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Abstract- A 1.056 GS/s, 5-bit/6-bit switchable flash analog-to- ADC which can adapt its resolution according to the system's
digital converter (ADC) is designed in 0.18-gm CMOS, which dynamic operation mode and to optimize the power utilization.
is suitable to be used in an OFDM-UWB transceiver. A With 1.056 GS/s sampling frequency and an ENOB of 4.2 bits and
resolution switchable structure is proposed to optimize power 5.0 bits, respectively, at an input signal frequency of 413 MHz, the
consumption according to the dynamic requirement of the ADC fulfils the different data rates requirements of the MB-OFDM
application. Two-stage interpolation and averaging techniques system. Due to its large ERBW different receiver topologies can be
are employed to average the offset of the preamplifiers. Monte supported. However, the proposed ADC will not be limited to only
Carlo simulation results show that the proposed ADC achieves these applications.
4.2b/5.Ob ENOB in 5-bit/6-bit working modes with a 413-MHz This paper is organized as follows: section II illustrates the flash
input signal. The mean value of DNL and INL is 0.32 and 0.56 ADC architecture and the key ideas to improve the linearity and
LSB for 5-bit mode, while 0.47 and 0.62 LSB for 6-bit mode. reduce the power consumption. Section III describes and explains
The analog part consumes 36 mW and 98 mW from a 1.8-V the circuit implementation of the main building blocks. Finally, in
supply in 5-bit and 6-bit operation mode, respectively. section IV simulation results are provided to verify the effectiveness

of the design and to demonstrate the performance of the ADC.

I. INTRODUCTION
II. ADC ARCHITECTURE

There is growing interest in commercial Ultra-WideBand
(UWB) communication systems since FCC opened up 7,500 MHz The block diagram of a 5-bit/6-bit switchable flash ADC with
of spectrum (from 3.1 GHz to 10.6 GHz) for use by UWB devices, resistive averaging and interpolating is presented in Fig. 1. The
At present, both direct-sequence impulse communications and resistive ladder sub-divides the converter reference voltage into a
multiband OFDM UWB systems [1] are under consideration for the set of 24 reference voltages, which are compared in parallel with the
standard. This paper deals with the ADC design for the multiband analog input signal by the subsequent differential preamplifiers.
OFDM system. The ADC resolution is determined by the tolerable Resistive averaging and interpolating have been adopted to reduce
quantization noise the AGC resolution, and the level of WLAN the mismatch effect and the number of preamplifiers. Twoiuanterferences that e oy preotiay atenued bthe basebaWLAN switching arrays are used before and after the second preamplifierinterferences that are only partially attenuated by the baseband

tg oraietesicigbten5btad6btrsltochannel-select filter. In [2], it has been proved that the use of a 5-bit stage to realize the switching between 5-bit and 6-bit resolution
front-end ADC with 4-bit Effective-Number-Of-Bit (ENOB) for working modes. The second gain stage will be shut down and
110/200 Mbps, and a 6-bit ADC with 5-bit ENOB for 480 Mbps is skipped at 5-bit resolution mode to save power. The comparator
suff1cient for MB-OFDM UWB system. array can also be split into two groups, one of which will be turned

off when the converter working with 5-bit resolution. To relieve the
The ADC is always a power-hungry component for the whole comparator offset requirements, pre-amplification, interpolation and

analog front-end of the UWB transceiver. Since the UWB systems averaging techniques have been applied. A logic decoder converts
are always used in portable devices, low-power designs are the thermometer code generated by all the comparators into a binary
therefore of critical importance to extend the battery life. Where code that approximates the input signal every clock cycle.
maximum sampling rate and low to moderate resolution is required,
flash ADCs are still a good candidate of choice [3, 4]. However, the Generally, there are three main techniques explored in this
major advantages of flash architecture also present its main problem: design to realize the ADC.
the number of comparators increases exponentially with the * Resolution scalable according to the transceiver's working
resolution specifications, leading typically to a large die area and condition, including the working data rate, AGC resolution and
high power consumption. When a converter with 5-bit is enough for the performance of the baseband channel-select filter.
data rates of 110/200 Mbps, the use of an extra bit resolution will * Use of interpolation to reduce preamplifier number and
increase the power consumption and will be uneconomical. To employ averaging to alleviate the mismatch impact on
overcome this problem, we present a resolution switchable flash
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Fig. 1: Resolution-switchable flash ADC with resistive averaging and interpolation
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In+ P L1_< K and V0Ut- is then regenerated to full swing. In reset phase, M0 turns

/ | ~~~>< BTS
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BSf zz off and all reset transistors MAM12 turn on. The reset devices
lM 1M2 eliminate all imbalance charge, so the previous data is

I n- ~ VbS vX out+ cleared. The input referred offset of the comparator due to device
BS W1 Comparator mismatch can be made relatively small by the two preceding gain

BS : Tstages and the averaging technique; therefore we can use small size
SC2j transistors to ensure high-speed operation.
BS In Fig. 5, the power-down control circuit inside the dashed

circle is added only to 32 out of the total 65 comparators. When the

BSw=ch 5-bit BS=1t6-bit bit-select signal BS=O, current source M0 turns off and the current
BS'O,5-bit; BS ~l, 6-bit path of the comparator has been cut off. To avoid delay mismatch,

current Mo and pulled-down to GND by MB, so that the second gain dummy control circuits have been added in the remaining 33
stage will be cut-off and then not consuming additional power. comparators which are operating in both 5-bit and 6-bit modes.

