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THE OUTPUT NOISE REDUCTION OF A FLASH ANALOG-DIGITAL
CONVERTER

A new approach to reducing output noises in the Flash analog-digital converter
(ADC) is presented. A type of ADC with the least amount of noise is Flash ADC, but it also
needs to have noises as less as possible. By using this method in 32nm technology, the area
of the circuit increases by 72% and the noise error decreases by 63%. This method is very
preferable to use for high bit Flesh ADC circuits, as the latter have many logic cells in the
Encoder. Switching inputs of those cells leads to high noises in the output.

Keywords: ADC, comparator, encoder, current mirror.

Introduction. ADC is a system that converts an analog signal, such as a
sound picked up by a microphone or light entering a digital camera, into a digital
signal. Typically, the digital output is atwo complement binary number that is
proportional to the input. The performance of an ADC is primarily characterized by
its bandwidth and signal-to-noise ratio (SNR). The bandwidth of an ADC is
characterized primarily by its sampling rate. Analog to digital conversion is shown
in Fig.1.
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Fig. 1. Conversion of analog signal to digital (1 - analog signal, 2 - digital signal,
3 - combination of analog and digital signals)

While analogue signals can be continuous and provide an infinite number of
different voltage values, digital circuits on the other hand, work with a binary signal
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which has only two discrete states, a logic “1” (HIGH) or a logic “0” (LOW). So it
is necessary to have an electronic circuit which can convert between the two
different domains of continuously changing analogue signals and discrete digital
signals, and this is where Analogue-to-Digital Converters (A/D) come in.

Literature review. There are several methods for reducing noises in the
output of ADC. There are global methods and also methods for specific ADC
circuits. For example, in [1] the presented method reduces the input noises by
digital averaging. It is done using two measurements or even 16, as soon as enough
noise is added to the input signal. The more noise present at the input, the more
averaging is required to achieve the same result.

In [2], a method bringing out the contributing factors to noise is used. It
suggests techniques to minimize the noise in an ADC circuit and presents the
salient parameters of a working high speed ADC circuit incorporating techniques.
For a given ADC, theoretically, a given signal to the noise ratio (SNR) and the
dynamic range can be realised.

In [3], three types of noise filtering are presented. They are analog, digital
and both. White noise underneath a strong enough signal can be averaged out by
oversampling, moving averages or other techniques, while taking advantage of
statistical randomness. Spurious signals in the bandwidth of the signal of interest
need to be resolved close to their source; otherwise, an A/D converter just digitizes
and mixes them with the signal of interest. Harmonics can be dampened by
filtering an A/D converter, undoing some of the effects of nonlinearity.

In [4], advantages and disadvantages of noise filtering are presented.
Converting analog sensor signals to the digital domain is a standard practice with
wearable patient monitoring equipment. However, designers must be aware that
these applications depend on a system that produces reliable, repeatable results,
albeit in their noisy environments. Noise filtering techniques are a critical portion
of the solution circuit.

In [5], a noise reducing device that includes an acoustic-to-electric conversion
section for collecting noise and outputting an analog noise signal; an analog-to-
digital conversion section for converting the analog noise signal into a digital noise
signal; a digital processing section for generating a digital noise reducing signal on
a basis of the digital noise signal and a desired parameter is presented.

In [6], an effective way to remove noise is by using a low-pass (anti-
aliasing) filter prior to the ADC is introduced. Including by-pass capacitors and
using a ground plane will also eliminate this type of noise. A third source of noise
is the radiated noise. The major sources of this type of noise are Electromagnetic
Interference (EMI) or capacitive coupling of signals from trace-to-trace.
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In [7], three types of noise reduction in ADC are presented. The first is a
lower-noise reference. One of the most obvious ways to reduce the level of
reference noise entering a system is to choose a voltage reference with less noise.
The second is increasing the reference voltage. Another method to potentially
reduce the effects of reference noise is to increase the reference voltage, as this
affects the change in the percent of utilization. For example, doubling the reference
voltage decreases the percent of utilization by a factor of 2. The third is reducing
the system ENBW. The third option to reduce the amount of reference noise passed
into the system is to limit the overall ENBW. One way to limit ENBW is by
reducing the antialiasing, or the reference filter cutoff frequencies.

The proposed Flash-ADC. Flash ADC is the simplest type of ADCs and it
has the lowest noises compared with other ADCs, but the more inputs and outputs
it has, the bigger noises it has got in the outputs, because there are many switching
cells in the circuit with an input voltage change. For example, in a 256-bit Flash
ADC, the output noises can be very big, because at the main input voltage change,
there are many cells, whose inputs will be changed at the same time and it will lead
to big noises in the output. So, here, a new of optimized Flash ADC is developed,
which will have small noises at the output in case of any high bit circuit.
Experiments are carried out on a 2-bit Flash ADC. The primary circuit of the Flash
ADC is shown in Fig.2.
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Fig.2. Primary Flash ADC (I - comparator, 2 - invertor, 3 - NAND)
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In the primary circuit, the table of X0, X1, X2, YO and Y1 nodes have the
form like that in Table 1.

