interactive gaming, and AV conferencing
services as the need for digitalymedia becomes -more influence in the home. Many
technologies used in the digital-home, such~as’ digital video and audio streaming, require
high-bandwidth connections to communicate.: Considering the number of devices used
throughout the digital home, the bandwidth demand for wireless connectivity among these
devices becomes very large indeed. The wireless networking technologies developed for
wirelessly connecting PCs, such as Wi-Fi and Bluetooth technology, are not optimized for
multiple high-bandwidth usage models of the digital home. Today's wireless personal area
network (WPAN) technologies cannot meet the needs of tomorrow's connectivity of such a
host of emerging consumer electronic devices that require high bandwidth. A new technology
is needed to meet the needs of high-speed WPANSs. The Ultra-wideband (UWB) wireless
technology offers a good solution for the bandwidth, cost, power consumption, and physical
size requirements of next-generation consumer electronic devices.

UWB radio communications have attracted growing attention due to its promising



capability to provide high data rate with low cost and low power consumption. In February
2002, the Federal Communications Commission (FCC) allocated a spectrum from 3.1 GHz
to10.6 GHz for unlicensed use of UWB devices [1]. This landmark ruling has greatly
increased interest in commercial applications of UWB radio, and opened up new opportunities
to develop UWB technologies. As a result, UWB is emerging as a viable solution for a
short-range indoor wireless network. The IEEE 802.15 Task Group 3a has been developing a
physical layer standard based on UWB technologies to support high data rate for WPAN. At
this point, two technical proposals, referred to as multi-band orthogonal frequency division
multiplexing (MB-OFDM) and direct-sequence ultra-wideband (DS-UWB), are being
considered as the final high-speed WPAN standard. The Multi-Band OFDM frequency band
plan is shown in Figure 1.1. The potential for exploiting such low power UWB links for high
data rate WPAN connectivity at short range I;articularly for in-home networking applications

has led to considerable academic-tescarch interest in this technology.
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Figure 1.1 The Multi-Band OFDM frequency band plan



1.1 Motivation

Due to the low transmit RF power, most of the concern in UWB receiver is about power
consumption. This is especially important in portable devices where energy use in receive and
stand-by modes is usually the dominant factor in battery life. In the MB-OFDM proposal, the
frequency band is divided into 14 bands of a 528 MHz bandwidth and the data rate can be up
to 480 Mb/s. So, the sampling rate of the A/D converter is 528MHz at least and 6-bits A/D
converter with 5.05-bits ENOB for 480 Mb/s is sufficient. Direct-conversion architecture is
adopted in the UWB receiver as shown in Figure 1.2. In receive path, the architectures under
review burn most of their analog power in the A/D converter. The A/D converter consumes
maximum power in UWB receiver. For A/D converter design, it is a great challenge how to

give consideration to the performance and power consumption.
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Figure 1.2 The direct conversion architecture for UWB receiver

In general, CMOS flash A/D converter has the issues of input capacitance, input
feedthrough, power dissipation, random offsets, bubble error and metastability error due to
2" -1 preamplifiers, 2" -1 comparators, threshold voltages variation in comparator and the

speed of the comparator. To reduce the input capacitance and input feedthrough, the size of



preamplifier must be decreased, which increases the offset of the comparator. To reduce the
offset of the comparator, the size of the comparator and preamplifier must be increased, which
results in more power dissipation and low speed. In order to minimize the bubble error and
metastability error, it needs to increase the speed of the comparators or use the pipeline
latches at the output of the comparators, which increases the power dissipation and chip area.
To minimize the issues while lower power consumption, we proposed a low-power
high-speed A/D converter architecture combining the wideband sample-and-hold [2],
interpolation [3], cascade resistive averaging [3] and digital error correction techniques [4] for
low-power UWB applications. With the combining techniques, the simulation results show
5.05 ENOB can be achieved for input frequency of 976MHz while the A/D converter operates

at 2G samples/s and consumes 117mW.

1.2 Thesis Organization

The organization of this thesis is overviewed as follows.
Chapter 2 reviews the architectures and applications of A/D converter. Chapter 3 presents
wideband sample-and-hold, interpolation, cascade resistive averaging and digital error
correction techniques to reach the low-power high-speed performance and then describes the
design of each building block and analyzes the simulation results. Chapter 4 presents the test
procedure and the experimental results obtained for the prototype and finally Chapter 5

concludes with a summary of contributions and recommendations for future work.



CHAPTER 2

Review of A/D Converter architectures
and applications

In this Chapter, we first review a number of A/D converter architectures suited to
different speed operation and study their speed-resolution-power trade-offs. Of interest to us
are flash, pipelined, sigma-delta architectures.

Next, we describe general potential applications of A/D converters with different
architectures, speed, resolution, and power dissipation. These include fiber-optic
communication, digital oscilloscope; medical imaging, CCD imaging electronics, touchscreen

digitizers and digital audio.

2.1 A/D Converter Architectures

A variety of A/D converters exist on the market today, with differing resolutions,
bandwidths, accuracies, architectures, packaging, power requirements, and temperature ranges,
as well as specifications, covering a broad range of performance needs. And indeed, there
exists a variety of applications in data acquisition, communications, instrumentation, digital
audio, and interfacing for signal processing, all having different requirements. Considering
architectures, for some applications just about any architecture could work well; for others,
there is a best choice. In some cases the choice is simple because there is a clear-cut
advantage to using one architecture over another, but in some cases the choice is more subtle.

For example, flash A/D converters are most popular for applications requiring a throughput



rate of more than 1 GSPS with low resolution. Sigma delta converters are usually the best
choice when very high resolution (20 bits or more) is needed. The differences in their
architectures make one or the other a better choice, depending on the application. Among the
variety of A/D converter architectures, the most popular presently used are flash A/D
converter, pipelined A/D converter, and sigma-delta A/D converter [5][6]. In the following

sections, these popular A/D converter architectures are briefly described.

2.1.1 Flash A/D Converter

The flash A/D converter architecture, also known as a fully parallel architecture, is
fundamentally the fastest architecture. This architecture is conceptually the easiest to
understand. An n-bit flash A/D convérter consists’of an array of 2"-1 comparators and a set of
2" -1 reference values, shown in.Figure 2.1. Each of the comparators samples the input signal
and compares the signal to one'of the reference values. Each comparator then generates an
output indicating whether the input'signal is larger or smaller than the reference assigned to
that comparator. The differences between the input and reference values are amplified to
digital levels and generate thermometer code. The encoder converts the thermometer code
produced by the comparators to a binary code. As seen from the figure, the comparators all
operate in parallel. Thus, the conversion speed is limited only by the speed of the comparator.
For this reason, the flash A/D converter is capable of high speed and it is used for high-speed
applications such as wireless receiver, digital oscilloscopes, high-density disk drives, and so

on.



Reference

Analog
Voltage Input
Vref+ % Q Vin
] J_ 2"-1 o [
Vg2"1 | .
= [N 22 £
—— -
Va2'2 4 . 3
0 g N
. . £ Digital
. . 1 2 Output
. . = /
: n- bits
21 > n
— 2
V2 1] 1
+
L 1
VR,I = J_ 1
Comparators
Vref—

Figure 2. 1 Flash A/D Converter Architecture

The primary drawbacks to ‘the flash A/D’converter are the large hardware requirement
and sensitivity to comparator offsets. AS mentioned eatlier, 2"-1 comparators are required. For
example, a 6-bits flash A/D converter needs 63 .comparators, but 10-bits flash A/D converter
needs 1023 comparators. For this reason, a high resolution flash A/D converter requires a
large circuit area and dissipates high power. Furthermore, the large number of comparators
present a large capacitance to the output of the sampling circuit. The required comparator
offset voltage for a flash A/D converter with n bit resolution is less than 1/2". At high
resolutions, this required comparator offset becomes very small. Because comparators with
small offsets are difficult to design and expensive to build and because so many comparators
are required, A/D converters with resolutions higher than 8 bits rarely use the flash

architecture.



2.1.2 Pipelined A/D Converter

The pipelined architecture effectively overcomes the limitations of the flash architecture.
A pipelined converter divides the conversion task into several consecutive stages. Pipelining
enables potentially faster conversion while avoiding the exponential growth of power and
hardware. Figure 2.2 illustrates the block diagram of a pipelined A/D converter. The analog
input is applied to the first stage in the chain, and N1 bits are detected. The analog residue is
also generated and applied to the next stage. The same procedure repeats up to the end of the
chain. This concept is similar to the idea of an assembly line because the interstage sampling
allows all of the stages to operate concurrently. A common approach to pipelining is based on
a precision multiply-by-two stage that merges most of the interstage operations into a

compact circuit. Usually used withi 0.5 bits of overlap, this technique provides a modular

implementation.
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Figure 2. 2 Pipelined A/D Converter Architecture

The pipelined architecture offers a number of advantages. First, the throughput rate is

determined by the speed of only one stage in the pipeline. Second, interstage residue



amplification relaxes the precision required of subsequent stages. Third, the power and
hardware of pipelined converters grow almost linearly with the number of bits. Also, overlap
and digital correction can be used to allow large offsets in the comparators.

The primary drawback of the conventional pipelined topology is the need for high
precision in the interstage SHAs, D/A converters, and subtractors, especially at the front end.
The precision typically mandates the use of op amps, imposing severe trade-offs among speed,
voltage swing, gain, and power dissipation. As device dimensions, supply voltages, and the
intrinsic gain (gm o) of MOSFETSs continue to scale down, the design of op amps becomes

increasingly more difficult.

