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The accuracy of measuring the crossing moment gfvan signal to a
specific reference voltage plays a crucial roledetermining the bandwidth
of the signal that could be converted by a levelssmg ADC. This timing
accuracy is mainly determined by delay dispersibthe comparator and
the accuracy of the time-to-digital converter (TDE&mprising the level-
crossing ADC. With the pico-second resolution TEN&, delay dispersion
of the comparator became the bottle nick of thégtesf a high speed level-
crossing ADC. This paper presents a comparator Vath delay dispersion
for level-crossing analog-to-digital conversion d&pptions. The

comparator comprises a technique to compensated#lay dispersion

caused by variable input overdrive. The whole diraicomposed of three
main blocks, namely, conventional comparator, fix@elay block and

variable delay block. The variable delay block @nirolled such that it

implements the inverse overdrive-delay charactedstf the conventional
comparator. Therefore, the overall delay dispersioh the circuit is

effectively reduced. Using the proposed techniqua level-crossing ADC
would enable the sampling of a signal with 6.15¢hkr frequency than the
case of using a conventional comparator keepingéme SNR.

1. INTRODUCTION

Analog to digital converter is an important builgirblock which enables the
interfacing between the actual (analog) world dreldigital processing environment.
The demands for low-power and small area ADC hasenbthe driving forces of
developing of the level-crossing ADC (LC-ADC) [18}]

Figure 1 shows the conceptual block diagram ofllieADC [7]. It is mainly
composed of a level-crossing detector, which isaligua comparator array and an
accurate crossing-timing measurement unit, whichtise-to digital converter (TDC).
In level-crossing ADC, the signal is sampled whecrosses a threshold level and the
time between two consecutive crossings iS measufdds is in contrast to
conventional ADCs where the signal is sampled withstant time intervals and the
acquired amplitude values are approximated witltaligumbers. The level crossing
approach results in some interesting propertieh siscabsence of quantization noise
and possibility of arbitrary placement of quantiaatlevels to accommodate for signal
specific properties. In addition, it occupies smalrea and consumes lower power
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consumption compared with the conventional ADC. réhare many applications for
the level-crossing ADC, for examples, in signalgassing field; it can be used for
interfacing temperature, pressure, vibration semnaod also it can increase the lifetime
of cell phones between successive battery chargesther important field of
applications is the biomedical engineering.

The level-crossing ADC has two main blocks: the pamator array and the
high precision timing measurement block. Perfornearaf these blocks highly
influences the overall performance of the ADC. MANR.simulations show that when
using only 16 quantization levels (4 bits) it isspible to achieve a signal to noise and
distortion ratio (SNDR) which is equivalent to 9—&fiective bits of a conventional
ADC [6]. However, this sets high requirements on compai@td timer performances.

There are several TDC designs with pico-secondutigns, for example [8].
Therefore the comparator block becomes the boftt& for LC-ADC. For such
application, the key comparator specificationpi®pagation delay dispersionThe
delay is defined as the time required for the outpureach the 50% point of a
transition after the input signal €Mg) crosses the reference voltagerdy. This
definition assumes that the offset voltage is zero.

In a conventional comparator, the propagation desies depending on many
factors such as the input overdrive - the diffeeebetween the input reference and the
compared signalsAlV op), the common-mode level and the slope of the isjmral.
This variation in propagation delay is calidelay dispersion.

Figure 2 illustrates the effect of variable ovevdrion the timing of the
comparator output. That is, for the same crossinghent of the signal under test, the
comparator output timing depends on the overdroleage. Consequently, large delay
dispersion causes a non-recoverable timing errdranmeported data. In other words, it
deteriorates the signal to noise (SNR) of the dugéithe level-crossing ADC (LC-
ADC). Therefore a low delay dispersion comparasarécessary for LC-ADC.