Table 1
The dependency of Y1 and Y2 outputs from X0, X1 and X2

X0 X1 X2 YO0 Yl
0 0 0 0 0
1 0 0 1 0
X 1 0 0 1

X X 1 1 1

So, the node from X0, X1 and X2 nodes is the last node with high voltage, it
will determine the voltages of Y0 and Y1 output nodes.

When Vin increases the table of X0, X1, X2, YO and Y1 nodes have the
form like that in Table 2.

Table 2

The voltage values of Y1 and Y2 outputs and X0, X1, X2 nodes when Vin increases from 0
to VDD in the primary Flash ADC

X0 X1 X2 YO Y1
0 0 0 0 0
1 0 0 1 0
1 1 0 0 1
1 1 1 1 1

In case of a very fast increase of Vin (when X0,X1,X2 will at once change
from 000 to 111, or from 001 to 110) there will be many switching nodes in the
Encoder part of an ADC and it will lead to big noises in the outputs. To solve this
problem, we use the fact that the voltage of output nodes depends on the last input
node with a high voltage, and we change the circuit so that only that node has a
high voltage in case of the same Vin voltage value. For an optimized circuit, the
Table for X0, X1, X2, Y0 and Y1 must be like that in Table 3.

Table 3

The voltage values of Y1 and Y2 outputs and X0, X1, X2 nodes when Vin increases from 0
to VDD in an optimized Flash ADC

X0 X1 X2 YO Yl
0 0 0 0 0
1 0 0 1 0
0 1 0 0 1
0 0 1 1 1
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The Flash ADC that is appropriate to the Table 3 is shown in Fig.3.
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Resistor —

Fig.3. The Flash ADC with much less output noise than the primary circuit
(I - comparator, 2 - invertor, 3 — NAND, 4 - AND)

This is better than the primary Flash ADC, but at every change of the input
voltage, one node from X0, X1 and X2, which has a high value, gets 0 value, and
one node with 0 voltage gets high voltage. So the encoder in the main cases has
two switching inputs which switch at the same time, which also can be dangerous
for the accuracy of the outputs. To have the minimum noises in the outputs it is
preferable to keep the switch of the node with high voltage a bit later. It means that
when one of the nodes changes to 1 from 0, the node that had 1 value before that
must change to 0 a bit later (Fig.4).
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Fig.4. Switching two inputs of the Encoder in an optimized Flash ADC (At —is a very short
period of time)
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The optimized ADC contains two Flash ADC circuits (only comparator
parts, the Encoder is general). The input of one Flash ADC is the general input of
the circuit, and the input of the second Flash ADC is connected with the first input
by transmission gate. When Vin changes very fast and with a high range, the
transmission gate will keep the primary value of Vin for the second Flash ADC and
it will also keep the high value of one of the Encoders input nodes in the period of
the Vin change. It is the same node that has a high value before the Vin change.
When another input of the Encoder also gets a high value, two inputs with high
voltages will make the transmission gate to become opened. Then the old input
node with a high value will become 0, and the input node that gets higher by the
change of Vin will keep its value until the next Vin change.

The second transmission gate that is connected in parallel to the first is used
in case when Vin changes from 0 to a higher voltage, or from higher voltage to 0.
When Vin is 0, the second transmission gate is opened and the input of the second
Flash ADC follows the first input until the first input of the Encoder changes to 1.

The optimized Flash ADC is shown in Fig.5.

Vs§

Fig.5. The circuit of the optimized Flash ADC (1 — comparator, 2 — invertor, 3 — NAND,
4 — transmission gate, 5 — OR, 6 — NOR, 7 — Level shifter)
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When only one input of the Encoder has 1 value, the voltage on Rv resistor
that formed with current mirrors is not so high to keep high voltage on the ENH
output of the comparator. So, the first transmission gate is off. When Vin changes,
the first transmission gate that is off, keeps the old value of the general input on the
input of the second Flash ADC, which keeps the value of the input of Encoder
which has a high voltage at that moment.

When two inputs of the Encoder have 1 value, the voltage on Rv becomes so
high that the voltage of the ENH output node becomes high and the first
transmission gate is on and the input of the second Flesh ADC follows the first.

The inputs of Encoders are connected to the level shifters which change the
VDD voltage of the node to a bit lower voltage. This is used not to have a big
current in the current mirrors.

The second transmission gate is connected to a NOR whose inputs are the
outputs of the comparators of the first Flash ADC. When all outputs of comparators
are 0, the transmission gate is on. This is in the case when the voltage of the
general input is very low.

The disadvantage of this approach is making the area of the circuit much
bigger, but for very high bit Flash ADCs this method is very useful to avoid output
noises, because in the case of a fast input change with a high voltage range, the
switching nodes in the Encoder will be as low as possible.