2.1.3 Sigma-Delta A/D Converter

The sigma-delta architecture_takes a fundamentally different approach than those
outlined above. In its most basic forms a.sigma delta converter consists of an integrator, a
comparator, and a single bit D/A converter, as'shown in Figure 2.3. The output of the D/A
converter is subtracted from the input signal. The resulting signal is then integrated, and the
integrator output voltage is converted to a single-bit digital output (1 or 0) by the comparator.
The resulting bit becomes the input to the D/A converter, and the output of the D/A
converter’s is subtracted from the A/D converter input signal, etc. This closed-loop process is
carried out at a very high “oversampled” rate. The digital data coming from the A/D converter
is a stream of “ones” and “zeros,” and the value of the signal is proportional to the density of
digital “ones” coming from the comparator. This bit stream data is then digitally filtered and

decimated to result in a binary-format output.
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Figure 2.3  Sigma-Delta A/D Converter Architecture

One of the most advantageous features of the sigma-delta architecture is the capability of
noise shaping, a phenomenon by which much of the low-frequency noise is effectively pushed
up to higher frequencies and out of the band of interest. As a result, the sigma-delta
architecture has been very popular for designing low- bandwidth high-resolution A/D
converters for precision measurement. Also, since the input is sampled at a high
“oversampled” rate, unlike the other architectures, the requirement for external anti-alias
filtering is greatly relaxed. AY limitation of this “architecture is its latency, which is
substantially greater than that 6f the ether—types. Because of oversampling and latency,
sigma-delta converters are not often: used in ‘multiplexed signal applications. To avoid
interference between multiplexed signals, a delay at least equal to the decimator’s total delay
must occur between conversions. These characteristics can be improved in sophisticated
sigma-delta A/D converter designs by using multiple integrator stages and/or multi-bit D/A

converters.

2.1.4 Summary of A/D converter Architectures

The most popular A/D converter architectures have been reviewed in the previous
sections. The flash A/D converter architecture is the fastest, the Sigma-Delta A/D converter is

very useful for high-resolution applications, and the pipelined A/D converter can be applied

10



for various applications. Each A/D converter architecture has tradeoffs among speed,
resolution, and power dissipation. In summary, Table 2.1 provides the characteristics of
popular A/D converter architectures [7]. In the third column, “sps” stands for samples per

13 2

second. The “m” shown in the fourth column is the number of stages in the pipeline

architecture.
Architecture | Resolution | Speed Latency Comments
(bits) (sps) (cycle)

Flash <10 250M~2G |1 -high input bandwidth
-highest power dissipation
-large die size

Pipeline 8~ 16 IM ~200M+|-m -high throughput rate
-low-power dissipation
-on-chip self calibration

Sigma-Delta | > 14 > 200K large -high resolution
-limited sampling rates
-digital on-chip filtering

Table 2. 1 Summary of A/D converter architectures
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2.2 A/D Converter applications

There are several applications require the different speed and resolution of A/D
converters. Among these are communication, instrumentation, digital audio, digital video, and
medical diagnostic equipment [8][9]. With the aid of digital signal processing (DSP), the A/D
converter outputs can be processed to bring almost limitless versatility to an application. The
basic building blocks of a typical system with a A/D converter include filter for analog input,
A/D converter, DSP and memory system, processor and interface system, D/A converter and

filter for analog output.

2.2.1 Fiber-optic Communication

High-speed fiber-optic communication requires:the analog signal to be converted to
digital a A/D converter. Following this the-A/D converter outputs must be converted from
parallel to serial output format for the driver-to modulate a laser diode, as shown in Figure2.4.
This allows a single fiber-optic cable to transmit several high-speed signals if necessary. On
the other end of the cable, the photodiode detects the digital light pulses, which are then
converted to logic level in a parallel format. The D/A converter output is finally filtered by an
analog filter. Depending on the application, an option may be to first perform digital filtering

before outputting to the D/A converter.

g %)
Analog — Filter 5 —3 Driver Receiver = 2. Filter —» Analog
input . E % . output
2| X ¥ |8
ADCE = 5 = Q [Fiber Optic Cable] ﬁ = % W
Laser Photo
Diode Diode

Figure 2.4 Fiber-optic Communication
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2.2.2 Digital Oscilloscope

A block diagram of a digital storage oscilloscope is shown in Figure2.5. Two input
channels are first conditioned by a programmable amplifier. The trigger circuit controls when
the sampling starts, which is controlled by sample-and-holds. Buffer amplifiers are required to
isolate the low-impedance A/D converter input stage from loading the sample-and-holds.
Once digitalized by the A/D converter, the input signals are stored in memory where a DSP
can perform several operations (i.e., filtering, averaging, peak-to-peak time versus voltage,
root-mean-square, etc.). Two D/A converters then provide both the wvertical (signal
measurement) and horizontal (time measurement) analog output signals. Finally the analog

outputs are filtered before they go to the display driver.

Programmable

Amplifier
Ch.armel 1 SH | Memory ‘ Y Output
input and —=y DAC = Filter —>
DSP
Trigger
88 + Sample clock ADC
> X Output
Chgnnel2 S/H - Counter = DAC = Filter —
nput
Programmable Time base
Amplifier circuit

Figure 2. 5 Digital Oscilloscope
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2.2.3 Medical Imaging

The One form of medical imaging is digital x ray (radiography), illustrated in Figure 2.6.
With this technique, the images no longer need to be produced or stored on film. Instead, the
images are stored within memory for display on a video monitor. In this system the x ray
passes through a person onto photomultiplier fluoroscope sensor which converts the x rays to
light. The various light intensities are then converted to an analog signal which is filtered
before being digitized by the A/D converter. The DSP then enhances the image before driving
the output D/A converter for the video image. The advantages to this process are that the time
exposure to the x ray for a quality image is significantly shortened and stored images can be

manipulated to enhance specific areas.

X-Ray Memory
— Sensors Filter ADC and DAC Monitor
DSP

Figure 2.6 . Digital Radiography System

2.2.4 CCD Imaging Electronics

The charge-coupled-device (CCD) and contact-image-sensor (CIS) are widely used in
consumer imaging systems such as scanners and digital cameras. A generic block diagram of
an imaging system is shown in Figure 2.7. The imaging sensor (CCD, CMOS, or CIS) is
exposed to the image or picture much like film is exposed in a camera. After exposure, the
output of the sensor undergoes some analog signal processing and then is digitized by an A/D

converter. The bulk of the actual image processing is performed using fast digital signal

14



processors. At this point, the image can be manipulated in the digital domain to perform such

functions as contrast or color enhancement/correction, etc.

Light I Analog Digital .
' S;ﬁi; Signal ADC Signal DI1g1t1zed
Conditioning Processing mage
Lens

Flower

Figure 2. 7 Generic Imaging System for Scanners or Digital Cameras

2.2.5 Touchscreen Digitizers

The touchscreens have beecome widespread in hand held PDAs (Personal Digital
Assistants) and other computer: products: The majority of PDA makers use a four-wire
resistive element as the touchscreeén due to its low cost and simplicity. For the touchscreen to
interface with the host processor, analog waveforms from the screen must first be converted to
digital data . The user enters data on the screen with a stylus. An A/D converter converts this
analog information to digital data that the host microprocessor uses to determine the stylus's
position on the screen. During coordinate measurement, one of the resistive planes is powered
through on-chip switches on the controller A/D converter. For X coordinate measurement, the
X plane is powered. The Y plane senses where the pen is located on the powered plane. When
the pen depresses on the screen, the planes short at this location (shown as the dotted line in
the diagram). The voltage detected on the sense plane is proportional to the location of the
touch on the powered plane. The four -wire resistive touchscreen interface for X coordinate
measurement as shown in Figure 2.8. The Y coordinate can be measured by applying power

to the Y plane, using the X plane to sense the position. Thus, X and Y coordinates can be

15



digitized from the screen. The digital code is then operated on by the host CPU, and character

recognition and position information can be achieved.
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controller which power the screen

Figure 2. 8 Four-Wire Resistive Touchscreen Interface

2.2.6 Digital Audio

Modern wireless systems, such as ‘cellular telephone, use low pass filter, high resolution
A/D converters, digital signal processor (DSP) and high resolution D/A converters. The
modern cell phone handset block is shown in Figure 2.9.When we speak to other person with
cell phone, the low pass filter remove noise from voice, A/D converter transform voice into
digital signal and then the digital signal is dealt with DSP. Modern cellular transmission
systems make use of DSP-based speech compression algorithms in order to reduce the overall
data rate to acceptable levels, rather than limiting the resolution of the converters. Digital
audio systems place high resolution demands on A/D converters and D/A converters because
of the wide dynamic range requirements. The digital audio signal may then be stored or
transmitted. Digital audio storage can be on a flash memory, or any other digital data storage
device. Audio data compression techniques — such as MP3— are commonly employed to

reduce the size. Digital audio can be streamed to other devices. The last step for digital audio

16
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is to be converted back to an analog signal with a D/A converter.
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Figure 2.9 Modern Cell Phone Handset block
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CHAPTER 3

Low-Power High-Speed Techniques
and Circuit Design

In this chapter, the low-power high-speed architecture is proposed to reduce the input
capacitance, offset errors, power dissipation, bubble errors and metastability errors by using
sample-and-hold, interpolation, averaging and digital error correction techniques. With the
architecture, the dynamic performance is improved, the input capacitance is reduced, 83%
power saving in preamplifiers is achieved and the power of (2"-1)m pipeline latches is
removed.