The switching circuit before and after the second gain stage is
illustrated in Fig. 4. Here single differential amplifier with resistive IV. SIMULATION RESULTS
load is used as the second gain stage for its simplicity and wide
bandwidth. When the ADC works with 5-bit resolution, BS=O, S1, The proposed resolution-switchable flash ADC has been
S2 are on while switches S3, S4, S5 and S6 are off, thus the second implemented using a 0.18-ptm CMOS process and simulated at
stage amplifier and the following interpolating resistors string are circuit-level. The effectiveness of the proposed ADC with
skipped. From previous analysis we know that the amplifier is averaging and interpolating techniques has been verified
powered-down at this moment with its biasing voltage Vbias=O. The comprehensively by Spectre simulator with the components'
simulation results show that, switching off the second gain stage mismatch effect considered. Fig. 6 shows the simulated DNL and
will save the system over half of the static power consumption INL from one case of Monte-Carlo simulations, and Fig. 7
when the converter works in 5-bit mode. The reason is that the 2nd illustrates the histogram of DNL and INL of 100-run, with mean
stage contains totally 35 preamplifiers while the 1st stage has only DNL /INL of 0.47/0.62 LSB, respectively, for 6-bit mode.
17 preamplifiers. Since only half of the comparators are switched In addition to static parameters, the dynamic performance ofthe
off in 5-bit mode, adding switching circuit S5 & S6 will introduce flash ADC is obtained through a Monte-Carlo simulation using an
on resistance in only half of the signal paths in 6-bit mode. This 0.5
imbalance of signal paths time-constant will introduce frequency
dependent nonlinearity errors. To alleviate this problem, dummy mA)
switches are added before the comparators which do not require °...

zswitching to balance the on resistance.

-0.5L
C.High Speed Comparator 0 10 20 30 40 50 60

C. Hlgh Speed Comparator Digital Output Code
When the ADC is working in 5-bit resolution mode, only 33 0.5

comparators including two overflow indicators are used. Another ||
half of the comparators are turned off for minimum power m,)
dissipation. The circuit for the high speed low power comparator [91 , .0X...
is shown in Fig. 5. This comparator has two operating states, z- r\
evaluation phlase and reset phlase. During evaluation phlase, V7latch is 0 __5 _,__ _______ ,____ ,____ ,_____ ,_
logically high and the current source M0 turns on, the input devices 0 10 20 30 40 50 60
M12 sense the differential input, the imbalance potential on V0utf Digital Output Code

Fig. 6: Simulated DNL and INL of 6-bit ADC
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25 changing the resolution according to the transceiver's working

20- | Mean=0.624 condition.
u). Std. Div=0.096
I 15- ..... Num=100 TABLE I: PEFORMANCE SUMMARY OF THE PROPOSED ADC
0
6 10 .- - Resolution

Z _ _ _ _ _: Parameter_ ZIIbitJIZ63bit
0 __ = Supyvlae1.8
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 Supplyvoltage

INL(LSB) Input range lVpp(±500mV)
2' Sampling Frequency 1.056 GS/s

. - = .Mean=0.466 | DNL/INL 0.32/ 0.56 LSB 0.47/ 0.62 LSB
u) 1 .............. Std. Div=0.097

10- - - - = Num=100 l ENOB @Af=43MHz 4.8 5.5
........ ..................... ....... ....

0. @f,,=413MHz 4.2 5.0

Z5|--l l l l l w S l | Power Consumption 36 mW 98 mW(analog_part)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75
DNL(LSB) V. CONCLUSIONS

Fig. 7: Histogram of INL and DNL of 6-bit ADC In this paper a 1.056 GS/s resolution-switchable flash ADC
o - - - r - r - - - with averaging and interpolating has been presented. The ADC is

designed to be able to switch between 5-bit and 6-bit resolution
1 0 . ... .. ... ...

according to the receiver's working condition. Instead of using a 6-
-2 ..-20 ... . .........bit resolution ADC for the system, the proposed ADC can achieve

better performance on power optimization. The analog part-30 ........ ........I........................................ ........ .. ........I ........

m-37.1dB-37.45dB consumes 36 mW for 5-bit and 98 mW for 6-bit resolution modes
-40 ............................................................................... ............. and the ean L/IN value is 0.32/0.56LSB for 5-bitmode and

-o 0.47/0.62 LSB for 6-bit mode, respectively. The simulation results
... ...

show that the proposed ADC fulfills the requirements of the MB-
E -60 | X OFDM UWB receiver.
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