In [9], the comparator circuit had been developeddecrease the delay
dispersion. However, the delay dispersion of trsulted comparator is still large so
that the input frequency range is up to 10 MHzadiition, the relatively large area
and high-power consumption of the comparator maket so attractive for on-chip
high-speed signal measurement applications. In, [AGonventional comparator had
been used but the input bandwidth is limited tok392.

In this paper, we propose a technique to compertbatalelay dispersion of the
conventional comparator caused by the overdrivetrans. The technique utilizes the
characteristics of the first stage differential &frey to feed forward control the delay
of a cascaded variable delay block. Using thisni&ple, the overall delay dispersion is
reduced. These results make the proposed techaittaetive for the applications such
as level crossing analog-to-digital converters saaipling head of the ATE.

The rest of the paper is organized as follows.i&edt introduces root causes
of delay variation in the conventional comparaidre proposed technique in presented
in Section Ill. The impact of using the proposechteéque on the performance of LC-
ADC is discussed on IV followed by the conclusion.
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Figure 1: Conceptual block diagram of
level-crossing ADC
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Figure 2:lllustration of effect of overdriv
voltage (\bp) on output timing.

2. DELAY DISPERSION IN THE CONVENTIONAL

COMPARATOR.
The propagation delay in conventional comparateiegadepending on many factors
such as the input overdrive (the difference betwden input reference and the
compared signals), the common-mode level and tpesdf the input signal.
Assuming that the comparator is used in a stalohpéeature conditions, the
propagation delay1,y) can be given by Equation (1).

s = f (BVop Ve, ) 1x

WhereAVp is the input overdrive voltage,cy is the common mode level
and S is the slope of the input signal. The schiendiagram of the conventional
comparator is shown in Figure 3. The comparatandemented in 65nm technology.
For our target application, the inputs voltageatiéihce AV op) and the common mode
level are the most important playing parametersiddethe effect of input signal slope
is not included in this paper.

The transistor netlist of the conventional comparahown in Figure 3 is used
to study the effect of input overdrivA\{op) and the common mode leveldy) on the
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delay variation by using Hspice simulation. Theulssare plotted as shown in Figure
4. The figure clearly indicates that the arrivaieiof the comparator output varies with
both the input overdrive and the common mode leMe\wever, the delay strongly
depends on the input overdrive more than the commaode level. This variation in
propagation delay is calledielay dispersion.These characteristics make the
conventional comparator inappropriate for levelssing ADC working at high
frequency. Specifically, it will cause a non-recalde timing error in the reported
data. Or in the best case, it limits the highestdiency of the signal that can be
processed by such ADC. Consequently, a techniqueédsled to decrease the delay
dispersion of the comparator.

3. THE PROPOSED TECHNIQUE

The block diagram of the proposed technique is shiowigure 5. It is composed of a
conventional comparator (represented by differemcplifier stage) followed by a
constant and a controllable delay blocks. The wisgltem represents a comparator
with feed forward delay dispersion compensatiohmégue.
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Figure 4: Simulation results of delay variatiorcofiventional
comparator versus overdrive voltag®/cp) and common mode level
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The operation of the proposed technique can beamga as follows: the
overdrive-output transfer characteristics of théedéntial amplifier can be divided into
two main regions, namely the linear region andrsditen region. In linear region the
output varies linearly with the input overdrive aating to the amplifier gain. If the
input overdrive is large enough, the amplifier work the saturation region wherein
the output is limited by the supply rails. If theout overdrive is equal to or higher than
the value needed to set the differential amplifitethe saturation region, the delay is
almost constant as it can be understood from Figu@n the other hand if the input
overdrive is small such that the amplifier workstle linear region, the delay varies
with the input overdrive. Utilizing this criteriom, controllable delay block is used to
compensate the overdrive dependent delay variafibe. delay of the controllable
(variable) delay block is controlled by the outmdtthe differential amplifier stage.
When the input overdrive is small, the delay causethe conventional comparator is
large. At the same time, the delay added by théralbable delay is small. Therefore,
the total delay of the system is almost constanbther words, the aim of using the
controllable delay block is to implement the inwecharacteristics of overdrive-delay
variation of the conventional comparator such that overall delay is kept constant
with varying the input overdrive. The constant gedbdock is inserted to achieve two
purposes. The first is to give sufficient time ke tvariable delay block to adapt its
delay according to the input stage. The seconal pgdvide a clean digital signal to the
variable delay block.