The circuit design and relatedissues will-be discussed in detail. The required resolution
is 6 bits and the sampling rate is 2GHz. As-theresult, circuit design plays an important role to
achieve the specifications. The block diagram’ of the proposed A/D converter is shown in
Figure 3.1. The proposed A/D converter consists of analog part and digital part. The analog
part consists of sample-and-hold, resistor ladder, interpolation preamplifiers, comparators and
resistive averaging. The digital part consists of auxiliary circuit, AND gates, ROM, TSPC,
Gray-to-binary decoder, clock generator and output buffer. The design issues of each
component are discussed step by step. Finally, the static and dynamic performances

simulation results are presented in the last section.
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3.1 Sample-and-Hold Technique

The purpose of the sample-and-hold (S/H) circuit is to track and hold the input signal
long enough for the A/D converter to complete a conversion without appreciable error. The
S/H circuit is a crucial part, especially for high speed sampling rates. To improve the dynamic
performance of the A/D converter, a S/H circuit can be put in front of the converter. By
holding the analog sample static during digitization, the S/H largely removes errors due to
skews in clock delivery to a large number of comparators, limited input bandwidth prior to
latch regeneration, signal-dependent dynamic nonlinearity, and aperture jitter. The distributed
time skew problem of quantization is alleviated as a result of the usage of the front-end S/H

19



circuit. For gigahertz sampling rate operation, S/H becomes essential to achieve the desired
converter resolution with wide input bandwidth.

Closed loop configuration provides good linearity and dynamic range but cannot achieve
very high speeds. In order to operate at high speed, the S/H has to be a simple open-loop
configuration. The basic S/H configuration shown in Figure 3.2 consists mainly of a sampling
switch and a holding capacitor [3]. This single ended configuration makes it possible to
design for very high speed, but it has signal-dependent charge injection and clock

feedthrough.

Veik

L
VIN j l

Sampling
Switch

Vour

—— Holding
1 Capacitor

Figure 3. 2} Basic S/H Cenfiguration

The pseudo-differential type S/H configuration shown in Figure 3.3 is the best choice to
solve signal-dependent charge injection and clock feedthrough. This type S/H consists of
sampling switches, dummy switches, holding capacitors, and unity gain buffers. The dummy
switches are driven by reverse of the clock signal and they are used to reduce the effect of
signal-dependent charge injection and clock feedthrough released from the sampling switches
[2]. The holding capacitors are made large enough to overcome the gate capacitance variation
of the MOSFET. The buffer is made by PMOS whose bulk is connected to its source to

suppress the body effect.
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Figure 3.3 Pseudo-Differential Type S/H Configuration

In Figure 3.3, the constant current source follower is the simplest realization of a unity
gain buffer. But, it still has limitation and drawback. When the input to the buffer is fast and
has large amplitude, the skew rate.at the output of.the circuit is limited. Thus, its speed can
not be linearly improved by increasing the bias current. Although we can suppress the body
effect by connecting its bulk to sourcé;-its-gain-still can not reach real unity. Due to the finite
output resistance, its gain can only approximate 0.9. The buffer with this gain will degrades
the amplitude of output signal when input frequency is very high. So, adding a PMOS loading

to increase output resistance can make the gain approximates unity.

PMOS Loading
Dk
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L L
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Figure 3.4 The first cross-coupling type S/H Configuration with a PMOS Loading
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Figure 3.5 The second cross-coupling type S/H Configuration with a PMOS Loading

There are two cross-coupling types of the S/H configuration and their gain can achieve

unity. The first cross-coupling type is shown in Figure 3.4 and second cross-coupling type is

shown in Figure 3.5. The gain of the first cross-coupling type S/H configuration is given by

(detailed analysis is shown in Appendix):

VOUT + Vol

_ 01 02

+ <1
2 ry + A+ 9,)r (G G

(3.1)
and its 3db frequency is given by+«(detailed analysis is shown in Appendix):
1 1
o=t = =0
7[2.1 gSl (rol rOZ) (32)

The gain of the second cross-coupling type S/H configuration is given by (detailed analysis is

shown in Appendix):

VOUT+ = — rolro'z : : (g;nl + gng‘mlrc')l ) >1
Vl r01 + (1 + gmlrol)roz 1+ gmlrol (3.3)
and its 3db frequency is given by (detailed analysis is shown in Appendix):
1 ' 1 1
¥ L
72-7'-1 gSl(rOI rOZ) (34)

Give a sinusoidal input waveform with amplitude A and radian frequency @ and assume
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unity gain buffer is one pole transfer function as follows:

A(w) =

f.. >

3db =

, and then

AL Fesponse

(3.5)

1G

=4.926G
3 (3.6)

— First type fvIl+; ac dB200v) — Second type 1+ ac dBZ 00V
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Figure 3. 6 The simulation of the first and second type S/H

The simulation of the first and second cross-coupling
Figure 3.6. From this figure, the gain of the first cros

approximates unity and its 3db frequency is 5.33GHz. Th

type S/H configuration is shown in
s-coupling type S/H configuration

e gain of the second cross-coupling

type S/H configuration is larger than unity and its 3db frequency is 2.39GHz. From equation

(3.6), the buffer 3db frequency must be high than 4.926GHz. Thus, the first cross-coupling

type S/H configuration fits the design requirement and the 3db frequency is 5.33GHz. The

proposed design can achieve the wide bandwidth to get high dynamic performance.
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3.2 Interpolation Technique

It is needless to say that the number of elements and the power dissipation increase
exponentially to the resolution of flash A/D converter. The flash A/D converter architecture is
considered to realize the highest conversion frequency, however, it suffers from not only large
chip size and large power dissipation, but also lower dynamic performance due to large input
capacitance [10]. Hence, some circuit techniques that can reduce the element count are
required. Interpolation technique is the good solution to solve these problems. The

interpolation architecture of preamplifier is shown in Figure 3.7. AVI1(=Vyl-Vx1), A

V2(=Vy2-Vx2), AV(=Vy2-Vx1) are the outputs of the preamplifiers, Vin is the input

voltage and Vrl, Vr2, Vr are the reference voltages.

Vin .Vr

~Vy2

vior e > ['AV2 | Latch
VX2
2

§ le AV | Latch
+\Vy1

viil . >11 AVl | Latch
" Vxl1

Latch

?

—

Figure 3. 7 Interpolation Preamplifier Architecture

Interpolation allows the generation of intermediate voltages, so that the input voltage
does not need to be compared to 63 distinct reference voltages at the front-end of a flash A/D
converter. Each input to reference voltage comparison at the front-end would require its own

preamplifier, consuming an unacceptable amount of power and area. Virtual zero crossing
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points shown in Figure 3.8, which are not the result of the input crossing a physical reference
voltage, are created through interpolation at amplification stage. In other words, in this
scheme a zero crossing is obtained by interpolating between two reference levels.
Performance indices of the preamplifier such as input common-mode range, input capacitance,
power dissipation, overdrive recovery speed, voltage gain, and capacitive feedthrough to the
reference resistor ladder often place tight requirements on the preamplifier. Thus, using
interpolation to reduce the number of preamplifiers relaxes its design requirements and can
improve the differential nonlinearity [11].

However, there are some design conditions which need to be considered. Interpolation is
only between close-enough preamplifier outputs to avoid non-linear zero crossing. The size of
the input transistors of the preamplifier needs to be increased. Larger size can reduce the
offset from the preamplifier itself. Fhe gain of the preamplifier needs to be tuned well. Small
gain of the preamplifier can not-overcome the:offset-from comparator, but large gain of the
preamplifier can cause no gain error at-zero-crossing shown in Figure 3.9. If no gain error at
zero crossing happens, the preamplifier can not reduce the offset from the comparator. The

only adequate gain of the preamplifier can generate the good zero crossing shown in Figure

3.8.

Preamp output
\

»Vin

Figure 3.8 Good Zero Crossing
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Preamp output

AV=Vy2-

" No gain error

Figure 3.9 No Gain Error at Zero Crossing

3.3 Averaging Technigue

High speed flash A/D Converter with medium tesolution usually employs differential
pairs as pre-amplifying stages before the comparators. Their offset voltages are the ultimate
limitation to the linearity that may be achieved by the A/D converter. Increasing the area of
the components in the differential pairs reduces offset voltages , but increases parasitic
capacitances, leading to a large power dissipation, large die size and large input capacitance
or to the reduction of the maximum operating frequency [12].

To partially overcome this problem an averaging scheme will be introduced. This
averaging scheme uses the outputs of more active input pairs to increase the effective gate
area and in this way reduce the offset voltages. The figure 3.10 shows five differential
preamplifiers with load resistor RO as part of the input preamplifier chain used in flash A/D
converter. Averaging is obtained by coupling the outputs of the differential preamplifiers via
averaging resistor R1. This averaging resistor chain continues to couple more input stages. As

long as the input preamplifiers are active and operate in the linear signal range, then the
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output signal of these active preamplifiers contribute via the averaging resistors to the signal
of a differential preamplifier operating around the zero crossing level. Here preamplifier (n=0)
is supposed to be the zero crossing preamplifier. The output signals from the left neighbors of
the zero crossing preamplifier influence the zero crossing. The same effect is obtained from
the right neighbors. As long as the neighboring preamplifiers are in the linear region it looks
like that the zero crossing amplifier consists of a much bigger device with a size equal to the
sum of the areas of the active linear amplifiers [3].

By adding resistors R1, not only the offset error (noise) is reduced but also the gain of
the preamplifier (signal) is loss. In order to reduce the effective gain of error but one of the
signal is maintained, the resistive ratio of R1/R0O have to be choice properly to perform

optimum.

