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ABSTRACT

This paper describes a 10-bit 150MS/s CMOS parald pipeline
ADC. The converter includes four parald interleaved pipeline
A/D converters with analog background calibration using
adaptive signal processing, an extra channel, and mixed signal
integrators that match the offsets and gains of time-interleaved
ADC channels. With monolithic analog background calibration,
the SNDR in all corner cases (SS, SF, FS, FF, and TT) and
temperature between —40°C to 85°C is better than 57dB. The
power consumption is 1200mw at a 3.0V supply voltage. This
work is achieved in a0.6 um CMOS process.

I.INTRODUCTION

The increasing range of wide-band wirdess Communication
Standard, like the Universal Mobile Telecommunication System
(UMTS), Wireless Local Loop (WLL), and Local Multipoint
Distribution Services (LMDS), will evolve to high data rate
applications within the next few years. The throughput rate of
digital signa processing systems operating on analog inputs is
often limited by the speed of the anaog-to-digital (A/D)
interface. So, for these applications we need the high resolution
and very high sampling rate A/D converters.

To increase the speed of A/D converters beyond the
technological limitations, more than one anaog-to-digital
converter (ADC) component, are interleaved in time as shown in
Fig.1 [1], [2], [3], [5], [7], [8], [9]. Unfortunately the use of
parallel ADCs has limited application because 1) the silicon area,
and power consumption are increased dramatically, and 2) the
performance of time-interleaved is degraded by the mismatches
among the multiple channels. These mismatches include gain,
offset, and timing mismatches that give rise to fixed-pattern
effects, which are manifested as spurious harmonics in the
frequency domain [2]. Previous monolithic time-interleaved
ADC arrays used careful layout, foreground calibration, digital
filters, or trimming to minimize the effects of these mismatches
[3], [5], [10]. This paper describes a paralle pipeline ADC that
uses the adaptive background calibration to match the gains and
offsets of the channels [8], [9]. Background calibration is able to
track variations over time and, it dose not interrupt the
conversion process of ADC.

In section IlI, brief views of 1.5bit/stage pipeline ADCs are
described. In section I11, the parallel pipeline architecture and
their problems are presented. The circuit description of this ADC
is brought in section IV. Finally, section V contains the adaptive
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Fig.1: Time-interleaved ADCs.

cdibration method, and section VI, contains the simulation
results.

II. REVIEW OF PIPELINE ADC

The functional block diagram of a 1.5bit/stage pipeline ADC is
shown in Fig. 2. The characteristics of this ADC are described in
[3] and [4]. The system consists of several cascaded gain stages,
as shown in Fig.3. Each stage comprises of two comparators, a
multiplexer, and a gain stage. Digita output codes of
comparators drive a multiplexer to make a quantized analog
estimate of the input. The multiplexer output is then subtracted
from the input to make a residue, which is gained up by two and
transferred to the next stage. The next stage manipulates on the
residue of previous stage. In each stage, 1.5bit of input signal is
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Fig.2: A pipeline ADC with 1.5hit/stage architecture.
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Fig.3: A single ended configuration of a stage of 1.5hit/stage
pipeline ADC.

TABLE I: Summary of performance limitation and solutions.

Problem Effects Power Solutions
Channel offset Tones at: kEs B offset cancelation

mismatch M o2 or calibration

k=1to (M-1) (analog or digital)
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Sampling-time
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quantized except the last one, which has three comparators, and
2bits are quantized. In implementation of pipeline multistage
ADCs, digita error correction is usually employed with 0.5-bit
or 1-bit redundancy between stages except the last one [3], [4],
[6]. This relaxes the offset requirements of the comparator to
2-bit level. If the comparators have offsets lower than Vgee/4 the
system corrects the final digital output code.

1. PARALLEL PIPELINE ADCs

This ADC uses multiple pipeline ADCs in paradld time-
interleaved configuration in order to increase throughput. Fig.1
shows a block diagram of M time-interleaved ADCs. Each ADC
operates at the sampling rate of F/M, where M is the number of
parallel ADC channels. On the |eft side, an analog demultiplexer
selects an ADC to quantize the input 1(t). On the right side, the
corresponding multiplexer selects the digital output of the ADCs.
The overall system operates in sampling rate of F.. Each channel
contains, an input S/H followed by a cascade of pipeline stages.
Performance of parallel pipeline ADCsis limited by two factors;
first, by matching among the ADC channels. Three major
sources of mismatch in time-interleaved ADCs are offset, gain,
and sampling time mismatches among the channels. Second, the
speed of each individual channel is limited by settling time of
S/H and gain-stage in hold mode, which is determined, by op-
amp settling time. In Table I, summary of performance
limitation, mismatch error power, and solutions in the design of
parallel pipeline ADCs are described [1], [2]. Here 52 is the
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is the sampling-time variance; A and w,, are amplitude and
frequency of theinput signal, respectively.

channels offset variance; o2 is the channels gain variance; o2
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Fig4:. A tWo-sfage op-amp.
IV.CIRCUIT DESCRIPTION

In the main pipeline ADC, two basic building blocks are used.
The speed of the ADC depends on the speed of these blocks. In
the following section, their schematics, and properties are
described.