The technique has been implemented in 65nm technol®he schematic
diagram of the technique is shown in Figure 6. mi#ist of the design is simulated
using Hspice. The simulation results of the propiagadelay variation versus the input
overdrive are shown in Figure 7. In this figureerhare three curves. From bottom up,
the curve shows the Deldyop characteristics of the conventional comparator
without the compensation technique. The total delmpersion is about 400 pSec.
310pSec out of this dispersion is in the rangeOofiiZ to 100mV ofAVop. The middle
curve expresses the delay-overdrive transfer ctexiaes of the controllable delay
block. It shows that the added block tries to impat the inverse delay characteristics
of the conventional comparator. Therefore, the aVelelay dispersion of the whole
circuit is successfully reduced. The delay dispersif the proposed technique is about
100 pSec in the range of 20mV to 200mV. This metiag proposed technique
reduced the delay dispersion to % of its counténpathe conventional comparator
working in the mentioned input overdrive range.
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Figure 5: Block diagram of the proposed technique
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Figure 6: Schematic diagram of the proposed Tecienigr rising and falling crossing.

The effect of the common mode level (within theigeated range) on the
delay variation of both conventional and the pregbtechnique is studied. The results
are shown inFigure 8 The results reveal that the proposed techniqueedses the
overdrive-caused delav variation reaardless thenommmode level.
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Figure 7: Simulation results of delay variationcohventional comparator and
proposed tecliaue versus overdrive voltadAVan)
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Figure 8: Simulation results of delay variationcohventional comparator and proposed
technique versus overdrive voltage/(;p) and common mode level £y )
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4. IMPACT OF THE PROPOSED TECHNIQUE ON LC-ADC

PERFORMANCE
In LC-ADC, the SNR depends on timing accuracy & $ystem and the frequency of
the input signal according to Equatidi) [7].

SNR = 20logR - 11.2B 2Y

WhereR is given byR =1/(fs,4T), fsig is the frequency of the input signal and
AT is the timing resolution of the systefl is determined by two factors, the first is
the resolution of the TDC-the minimum time that das measured by the TDC .
Second is the delay dispersion of the comparator.

Assuming that the TDC has small timing resolutipicg-second order)1[]
compared with the delay dispersion of the conveaiicomparator, the bottle nick will
be the timing uncertainty of the comparator; whaan be considered as its delay
dispersion.

According to the simulation results, using the amtional comparator, the
timing resolution AT¢,n) is about 400 pSec. On the other hand, using esigd the
timing resolution AT,y is enhanced to 100 pSec. Applying these valuethéo
Equation (2), using our design would theoreticatigreases the SNR with 12.1 dB
higher than the case when using the conventiomapecator for signals of the same
frequency. Alternatively, keeping the same SNRngighe proposed comparator, the
frequency of the signal under test could be in@éde 4X higher than the frequency
of the case when using the conventional comparator.

5. CONCLUSION

A technique for compensating the overdrive-causadayd dispersion of the
conventional comparator is presented. The techrimjuseful for applications such as
high-speed level-crossing ADC and sampling headawtomatic test equipments
(ATEs). The technique is implemented in 65nm tebébgy The simulation results
show that the overall delay dispersion is effedyiveduced to ¥ of its counterpart in
the conventional comparator. Using the proposednigoae in LC-ADC would
theoretically increases the SNR with 12.1dB overdase when using the conventional
comparator or alternatively increases the bandwalthhe input signal four times
larger than the case of using the conventional ewatpr keeping the same SNR of the
output.
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