=R¢ = R, =
M
W

ol
v Gk

5 contributions to 1 output

Zero Crossing

Vin

Figure 3. 10 Resistive Averaging Scheme and Zero Crossing

3.3.1 Spatial Filtering of the Averaging Resistive

Network
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The averaging requires the summation of quantities spread into two or more samples in
either time or space. In the MOSFET example, the parallel connection spreads the noisy
charges. Similarly in the preamp array of a flash A/D converter the output current spreads
through the lateral connections in the averaging resistor network. Summation is automatic
when physical quantities such as currents and charges merge at a node in accordance with
Kirchhoff’s laws.

The impulse response of the spreading network, which forms a spatial filter,
characterizes the extent of spreading. Usually the wider the impulse response will get the
higher the SNR. However, there are limits to this in uses such as offset averaging, where a
wider impulse response also filters out signal. To correctly optimize the SNR, the properties

of both signal and noise must be taken into account to find the best impulse response

% Io(n 2 % 10(1’1+1 % 10(n+2

Figure 3. 11  The impulse Response of a resistor network as spatial filter

The impulse response, h(n), of the spatial filter is found by injecting a unit stimulus
current at one node, and noting the resulting distribution of current in each RO at other nodes

as shown in Figure 3.11. For a stimulus current i, injected to an arbitrary node n,
Kirchhoff’s current law (KCL) requires that

n _io(n)+(io(n_l)_io(n))RO/Rl +(io(n+1)_io(n))R0/Rl =0 (3.7)
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where the third and fourth terms are the currents flowing into node n from node (n-1) and

(n+1), respectively. Using the transform simplifies analysis. Applying the z transform to (3.7)

H(2) = 1,(2)/1,(2) = 1+ 2(R, /R) = (R, /R )(z+2 )" 69)

The inverse transform H(z) of yields the spatial impulse response [13]

h(n) = h(0)b"

—|acosh(1+R, /2Ry)|
, where b=e <l

(3.9
h (0) is a normalized coefficient. Uniform current division in the RO- R1 network leads to an
impulse response that decays exponentially in n. The width of the impulse response can be
controlled by the ratio of R1/R0 as shown in Figure 3.12. The impulse response acts as a low
pass filter in spatial domain and the width of impulse response will influence the averaging
effect. The smaller ratio of R1/R0 generates wider width of the impulse response to get

effective averaging and then the Jarger ratio of R1/RO generates narrower width of the

impulse response to get poor averaging.

0.45 T T T . . .
— R1/R0=0.01
— R1/R0O=01
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015 .

01F .

0.05 .

o : : :
-30 20 -10 0 10 20 30

Armplifier nodeln)

Figure 3. 12 Impulse response as a function of resistive ratio R1/R0 at node(0)
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3.3.2 Error Correction Factor (ECF)

The parameter used to the averaging performance is error correction factor (ECF) [13].
The error correction factor is defined as ratio standard deviation of the original offsets and

standard deviation of the input-referred offsets after averaging. Thus

ECF = G(')S — gm.(,o)/gm.(o)
Oos  O(igs)/ 0 (iy) (3.10)

Where o (o), o(i,) (o(iy)) and g,(0) (9g,(0)) represent standard deviation the

input referred offset voltage, offset current and transconductance of the preamplifier before
(after) averaging at the zero crossing node. Now let us derive the ECF for a spatial filter with
the impulse response given by equation  (3.9). Since the output of any filter is found by
convolving its input with the impulse response; we have

(Wzy -1)/2

9n(0) = Zg Mh(@—n)=g, > h(n)

—(Wzx -1)/2 (3.11)

W

Where ""zx is the width of linear active region of the preamplifier which can be expressed

W, =2v2V,, /LSB .The output noise current is given by

Ios (0) = (Wni)/z I, (Mh(0 - n)

~(W,—1)/2 (3.12)

which leads to the standard deviation

W, -1)/2

O (lgs) = =0o(i),| D>, h*(n)
~(Wn-1)/2 (3.13)

Where W, is the width of noise window of the preamplifier. Combining Equation (3.10),

(3.11), (3.12) and (3.13), the ECF can be shown that
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(1+b-(1-2b"=""2))/(1-Db)
JA+b> (1= 20"y /(1-b?)

ECF =

_ —|acosh(1+R; /2Ry)|
where b=e

(3.14)
Figure 3.13 shows the error correction factor (ECF) respects to resistive ratio R1/R0. How
accurate must be the ratio of R1/R0 to deliver near optimum benefits? The ratio is chosen
larger than at the maximum point to prevent the gain loss. The resistive network causes the
gain loss of the preamplifier as shown in Figure 3.14. The value of ECF will be higher if the
value of R1/R0 is lower, but it also causes the gain loss of the preamplifier when the value of
R1/R0 is lower. For example, if the ratio falls by 50% to 0.08, the ECF increases from 3.2 to
3.7 but gain loss increases from 3% to 11%. If rises by 50% to 0.24, the ECF also falls to 2.8
but gain loss approaches zero. Thus, a network with only roughly the right resistor ratio

should yield close to optimum averaging: (Consider W,, =35 and choose a ratio R1/R0=0.16

in our design. From the figure 3.13 and figure 3.14, the ECF is about 3.2 and the gain loss is

only within 3% when the resistive ratio 0.16-18 chosen.

ECF

1_5_ H H R T S T A

R1/RO

Figure 3. 13 The error correction factor verse resistive averaging ratio
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Figure 3. 15 Monte-Carlo simulation setup scheme
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Figure 3. 16 The preamplifier Monte-Carlo analysis with and without averaging resistor

Monte-Carlo analysis is performed to verify the benefits of resistive averaging. Figure 3.15
shows the Monte-Carlo simulation’ setupssecheme. The parameters for the device mismatch
including threshold voltage mismatch and resistor mismatch are provided by foundry []. In the
idea case with no transistor mismatch, the comparator output changes polarity when a slow
ramp input cross the corresponding threshold.iFigure 3.16 shows that the time the comparator
changes polarity is randomly dispersed with respect to when the input cross zero. The
preamplifier offset set voltage is 12mV when the preamplifier without averaging resistor.
Using averaging resistor, the preamplifier offset reduce to 4.1mV. The simulation result is

shown in Figure3.16; it is a composite plot of 60 Monte-Carlo transient analyses.

3.3.3 Nonlinearity Error and Compensation at the

Edges

Finiteness of the array of preamplifiers poses unique problems at the edges of an
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averaging flash A/D converter. Usually the preamplifier array comes to an end at the upper
and lower limits of the analog full scale. This will disrupt averaging at the last few
preamplifiers, because at the extreme nodes there is no longer an equal number of stimuli into
the resistor network from both left and right. As shown in Figure 3.17 the vertical line that
crosses the zero-crossing point at the right-hand extreme of full scale intercepts zero-crossings
only in the upper half plane if there are no dummy zero-crossings. In presence of the lateral
resistors, those intercept points contribute positive currents to the zero-crossing node and
effectively pull the zero-crossing toward the center of the array. Unless the positive intercept
points are balanced with negative ones from dummies or by distorting reference taps, all the
zero-crossings within the range of half width of impulse response at each edge are pulled
resulting a systematic INL curvature.

N=1 oo e N=32 [ 3 ) N=63

+ Impulse Respense ! :

mn

| Zero Crossing |

| Dummy Full Scale T)ummy |

Max Available Full Scale
Figure 3. 17 Dummy preamplifiers to reduce edge effects

Linearity across the full scale requires that no distortion should build up at the edges. A
straightforward solution is to add preamplifiers on either edge of the array to extend the
averaging network by at least width of the impulse response, the extent of the interaction
range [13]. Therefore, half number of dummy preamplifiers is attached at each end. The
current flowing in averaging resistor shows a large bending at both ends, as shown in Figure

3.18

34



—
[fa]

=
]

0.75

=
~

0.65

=
fay]

Maormalization Current Following in Averaging Resistar

|:|55 | | | | | |
a 10 20 30 40 alll il

Freamplifier node(n)

Figure 3. 18 The current fldwing in resistive network shows the boundary condition

Cross connection

16 Dummy preamplifiers

16 Dummy preamplifiers at the edge

at the edge

63 preamplifiers

Figure 3. 19 Dummy preamplifiers with cross connection averaging

35



0.2 T T T T T T T
— R1/R0=0.1&

0.18

0.16

0.14

012

0.1

0.08

Impulse Response hin)

0.06

0.04

0.02

0 L L 1 1 I 1 L
-40 -30 =20 -10 0 10 20 30 40

Preamplifier nodein)

Figure 3. 20 Impulse respon$e as afunction. of tesistive ratio R1/R0=0.16 at node(0)

This bending is of a form as the“low-to-high current in the lowest edge and the
high-to-low current decreasing in ‘the highest edge, causing the INL pattern at edge to go
opposite direction. In order to keep the symmetry condition at the edge of preamplifiers, the
dummy preamplifiers are added and the cross connection averaging resistor is adopted which
is shown is Figure 3.19. The numbers of dummy preamplifiers are probably equal to the range
of impulse response which is shown in Figure 3.20. In this design the range of impulse
response of the averaging networking is about 16 dummy preamplifiers are enough to
compensate the integral nonlinearity errors at the boundary condition. Figure 3.21 shows the

simulation at the boundary condition with and without the dummy preamplifiers.
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Figure 3. 21 Averaging current following in the load resistance

From this figure, the nonlinearity error is'serous obviously at the edge of preamplifiers and
the linearity range is extended Wwith proper dummy preamplifiers at the boundary of

preamplifiers array.