Simulation results. The main block of a Flash ADC is designed.
Simulations are performed using the HSPICE simulator (described in [8]) for a
number of PVT corners including 3 main conditions (TT, FF and SS processes with
respective voltage and temperature values). Here the results of the TT typical
corner are presented. The circuit is designed and simulation is performed in the 32
nm technology. The simulation results of the primary Flash ADC are shown in
Fig.6 with input and output characteristics. Supply voltage is 2.5V and Vin changes
from 1V to 2V. YO is 2.5V, and in the change period of Vin, it gets noises, and Y1
changes from 0 to 2.5V.
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Fig.6. Simulation results of the primary Flash ADC (Vin — input, Y0 and Y1 outputs)

Simulation results of the optimized Flash ADC are shown in Fig.7. In the
picture we can see that the voltage noise range of the YO output became lower by
63% than in the primary Flash ADC.
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Fig.7. Simulation results of the optimized Flash ADC

The circuit of the primary Flash ADC designed in 32 nm technology is
shown in Fig.8.
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Fig.8. The circuit of the primary Flash ADC designed in the 32 nm technology
(1 — comparator, 2 — invertor, 3 — NAND)

The circuit of the optimized Flash ADC designed in the 32 nm technology is
shown in Fig.9.
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Fig.9. The circuit of the optimized Flash ADC designed in the 32 nm technology
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Conclusion. A new method for noise reduction of the Flash ADC is
presented. The ADC circuit which has the least noises in the outputs from all types
of ADC circuits is the Flash ADC, but in case of high bit circuits, it also has big
noises in the outputs. This new method requires an increase in the area, but the
higher the bit of the Flash ADC, the method will be more useful for the accuracy of
the output signals. In case of a high bit Flash ADCs, by using this method, the
percent of the area increase will be less and the accuracy of the output signals will
become much higher. In the 2-bit Flash ADC designed in the 32 nm technology,
the area of the circuit is increased by 72%, and the noises in the output decreased
by 63%. For the design of the new circuit, other comparators, level shifters, current
mirrors and transmission gates are used. As we see, even, in case of a 2-bit Flash
ADC, the method works effectively.
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2.U. RURULULBUL

GLLUSPUL UNUNPYLELP LY ULESNRULC Nh PN, ONUMTUUL
ULULNQAUEYUSPL ONNULYP20RT

Lkpjuyugdws b ninhny thnpuwupldwt wbhwinqujht-pduihtt thnpjuupyhsnud (U.EP)
Epuyhtt wnunijubph tjugbgdw unp dnnkgnid: Udkwphs Ejpuyhtt wndnijubp niikgnn
URP-h mbuwlp ninhn hnjuwupyuwi UEO-u b, puyg wyt inybwbu juphp niih’ nibbwgm
htwpwynphtiu phy Epuwghtt wnuniyubp: Ogunugnpsting wju dkpnnp 32 bwundbwnp nbkju-
unnghwynwd, upubdwgh dwbptup ykswunid £ 72%-ny, hull Gjpuyhtt wnuniubtpp tdugqnud
k1 63%-ny: Uju dbkpnnp pwwn twpiptwnphh k oqunugnpst) pupdp phpuyht ninhny thnpuwply-
dwl UEO-ubpnud, pwuh np npubp nibkt dks puwbwlny wpudwpuwlw pohoutp Yn-
nunphsh upbduwynud: Uy pohotiinh thnpuwtipwunynn dntwnpbpp hwghgund Eu Ejpuyht
puipdp wnuniyubph:

Unmbigpuyhli punkp. wiwngqupjuyht thnpruybpuhs, Yndywpunnp, Ynnudnphy,
hnuwtph huybyh:

A.A. BABAJI'KAHSTH

MHUHHUMM3ALIUA BBIXOJAHBIX HTYMOB AHAJIOT'O-IU®POBOI'O
INPEOBPA3OBATEJIS ITPAMOI'O IPEOBPA3OBAHUS

Ipexcrasnen HOBBI METOA YMEHBLICHHS BBIXOIHBIX IIYMOB aHaJOro-LU(pPOBOTo
npeobpaszoarens (ALIT) mpsmoro mpeodpazoBanus. Tumom AL, nMmeromero HaMMeHb-
LIYIO BEJIMYMHY BBIXOAHBIX IIyMOB, siBisiercst ALIIT mpsimoro nmpeoOpa3oBaHusi, HO BBIXO-
HBIE IIYMBI y HETO TOXE JIOJDKHBI OBITh KaK MOXKHO MeHblIe. Mcnonb3ys meron B 32 Hu
TEXHOJIOTHH, TUIOMIA/(b CXEMBbI MOBBIIIAeTCS Ha 72%, a BEIXOAHBIE IIIyMbl YMEHBIIAIOTCS Ha
63%. MeTtoJ npeAnoYTUTEIbHEE UCII0NB30BaTh B BbIcOKOOUTHBIX ALLIT mpsimoro npeodpa-
30BaHUs, MMOCKOJIbBKY OHU UMCIOT B OHKOACPE JIOTUYECKUEC STYEHKHU B OOMBIINX KOJIHYECTBAX.
[Nepexrogaromyecst BXOAbI 3THX SY€EK IMPUBOIAT K OOJIBIIMM BEIXOIHBIM IIyMaM.

Kniouesvie cnosa: ananoro-mudpoBoil mpeodpaszoBaTesib, KOMIIApAaToOp, SHKOMIEP,
3epKao ToKa.
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