A. High-Swing Amplifier

In pipeline ADCs, speed is limited by the settling time of the op-
amp in its closed-loop configuration. So, op-amps with high
GBW and high dc gain must be used. Most designers use one-
stage op-amps with gain boosting or two-stage op-amps; Gain
boosting technique uses four auxiliary op-amps that increase
power consumption and silicon area. So, in this work a two-stage
op-amp is used as shown in Fig.4. This configuration gives
enough dc gain and GBW. This op-amp is very fast, has high
swing and is a good choice for low voltages. In this
configuration, two SC Common Mode Feedback (CMF) are
used. First-stage of this op-amp does not need to accommodate a
large voltage swing, so small transistor sizes can be used. This
makes the parasitic capacitances smaller, which in turn makes
the op-amp faster.
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Vout* Vout™

Fig.5: A dynamic latch comparator.
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. — calibration, and the most recently calibrated ADC replaces it in
@—’@ the conversion mode.
0y 9 Fig.7 shows the calibration loops of one of the five ADC
M > channels. Here the ADC under cdibration is ADCi; o is ith
D o % our channel offset adjustment coefficient; g; is ith channel gain
10—l 1 M R adjustment coefficient; g is the difference between the output
v i X codes of ADCi and the reference ADC, and n is the sampling
s B time index. The LMS loop adjusts o; and g; of ADCi, until the
@—’@ error power is minimized. This occurs when the overall offsets
04 Os and gains of the reference ADC and ADCi are the same. The
' M 1 gain and offset terms are updated using the following equations
- S l 05 95 1 ul - [8]:
clector b 0101020,039304 040505 X,
Seteet P rLar ey Selector 01 (n+1) =0, (n) + usgn[e; ()] ()
Calibration Reference ADG — analog gi(n+1) = g;(n) + usign[Y; (n)]sgn[ & (n)] 2
GESFZZ?:JUV Calibrzpi(cj)n Ckt N ol
' Equation (1) and (2) are simplified versions of the standard LMS
equations [11]. This configuration simplifies the required
Fig.6: Adaptively calibrated ADC system. hardware. In this equations, the sgn() function is defined as:
V() +1, e >0
: : Reference ADC Sgn(q()z O, —65 q( < 5 (3)
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Fig.7: Mixed-signal adaptive calibration loop.

B. Latch Comparator
A 1.5bit/stage pipeline ADC employing digital correction does
not require a low-offset comparator. The dynamic comparator
shown in Fig.5 operates without sampling capacitors and has
fairly low power consumption [3]. The input nodes are
connected to the outputs of the previous stage. When latch="0",
the comparator is in the reset mode and the outputs are low,
when latch="1", the comparator compares input signal with the
scaled reference voltage, to make a decision.
This comparator has a poor common mode rejection ratio
(PSRR) with an offset that is dependent on the input common
mode voltage.

V.CALIBRATION

Fig.6 shows a block diagram of a time-interleaved ADC system
that uses adaptive calibration to overcome gain and offset
mismatches [8]. Five high-speed pipeline ADCs are used in this
work, of which, four ADCs are in sampling mode; while the
other one is in cdibration mode. The selected ADC and
reference ADC (that is usualy algorithmic) are fed with identical
inputs from the calibration signal generator. The gain and offset
of the selected ADC is adjusted to match with the reference
ADC. The gain and offset adjustment are made using simplified
version of the Least Mean Square (LMS) agorithm [11]. Once
the cdlibration cycle is completed, another ADC is selected for

The 6 in(3) isan LSB of the ADC.
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VI.SIMULATION RESULTS

The circuit is simulated in a 0.6- um CMOS process. The circuit
operates at a 3.0V supply, and with 2V, input differential
voltage.

Fig.8 shows a Fast Fourier Transform (FFT) of the output before
calibration, when a 3.9453125MHz full-scale sine wave input is
sampled at the full clock rate (150MS/s). The tones caused by
the gain and offset mismatches are at 33.801MHz, 41.198MHz,
71.301MHz, 37.5MHz, and 75MHz with amplitude of —54.2dB,
-54.4dB, -72.4dB, -39.5dB, and -74.6dB, respectively.

These tones correspond to the gain mismatch of 0.295% and an
offset mismatch error of 3.94LSB. These spurious tones limit the
SNDR of thisADC to 39.1dB.

Fig.9 shows an FFT of the ADC output after calibration, the
same input was applied. The cdlibration loop was activated for
2000 calibration cycles. After 150 cycles the calibration loop
converged and the gain and offset of the selected ADC channel
was adjusted with the reference ADC. Tones caused by gain and
offset mismatches are —73dB, -73.8dB, -70.9dB, -69.1dB, and
-79.7dB, which were reduced by —18.8dB, -19.4dB, 1.5dB,
-29.6dB, and —5.1dB, respectively.

The system level Monte Carlo simulations were done, and the
simulation results show that the DNL and INL are better than
0.85LSB and 0.8LSB, respectively as shown in Fig.10, and in
Fig.11.

VII. CONCLUSION

This paper describes a 10bit 150MS/s parallel pipeline ADC.
The gain and offset mismatches of channels are reduced by
adaptive background cdlibration. The power consumption and
silicon area of time-interleaved ADC increase linearly by the
number of channels.
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