3.3.4 Power Saving in Preamplifiers Array

Averaging resistors are used in both preamplifiers and comparators in order to reduce the
input referred offset. For unaveraged preamplifier, the standard deviation of input referred
offset 6(AV,s) is inverse proportional to the square root of the size (WL) of the input
differential pair [14] as derived in Equation 3.11. With averaging resistors, the offset can be
reduced by k times. Therefore, for the same offset specification, the size of each preamplifier

2. .
can be reduced «” times compared with unaveraged one.
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|
0(AVys) = 0(AVy,) oc —— (3.15)

JwL

With the same preamplifier speed, overdrive condition and input-referred RMS offsets, the
current consumption of the preamplifier is proportional to the size of the input differential pair
is derived in Equation 3.12. Hence, the size reduction in preamplifiers also leads to power

reduction and the power reduction factor is k”. In our averaging resistor design, the optimum

K is about 3 that is 9 times power reduction in a single preamplifier [15].

J. 21 /V g4 |
~ ~ o« (3.16)
272C,  2x(2/3WLC,, WL

Usually some dummy preamplifiers are required at the boundary to eliminate the linearity
error due to the edge effect. Imeluding the dummies, the total power dissipation in

preamplifiers is scaled down as

I:)total avg N avg 9 I:)avg 4 N avg % I avg
I:)total ,unavg N unavg I:)unavg N unavg I unavg
N L N 1 (3.17)
_ avg % (W )avg |1+ r(?ummy % =
N unavg (WL)unavg 2" -1 k

where Pioalavg (Piotal,unave) represents the total power dissipation of the preamplifier array with
(without) averaging resistors; Naye (Nunavg) represents the number of the preamplifiers with
(without) averaging resistors; Pay (Punavg) represents the power dissipation of a single
preamplifier with (without) averaging resistors. Ngymmy 1S the number of dummy preamplifiers
and n is the resolution of the A/D converter. In our case, the total power of preamplifier array
scaled down factor is 0.168 that is about 83% power reduction, exhibiting low power

performance.
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3.4 Digital Error Correction Technique

Comparators in a flash converter generate what is commonly known as a thermometer
code. If a particular comparator’s reference point is below the level of the input signal, the
comparator’s output is high; if the reference point is above the input, its output is low. It is
easy to see why this code is called thermometer code. With an increasing input signal the
number of ones is increasing. When everything is working ideally, the collection of
comparator outputs should resemble a thermometer: all zeros above the input level and all
ones below the input level. The zero-to-one transition point rises and falls within the input
level. The thermometer code is translated to a final binary output word using the zero-to-one
transition point to address a ROM. A high speed flash A/D converter with this type of the
digital encoding structure typically:suffers from two problems: bubble errors (or sparkles) in
the thermometer code and metastability errors. The-purpose of the digital encoding is to
convert the comparator outputs into a 6-bits-code word and to suppress the errors caused by
the comparator metastability and bubbleserrors in the thermometer code. Thus, the digital
encoding with the digital error correction is very important to achieve good resolution at high

input frequencies.

3.4.1 Bubble Error Correction

Under extremely high input slew rate conditions, timing differences between the clock
lines and signal lines can cause the effective sampling moments between comparators to be
different. This can cause a bubble in the thermometer code where a one may be found among
zeros. This is normally called a bubble in the thermometer code, because this error resembles

bubbles in the mercury of a thermometer.
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Figure 3. 22 Three input AND gate to solve a bubble error

Bubble errors result from three major sourees [2]. First, the large overall input-referred
random offset can switch the order of the two adjacent thresholds and create bubble errors.
Second, the slew-dependent sampling and ¢clock dispetsion between comparators cause bubble
errors. Finally, the propagation-delay. variations through the preamplifier stage as a result of
limited bandwidth and fast input frequency worsen the bit-error rate to generate bubble errors.

To overcome this problem a bubble correction method can be used. A common method
of suppressing bubbles is to use what amounts to a three-input AND gate to address the ROM.

For example, two zeros have to be found above a one to cause the ROM line to go high.
Then a sample correction of a bubble error in the thermometer code can be corrected as

shown in Figure 3.22.

3.4.2 Metastability Error Correction

When the applied input signal is near the reference voltage for a comparator, the

comparator output may be undefined at the end of evaluation time and then metatstability in a
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flash converter can occur. Since input signal is typically continues amplitude, there is always
a finite probability that voltage difference cannot be amplified sufficiently in the time allotted
for comparison. If the output is not sufficiently amplified, indeterminate digital signals are
propagated to the encoder logic, leading to errors.

The approach of reducing the metastability consists in introducing pipeline latches
immediately after the comparator outputs and before the logic decoder, increasing the
regeneration gain of the comparator. The n-bits flash A/D converter architecture with m levels
of pipeline latches requires (2"-1)m latches as shown in Figure 3.23. Clock loading can be
increased substantially as a clock signal must be distributed to each of these latches and all of
the latches in the pipeline toggle at the sampling frequency, dissipating large power. To
reduce error rates with less power and area, the number of latches must be reduced and the
clock loading decreased [16].

In order to increase the comparator reselution-time without inserting stages of 2"-1
pipeline latches at the output of-the ¢omparators, the metastability error propagation from a
metastable comparator must be handled. by the" encode circuitry. Figure 3.24 shows the
metastability error propagation for a flash A/D converter with binary encoded, n-channel
pull-down binary-encoded ROM. In this example, zeros in the ROM are implemented with an
n-channel pull-down and ones with a no connection. Due to the two undefined word lines in
the ROM, the undefined comparator outputs can propagate to the pull-down transistors and
the bit lines in the ROM. As a example, for the two words “100000” and “01111” all of the
propagated output bits will be undefined, leading glitches in the output waveform with as

many as n bits in error.
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Figure 3. 23 Flash A/D converter with comparator pipelining to reduce metastability
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Figure 3. 24  Error propagation in-binary-encoded ROM and output bits

In order to overcome metastability problem, a error correction method can be adopted.
This method of reducing the metastability errors is to use the auxiliary circuits and the Gray

encoded ROM based architectures as shown in Figure 3.25.
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With stable outputs for metastable ‘comparators, the outputs propagate to the ROM as
follows. If both comparator outputs are high when the encoded ROM is clocked, two adjacent
word lines will be turned on the ROM. This will cause large errors in a binary-encoded ROM
because the output bits will be the logic AND of the two words. However, if a Gray-encoded
ROM with the auxiliary circuits that guarantees at least one valid output is used, adjacent
ROM words differ by only one bit and the resultant output word will be the word with more
Zeros.

Since metastability errors only occur with the analog input at a boundary between two
output words, either output code can be a considered correct. The worst case for the encoded
ROM is a signal comparator output settling as the ROM is clocked. The undefined

comparator output is passed to the ROM as a word line high and as adjacent line undefined as
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shown in Figure 3.25. Due to the Gray code, the logically AND output words leave only one

output bit undefined. Thus, the Gray-encoded ROM is effective solution to reduce the

metastability errors caused by an undecided comparator.
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Figure 3. 26 Implementation of the auxiliary circuit
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Figure 3. 27 Simulation result of the auxiliary circuit at 2GHz operation

Figure 3.26 shows the auxiliary circuit guarantees at least one valid output and used to valid
high outputs for metastable inputs. This circuit is used in arbiter circuits with asynchronous

inputs to avoid undefined output states. When the inputs from the comparator are intermediate
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and equal, the device M3 and M4 are on and hold the outputs, Vo+ and Vo-, high. After the
input voltages separate by more than one threshold voltage, one of the outputs is pull low by
the input. The simulation result of the auxiliary circuit at 2GHz operation is shown in Figure
3.27.

The power consumption and area are decreased because the auxiliary circuits and the
Gray-encoded ROM based architectures are used and the (2"-1)m pipeline latches after the
comparator outputs are removed.

With the sample-and-hold, interpolation, averaging and digital error correction technique,
the proposed A/D Converter achieves the goal of high speed conversion and low power

consumption.

3.5 Resistor Ladder.Design

The preamplifier amplifies-the difference between the input voltage and its reference
voltage. The reference voltages are generated by a'resistor ladder. The ladder network divides
the converter reference voltages in equal reference voltages for each preamplifier. One
important source of errors in flash A/D converter is caused by the capacitive feedthrough of
the high frequency input signal to the resistor reference ladder. The resistance value of the
ladder must be small to reduce feedthrough and then a small resistance will cause high power
consumption. A model is given to calculate the maximum allowed reference ladder resistance

for a given shift in the reference voltages [17]. The calculation model is shown in Figure 3.28.
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Figure 3. 28 Calculation model to derive the maximum ladder impedance

Consequently, the voltage at each tap of the ladder network can change substantially
from its nominal DC value, degrading the converter performance especially at high input
frequencies. The feedthrough from the input to the midpoint of the ladder is given by

Vg _ (@ +32) ith o =7f RC 3.18
V. a’432a+128 2 R A= (3-18)

n

If it is assumed that o << 1, equation 3.18 can.be simplified and the maximum reference
ladder resistance for given feedthrough can be calculated by
ivmid
— 4 Vin
MAX — .
finC (3.19)

Where C is the total capacitance from the input to the resistive ladder and f, is the input

frequency. With this formula, the maximum ladder resistance can be calculated for which the
feedthrough does not degrade the performance. This maximum ladder resistance gives rise to
certain minimum power consumption in the reference ladder. This is taken into account in the

global optimization. The total resistance of the ladder is approximately 752.
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3.6 Preamplifier Design

The preamplifier stage should be wideband and provide sufficient gain to overcome the
input-referred offset and kick-back noise from the comparators. The preamplifier is an
optimized combination of two differential amplifier pairs with resistances as load, as shown in
Figure 3.29. To achieve good performance over the whole input-range the bandwidth of the
preamplifier must be wide. This is due to the problem of variable signal delay caused by the
parallel structure of the different comparators (also called dispersion). This is an inherent

problem of the high speed A/D converters.

VDDA

o o]

Vin+ Vreft+ Vref- Vin-

T

Figure 3.29 The wideband preamplifier schematic

Suppose the high frequency sinusoidal signal is applied to an amplitude-limiting
preamplifier of the A/D converter. This amplitude limitation results in variation of delay times
of zero crossing of the differential stages. Each preamplifier sees a different section of the
sinusoid and so there is a large variation in slope seen by each preamplifier. This slope is
dependent on the level at which the input signal is equal to a reference voltage level. The
variable slope introduces a variable delay of the zero crossings of the output signal. Each

preamplifier can be modeled by a first order RC network [3]. The model used to calculate the
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signal-dependent delay is shown in Figure 3.30. The response of such a network differs for
different input slopes. This difference leads to a third order distortion, which can limit the
dynamic performance of the high speed converter if the bandwidth of the preamplifier is not

high enough.

Input signal R Output signal

C I
Amplitude I

Limiting Circuit =

First Order Bandwidth
Limiting Circuit

Figure 3. 30  The nonlinearmodel of a limiting preamplifier stage

To overcome this signal-dépendent -delay. resulting in distortion a limitation on the
bandwidth versus the input signal frequency of the preamplifier can now be calculated and the

result of this calculation is described by the following output equations [18].

V. =+/tan’ 7 +1sin(wt +77) + %cos 3ot (3.20)
with
3
g ~ exp(—0.5((Vy fp) (Vs Fiy)) =1 and  tanzm = ga)é‘td
Where V,, f,,, Vi, f, and &, represent the input linear range, bandwidth, full scale

range, input frequency and delay variation. In Figure 3.31 the results of the calculations are
ploted. In this design, the third-order distortion must be less than 40 dB and the overdrive
voltage is 0.2V. The Preamplifier Bandwidth / Input Frequency ratio must be higher than 3.

The simulation result of the wide bandwidth preamplifier is shown in Figure 3.32.
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From the figure 3.32, the value of gain is 9.4dB and the value of bandwidth is 3.2GHz. The
9.4 dB gain of the designed preamplifier can reduce the comparator input referred offset and
the 3.2GHz bandwidth design can keep the third-order distortion less than 40dBc when the

input signal is near the 1GHz.

3.7 Comparator Design

After the preamplifier, the comparator regenerates the amplified input difference into
valid digital logical levels. The comparator used in high speed converter is a very fast
regenerative structure. In order to cope with both the static offset due to mismatch and the
dynamic offset caused by the clocking- and latch-action of the comparator itself, the
architecture must be low kick-back comparator. To obtain a low kick back effect in
comparators and at the same tim¢ having a large CMOS logic output swing the circuit shown
in Figure 3.33 can be used [3][19]. In.this.comparator system the input differential stage M1
and M2 is loaded with a current mirror consisting of M3, M4 and M5, M6. The output of this

current mirror is applied to comparator stage consisting of M8 and M9 with the reset

s

Vo+

transistor M7.

M9

Figure 3. 33 Low kick back comparator schematic
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During reset mode, transistor M7 shorts the drain of M8 and M9. The output voltage is equal
to the gate-source voltage of these devices. The input stage sees as a load the diode connected
transistors M3 and M4. At the moment transistor M7 is switched off, then the cross-coupled
differential stage M8 and M9 start making a comparison with a large regenerative gain. As a
result a output signal appears at the drain of M8 and M9. In case a high level is obtained then
for example current mirror M5 connects to the output to VDDA. The diode input load remains
roughly at same level with small input signals. No kick-back effect is found with this

connection.
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Figure 3. 34 Comparator overdrive test

The comparator speed is dominated at the output pole of the cross-coupled pair which is

given by
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PREG - 3.21
CLoad ( )

The comparator overdrive test is shown in Figure 3.34. The comparator can perform very well

at 2GHz operation.

3.8 Digital Logic Design

The digital logic circuit is consisting of the auxiliary circuit, three-input AND gate,
Gray-encoded ROM, true single phase clock flip-flop [20] and Gray-to-Binary decode. The
outputs of the comparators constitute what is known as thermometer code. With using the
digital logic circuit, the thermometer code can be converter into a binary code and in the
meanwhile the bubble errors and metastability errors can be reduced by the auxiliary circuit,

three-input AND logic and Gray=encoded ROM, which is introduced before section.

Hﬁ%ﬁf
el 3

HFLEE

Figure 3. 35 The schematic of true single phase clock flip-flop
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Figure 3. 36 Gray:to-Binary-decoder with delay circuits

To operate at 2 GHz sampling rate and beyond, the flip-flops are implemented with true
single phase clocked (TSPC) circuits which are connected after the Gray-encoded ROM. The
outputs of Gray-encoded ROM are held for a whole clock period with a high-speed TSPC
flip-flop. The schematic of the TSPC flip-flop is shown in Figure 3.35. The Gray code is
converter into a binary code by the Gray-to-Binary decode. The Boolean functions of

Gray-to-Binary decoder is shown blow

bszgs

b4:g4@gs

b,=9,®09,D0;

b,=9,®9,®9,®g; (3-22)

b=0®09,99,©0,D0;
b0290@91®gz®g3@94®95
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The Gray-to-Binary decoder is consisting of the XOR gates with delay cells as shown in

Figure 3.36. The delay cells are added to match the delay mismatch between the signal paths.

3.9 Clock Generator Design

In high speed A/D converter, clock jitter randomly modulates the periodic sampling
instants of the S/H. Non-uniform sampling raises the noise floor of the digitized system,
degrading signal-to-noise ratio (SNR). Clock jitter is increasingly a concern relative to the
short period of high-speed A/D converters [21]. Given a sinusoidal input waveform with

amplitude A and radian frequency @, SNR due to clock jitter only is

2
SNR :10-10g£A2£2é_/|_22/2):—20-10g(a)-éT) (3.23)
where 0T is the rms clock jittet: According to' Equation 3.18, to obtain SNR of 38 dB (the
ideal SNR for 6-b quantization 0f a sine wave) at'input frequency of 1GHz, the rms clock
jitter should be less than 2 ps.

Figure 3.37 illustrates how the buffering is implemented for the clock with the
transmission gate and CMOS latches. The clock generator must be designed to have a
minimum numbers of buffer stages and sharp transition in order not to introduce large jitters.
The simulation result of the clock generator is shown in Figure 3.38. If the clock generator
does have the transmission gate and CMOS latches, the cross points of the CLK and CLKB
vibrate up and down to cause large jitters. If the clock generator adopts the transmission gate

and CMOS latches, the cross points of the CLK and CLKB vibrate smooth to get small large

jitters.
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Figure 3. 37 Clock generator with transmission gate and CMOS latches

The CLK path connects to sample-and-hold and comparators with the loading of 1000fF. The
CLKB path connects to digital logic including sample-and-hold, AND gates, ROM and TSPC

flip-flops with the loading of 800fF.
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Figure 3. 38 The simulation of the clock generator

56



3.10 Simulation Results

The overall A/D converter circuit simulation for two versions of the A/D converter will
be shown in this section. The static performance simulation in time domain analysis of whole
A/D converter and the dynamic performance simulation in frequency domain analysis of
whole A/D converter are presented. The static performance includes the differential
-nonlinearity (DNL) and integral-nonlinearity (INL). The dynamic performance includes the
signal-to-noise-and-distortion ratio (SNDR), spurious-free dynamic range (SFDR) and
effective number of bits (ENOB). The first version A/D converter circuit design has some
problems due to improper conditions at the edges of the preamplifiers. After improving

circuits, we get the second version A/D converter.

3.10.1 Static Performance Simulation

The static performance of first version-A/D converter with interpolation and averaging
techniques is shown in Figure 3.39. The DNL is less than 1.47LSB and INL is less than 1.83
LSB. The static performance of second version A/D converter with interpolation and
averaging techniques is shown in Figure 3.40. The DNL is less than 0.1LSB and INL is less

than 0.14 LSB.
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Figure 3. 39 DNL and INL simulation of first version A/D converter
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Figure 3. 40 DNL and INL simulation of second version A/D converter

58



3.10.2 Dynamic Performance Simulation

Figure 3.41 shows the dynamic performance of first version A/D converter at 2GHz

sampling rate and 2MHz input frequency. The simulated SNDR, SFDR and ENOB are

29.54dB and 30.64dB and 4.61bits.

Figure 3.42 shows the dynamic performance of first version A/D converter at 2GHz

sampling rate and the SNDR is decreased due to improper conditions at the edges of the

preamplifiers.

Figure 3. 41
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Figure 3.42 SNDR and SFDR veérsus mput frequency for first version A/D converter,

sampled at 2GHz

Figure 3.43 shows the dynamic' performance of second version A/D converter at 2GHz
sampling rate and 7.81MHz input frequency. The simulated SNDR, SFDR and ENOB are
37.51dB and 48.94dB and 5.93bits.

Figure 3.44 shows the dynamic performance of second version A/D converter at 2GHz
sampling rate and 492.18MHz input frequency. The simulated SNDR, SFDR and ENOB are
35.22dB and 38.65dB and 5.55bits.

Figure 3.45 shows the dynamic performance of second version A/D converter at 2GHz
sampling rate and 976MHz input frequency. The simulated SNDR, SFDR and ENOB are
32.20dB and 33.68dB and 5.05bits.

Figure 3.46 shows the dynamic performance of second version A/D converter at 2GHz

sampling rate and input frequency from low frequency to Nyquist frequency.
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Figure 3. 43 Dynamic performance at a input frequency of 7.8 1MHz for second version A/D
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Power consumption (mW)

Power consumption (mW)

(interpolation) (full preamplifiers)
Clock generator 7.5 7.5
Sample-and-hold 17.1 17.1
Resistor ladder 0.2 0.2
Preamplifier 16.6 32.8
Comparator 73.8 73.8
Auxiliary circuit and AND gate | 0.9 1
Gray-encoded ROM and TSPC | 0.3 0.3
Gray-to-binary decode 0.7 0.8
Total 117.1 133.5

Table 3. 1

Power saving after using interpolation technique

Technology CMOS 0.13 ym
Supply voltage 1.2V
Resolution 6 bits

Sampling rate 2 GHz

Full scale input 0.5 Vpp

DNL/INL

0.1LSB/0.14LSB

SNDR@fin=7.8 1MHz/976.56MHz

37.51dB/32.20dB

SFDR@{fin=7.81MHz/976.56MHz

48.94dB/33.68dB

ENOB@fin=7.81MHz /976.56MHz

5.93 bits/5.05 bits

Power dissipation

117mW

Table 3.2 The summary of second version A/D converter performance
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Figure 3. 47 The FOM ecomparison with publication paper

Table 3.1 shows the power saving ‘after using interpolation technique. The preamplifier array
can reduce 16.2mW when using interpolation technique. Table 3.2 shows the summary of
second version A/D converter performance. The total power dissipation is 117mW and ENOB
is 5.05 when input frequency approaches Nyquist frequency. The value of figure-of-merit
(FOM) can be calculated and FOM without output buffer is 1.81pJ. The FOM comparison
with other publication paper [15][22][23][24][25][26][27] are shown in Figure 3.47 The FOM
is much lower than other published paper in our design by using sample-and-hold,

interpolation, averaging and digital error correction technique.
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CHAPTER 4

EXPERIMENT RESULTS

We have two versions of the A/D converter circuit design and just send the first version
A/D converter for tape-out. After each circuit has been designed and simulated, this chapter
starts with some back-end considerations for first version A/D converter, including layout
technique, parasitic effects of package and bond wire, the electrostatic-discharging (ESD)
protection, design of printed circuit board (PCB) and also measurement setup. While device
scaling has enhanced the speed of transistors, unwanted interaction between different sections
of integrated circuits as well as non-idealities in the layout and packaging increasingly limit
both the speed and the precision of such 'systems. Today’s circuit design is very heavily
influenced by back-end considerations. Since-this analog-to-digital converter design operates
at high frequency as several mega-hertz to.giga-hertz, these back-end considerations have

great influences on the performance of proposed design.

4.1 Layout Design Consideration

For A/D converter circuit design, even with the same schematic design, different layouts
will make entirely difference performance of the circuit. Therefore, the design of the layout is
an important topic, especially for high frequency design. The most important things of the
layout are parasitic and mismatches. For example, long metal lines will cause the parasitic
capacitance and resistance to decrease the bandwidth and gain loss of the circuit. Improper

layout could result in large difference of performance between simulated and measurement
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result, or even result in failed circuits.
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Figure 4. 1 Layout floorplan of A/D converter

The chip floorplan is shown insFigure 4.1. Layout plays an important role for the A/D
converter design, since there are-usually analog and digital parts in a A/D converter, and the
signal coupling from digital part'to sensitive analog part should be avoided. The analog power
supply and digital supply are separated.and the-double guard ring is added in analog circuits
and digital circuits to prevent the analog circuits from the digital noise. The power supply for
the analog part and digital parts are only 1.2V. The analog power supply is fed to
sample-and-hold, the preamplifier array and the comparator array and the digital power
supply is fed to auxiliary circuits, AND gates, Gray-encoded ROM, TSPC flip flops,
Gray-to-Binary decoder, clock generator and output buffers. In order to avoid large supply
noise and ground bounce, large decoupling capacitances are added in DC power line for
whole chip area. All the line widths are drawn according to following criteria, minimizing
parasitic capacitance and series resistance. The DC current paths should be wide enough to
prevent electro-migration. The line length of signal path should be kept as short as possible.

The layout photograph of the flash A/D converter is shown in Figure 4.2, and the core circuit
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Figure 4. 2 Core layout photograph of the A/D converter

4.2 ESD Protection and Package

In the package, the electrostatic discharge (ESD) protection is added to each I/O pin. For
thin oxide process, ESD protection is also a critical issue. Due to the process scales down, the
channel is shorter and the tolerance of the gate voltage is smaller. Thus, MOSFET will be
easily punctured. Figure 4.3 illustrates the ESD protection circuit used in proposed design.
The diode-chain protection will guide large number of charges to VDD or GND, and the large
gate-grounded NMOS will break down once a large potential across VDD and GND resulting

in the charge in VDD flowing through NMOS to GND. The ESD circuit is provided by UMC
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with 3.6kV human body mode (HBM) tolerance and induces around 40fF parasitic capacitor

at each pad.
ESDVDD
g Internal Power-Rail
Circuit Protection
/10 Pad
ESDGND

Figure 4.3 ESD protection circuit

The QFN32 package providediby SPlL.is.employed in proposed design. This package is
limited to 32 1/O pins. The overall area of package is 5 x 5 mm’. The package model
including bond wire effect of each.I/O pin is-depicted in Figure 4.4. The parasitic capacitor
induced at each 1/O pad is around 40fF while the series inductance induced by bone wire is
about 1nH. Furthermore, the parallel capacitor will lead to signal coupling between adjacent

pin which are the most concern of proposed design.

IC Package
Trace

_Lf@j(j\ Mo PCB

1

Figure 4. 4 Package model

Bondwire

Die
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Figure 4. 5 Layout photograph of the A/D converter

The final layout photograph of the A/D converter is shown in Figure 4.5 including the A/D
converter core circuit and ESD circuits. The chip is separated by analog part and digital part

to avoid noise coupling. The layout area include 10 pad is 1686um x 1686um.
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4.3 Printed Circuit Board (PCB) Design

The printed-circuit board (PCB) is designed by using Protel 99 SE. The pin assignment
is shown in Figure 4.6 and the function of the pin is shown in Table 4.1. In order to prevent
noise coupling from digital circuits to analog circuits, the analog part and the digital part are

separated. The analog power supply and digital power supply are also separated.
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Figure 4. 6 The schematic of the pin assignment

As for the implementation of printed-circuit board (PCB), we adopt “R0O4003” as our
dielectric owning to this material has less loss at high frequency operation. We employ
four-layer board to firm up the copper signal line, and further stabilize the high frequency
signal paths. The large bypass capacitors are also added in the PCB in order to provide a
stable DC voltage and avoid the unexpected performance degradation. The schematic of the
PCB design is shown in Figure 4.7. The input differential signal is created by a transformer

and signal generator. The PCB layout view is shown in Figure 4.8.
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Pin Number | Pin Name |Function

1 VC Comparator current bias

2 VBIAS Preamplifier current bias

3 VA Sample-and-hold current bias
4 VIN Negative differential input signal
5 VIP Positive differential input signal
6 VRT Resistor ladder top voltage

7 VRB Resistor ladder bottom voltage
8 VDDE Supply of ESD Protection

9 GNDE Ground of ESD Protection

10 VDDD Digital power supply

11 VDDD Digital power supply

12 VDDD Digital power supply

13 VDDD Digital power supply

14 GNDD Digital ground

15 GNDD Digital ground

16 GNDD Digital ground

17 SYN Synchronization for measurement
18 BS Digital Output (MSB)

19 B4 Digital Output

20 B3 Digital Output

21 B2 Digital Output

22 B1 Digital Output

23 BO Digital Output (LSB)

24 GNDD Digital ground

25 CLKIN Input clock signal

26 VI+ Test pointl

27 VI- Test point2

28 GNDA Analog ground

29 VDDA Analog power supply

30 VDDA Analog power supply

31 VDDA Analog power supply

32 GNDA Analog ground

Table 4.

1 The function of the pin assignment.
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Figure 4.9 The PCB of the flash A/D converter

The clock signal is created by a signal generator and a bias-tee. The input signal and clock
signal path have to concern the input matching to prevent the signal degradation and the
output of the A/D converter has to assign a synchronization pin for measurement. The PCB of
the A/D converter is shown in Figure 4.9. The material of the PCB is RO4003 which is
suitable for high frequency operation. In order to filter the supply noise, large bypass

capacitances are located near the chip.
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4.4 Measurement Setup

ESG:E4432B
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— ?~ g
Analog Power Supply Clock Input
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Reference 528MHz :> i &
I Flash ADC 5
Digital Power Supply Logic Analyzer :16902A
N % I-‘-— = Tag f :“::: Signal Input
ESG:E4432B

PCB2
Single to Differential

Figure 4, 10, s sMeasurement plan

The measurement setup is ;also|an important issue in the A/D converter design. The

|

measurement plan is shown in Figure 410 We qeed several instruments such as ESG, Logic
Analyzer, Oscilloscope and Pov:/erSuﬁ)ly.v The ‘irr‘lput and output of these instruments are
usually single-ended, so single-to-differential“c‘onversion is needed. The single-to-differential
input signal is generated by the transformer which the model is Mini-Circuits ADT4-6WT.
The analog input signal source and the clock source are generated by the ESG which is
produced by Agilent E4432B and The input signal clock is produced by the Bias-T which the
type is ZNBT 60-1W. The transformer and Bias-T are shown in Figure 4.11. The module of
the logic analyzer is 16902A which the timing can achieve 2GHz.The testing environment is
shown is Figure 4.12 and the device under test is shown in Figure 4.13.

Transformer Bias-T
- - -

Figure 4. 11 Transformer and Bias-T
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Figure 4. 13 Device under test
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4.5 Measurement Results

The low-power high-speed flash A/D converter architecture with sample-and-hold,
interpolation, resistive averaging and digital error correction technique and design concepts
are described in Chapter3. In this section, we just show measurement results of first version
A/D converter because second version A/D converter is not sent for tape-out and the first
version circuits is fabricated by UMC 0.13um single-poly-eight-metal (1P8M) CMOS
technique. The analog power supply and digital power supply are 1.2V and the power
dissipation is 88.93mW at 2GHz sampling rate. The data files are computed by the FFT
testing [28] to measure the signal-to-noise-and-distortion ratio (SNDR), and spurious-free
dynamic range (SFDR). The differential -nonlinearity (DNL) and integral-nonlinearity (INL)

measurement is adopted by the histogram testing method [29].

4.5.1 Dynamic Testing

The dynamic testing plot from instrument is shown in Figure 4.14. The input frequency

is 1.007MHz and the sampling frequency is 300MHz.
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Figure 4. 15 Dynamic performance versus sampling frequency

The dynamic performance of the A/D converter is shown in Figure 4.15, the SNDR and
SFDR is plotted against the sampling frequency. The input frequency is 2MHz and the SNDR
1s 27.97dB and SFDR 1is 29.04dB when the clock frequency at 2GHz. The effective number of

bits is calculated equal to 4.3 bits.
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4.5.1.1 Sampling Frequency at 300MHz

The dynamic performance of the A/D converter at 300MHz sampling frequency is
described in this section. Figure 4.16 shows the FFT plot at 1.007M. Figure 4.17 shows the
SNDR versus input frequency at 300MHz sampling rate and the SNDR is decreased due to
improper conditions at the edges of the preamplifiers. Figure 4.18 shows the SFDR versus
input frequency at 300MHz sampling rate. Figure 4.19 shows SNDR versus sampling rate at
IMHz input frequency. Figure 4.20 shows SFDR versus sampling rate at 1MHz input

frequency.
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Figure 4. 16 FFT plot at 1.007MHz input frequency.
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4.5.1.2 Sampling Frequency at 2GHz

In this section, the operation frequency at 2GHz is presented. Figure 4.21 shows the
SNDR versus input frequency at 2GHz sampling rate and the SNDR is decreased due to
improper conditions at the edges of the preamplifiers. Figure 4.22 shows the SFDR versus
input frequency at 2GHz sampling rate. Figure 4.23 shows SNDR versus sampling rate at

2MHz input frequency. Figure 4.24 shows SFDR versus sampling rate at 2MHz input

frequency.
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Figure 4. 21 SNDR versus input frequency at 2GHz sampling rate
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Figure 4. 24 SFDR versus sampling rate at 2MHz input frequency

4.5.2 Static Testing

The 16384 samples of data are collected to compute the DNL and INL which is shown in
Figure 4.25 and 4.26. The sampling frequency is 2GHz and input frequency 2MHz sine wave
is digitalized by the A/D converter under test. The measurement DNL is between +1.56 and
-1.00 LSB and the measurement INL is between +1.91 and -1.85 LSB. The offset error is bad

controlled in the A/D converter design to degrade the performance.
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Figure 4. 26 Measured INL error
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4.6 Summary

This chapter described in detail the experimental for the chip showed the measurement
results of the implementation of the flash A/D converter in 0.13um CMOS process. The total

power dissipation is 88.93mW at 2GHz sampling rate. The measurement of the flash A/D

converter is summarized in Table 4.2.

Parameters Measurement Results
Resolution 6 bits
Conversion Rate 2GHz
DNL @ 2GHz sampling rate +1.56 LSB / -1.00 LSB
INL @ 2GHz sampling rate +1.91LSB / -1.85LSB
Input Range 0.5V Vpp differential
SNDR@2MHz input signal 27.97 dB
SFDR@2MHz input signal 29.04 dB
ENOB@2MHz input signal 4.3 bits
FOM 30.4 pJ
Analog/ Digital Power dissipation 64.27mW/ 24.66mW
Supply Voltage 1.2V
Technology UMC 0.13um CMOS

Table 4. 2 Measurement performance summary
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CHAPTER 5

CONCLUSIONS

5.1 Summary

A 6-bit low-power high-speed flash A/D converter is proposed for UWB wireless
applications. Use sample-and-hold to improve dynamic performance of A/D converter. when
the input frequency is near the Nyquist frequency. Use interpolation technique to reduce the
number of preamplifier and input capacitancé: The A/D converter with interpolation
technique consumes less power than full flash.and improves differential non-linearity (DNL)
of A/D converter. Add averaging resistance to reduce the offset of preamplifier and
comparator and reduce the DNL to improve linearity. About 83% power saving by averaging
resistance in preamplifiers is achieved. Use digital error correction technique to reduce bubble
error and metastability error. The power of (2"-1)m pipeline latches is eliminated by the
digital correction circuit. By combining these techniques, the first version A/D converter
consumes about 88.4mW from 1.2V power supply at 2GSample/s and the
signal-to-noise-and-distortion ratio (SNDR) and spurious-free dynamic range (SFDR)
maintain above 29.54dB and 30.64dB for input frequency of 2MHz. The peak differential
-nonlinearity (DNL) and peak integral-nonlinearity (INL) is less than 1.47LSB and 1.83LSB.
By combining above techniques, the second version A/D converter consumes about 117mW
from 1.2V power supply at 2GSample/s and the SNDR and SFDR maintain above 32.2 and

33.68dB for input frequency of 976MHz. The FOM of the A/D converter is 1.81pJ. The peak
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DNL and peak INL is less than 0.1LSB and 0.14LSB.

The chip of first version A/D converter is fabricated in 0.13-um CMOS technology. The
supply voltage of analog and digital circuits is 1.2V and feeds them separately. The total
power dissipation is 88.93mW at 2GHz sampling rate. The measurement of the SNDR is
27.97dB and SFDR is 29.04dB under 2GHz sampling rate and 2MHz input frequency. The
measured DNL and INL are +1.56/-1.00 LSB and +1.91/-1.85LSB. The effective number of

bits (ENOB) is calculated equal to 4.3 bits.

5.2 Future Work

In this thesis, we have two versions of the A/D converter circuit design. We just send the
first version A/D converter for tape-out and theré-are some design considerations which are
not paid an attention. We give some recommendations and improvement in this section. First,
circuit simulation time is too long te -waste.a_lot ‘of time. In order to eliminate the long
simulation time by HSPICE or SPECTRE, the behavior model can be constructed by
MATLAB/SIMULINK to understand the influence on the A/D converter due to device
mismatches and also realize the dynamic performance of the A/D converter. Second, the high
speed testing is difficult for digital output. In order to have a better measurement performance,
the digital output signal can be decimated at A/D converter output for measurement or design
low-voltage differential signaling (LVDS) drivers at digital outputs for high speed digital
applications. Finally, the second version of the A/D converter circuit design will be for next

time tape-out and will get better performance in the future work.
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Appendix

The first cross-coupling type S/H configuration

PMOS Loading
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Figure A. 1 The first cross-coupling type S/H Configuration

Gain analysis:
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Figure A.2 The small signal of the first cross-coupling type S/H for gain calculation
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VOUT 1 r-02
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= OmaloaVs oy + 1 /(1+ 90 1)
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Iy + 0+ 9,0,

VOUT 2 =

2 (A.2)

From figure, use superposition method and then the single output voltage is given by

gmlrolroz V. + - gmzrozrol
1
r01 y (1 + gmlrol)roz r01 + (1 + gmlrol)roz

VOUT+ :Voun +VOUT2 -

r,r

V — ol 02 V i \/
OuT + r + (1+ gmlrol)roz (gml T Y 2) (A.3)

Substitute V1 = —V2 into equation (A-3).'Solving this gives gain shown by

VOUT+ _ Si

— 0l702 +
Vl r01 + (1 + gmlrol)roz (gml gmz) (A4

3dB frequency analysis:
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Figure A.3 The small signal of the first cross-coupling type S/H for 3db frequency

calculation
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0= Cg31(r01 r,), @& = 272=f1 -
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T3 = gdz(ol 02), @ 3 7, 3 27,

So, @; isadominant pole and 3db frequency is given by

1

f :f = =
W 2ar 2aC,(r, //T,)

The second cross-coupling type S/H configuration
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Figure A. 4 The second cross-coupling type S/H Configuration

Gain analysis:
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Figure A. 5 The small signal of the second cross-coupling type S/H for gain calculation
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VOUT 2 = 2 (A.10)

From figure, use superposition method and then the single output voltage is given by
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Substitute Vl' = —Vz' into equation (A.11). Solving this gives gain shown by
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3dB frequency analysis:
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Figure A. 6 The small signal of the second cross-coupling type S/H for 3db frequency

calculation
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= 2nf,

Ts = gs3(r03 // r04) a)S -
Ts

0 =05, ©0,=0,, O <<,

and 3db frequency is given by

1 1

f3db = fl =

27t,  27C 1 (0, /1 T,,)

9
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(A.17)

So, @, or W5 is a dominant pole

(A.18)



e A

g

o AR AT B
1973 #2 7 7p

SHe

3

oot irkiE3l B 6 5L
M=l ~F TPFm 232388 pLrr

FrRE1IER RF IR

g AIFLHIL 4 T FLuiplsda Az fr

FAR 4 UL AU R IR

A Low-Power High-Speed ‘A/D Converter Design for UWB Wireless

Applications

TR AR 2 M

97

TS Sut: g

*'-'H

>P\\-

2003/09 ~ 2007/06
1992/09 ~ 1996/06
2000/06 ~ 2006/09
1998/06 ~ 2000/04

};
-n\-



