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THE OUTPUT NOISE REDUCTION OF THE MULTIPLEXER
H.A. Babajanyan, S.Kh. Khudaverdyan
National Politechnical University of Armenia

A new approach to reducing output noises of the multiplexer (MUX) is presented.
In contrast to other methods, this one reduces the noise with a strength equal to the strength
of the noise in specific cases. The method is based on adding logic cells and transistors in
the circuit and choosing its sizes corresponding to the delay time of the output signal and to
the strength of the output noise. In general, the main device that is used for reducing output
noises in digital and analog circuits it’s capacitor. But in the circuits which scheme struc-
ture depends from its bit number, the output noise strength depends from the quantity of the
switching inputs of the scheme. As high will be the switching inputs, as bigger will be the
strength of the output noises. The same capacitor can keep the accuracy of the output signal
in certain cases of switching inputs combinations. Here is developed a method, by which
each combination of switching inputs turns on appropriate output elements by which the
accuracy of the output signal is saved in any case. The method is very comfortable using in
MUX, because its inputs mostly are symmetrical, and it helps to use the method adding the
output elements with nearly same sizes. The symmetrical structure of the inputs of the
MUX is useful for the method, also observing the input-output signal delay time. By using
this method on 2-to-1 MUX designed in 32 nm technology, the area of the circuit increases
by 28% and the noise error decreases by 59%.
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Introduction. A multiplexer is a device that selects between sever-
al analog or digital input signals and forwards the selected input to a single output
line. A multiplexer makes it possible for several input signals to share one device
or resource, for example, one analog-to-digital converter or one communication
transmission medium, instead of having one device per input signal. The working
principle of MUX is shown in Fig.1.
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Fig.1. The scheme of a 2-to-1 multiplexer
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Generally, the selection of each input line in a multiplexer is controlled by
an additional set of inputs called control lines. Normally, a multiplexer has an even
number of 2n data input lines and a number of “control” inputs that correspond to
the number of data inputs.

Literature review. There are many different methods and approaches for
reducing noises in the output of MUX. There are also many researches about noise
impact in MUX, or impact of the noise on other circuits from MUX. For example in
[1] the multiplexing error and noise reduction are described. Multiplexers introduce
errors, which we have estimated by consecutive phantom measurements both using
voltage multiplexers and by selecting the electrodes by hand, all other things being
the same. Noise is taken care of by averaging. The difference image obtained is con-
sidered an estimation of the multiplexer induced error.

In [2], the details of the basic multiplexer work is shown.

In [3], analog signal rejection on the multiplexer is presented.

In [4], noise reduction on the multiplexing system is presented. The signal
to the noise ratio of the received signal through Avalanche Photo diode in the re-
ceiver is calculated. This work identifies the best pulse generator with reduced noise
performance suitable for the proposed system. The proposed system is modeled in
optisys and insightful discussions are provided from the simulated results.

In [5], the frequency-domain multiple readout of transition-edge sensor ar-
rays is presented.

In [6], analog Switches and multiplexers Basics are introduced. Switches
and multiplexers of the late 1960s were designed with discrete MOSFET devices
and
were manufactured in small PC boards or modules. A dielectrically-isolated family
of these parts introduced in 1976 allowed input overvoltages of + 25 V (beyond the
supply rails) and was insensitive to latch-up.

In [7], some description of noise reduction and isolation is presented. Con-
trolling noise in a measurement systems is vital because it can become a serious
problem even in the best instruments and data acquisition hardware.

In [8], the invention related to optical networking and more particularly to
systems and methods for Wavelength Division Multiplexing (WDM) communica-
tions is presented. Many of the current agile architectures suffer from poor optical
performance, e.g., high insertion loss on added/dropped wavelengths and/or injec-
tion of additional noise on the added wavelengths. The existing fixed OADM struc-
tures are costly and perform effectively only for low counts of channels to be added
or dropped and only where traffic reconfiguration or future growth is not an issue.

In [9], low frequency noise reduction technique for linear analog CMOS
ICs is described. The mathematical descriptions for the noise behavior and the sig-
nal transfer of the proposed operational amplifier architecture are derived. With the
help of the derived equations, the distinct features of the principle are identified
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from the measurements and simulations: the noise aliasing due to the principle and
the increase in the white noise plateau which attributes to thermal resistive noise
increase of the switches with increasing clock frequency. Finally, it is noted that the
clock mismatch parameter tp should be optimized for the best electrical perfor-
mance.

This priority of the new method against the others is the reducing of the out-
put noise keeping the accuracy of the output signal and the increase of area with not
high percent.

The proposed MUX. The simplest MUX is the 2-to-1 MUX. The method is
applied in 2-to-1 MUX which does not have very big noises in the output, but
needs their reduction. The noise reduction 2-to-1 MUX with the new method
proves that the method will be very useful for higher node MUXs. The primary
circuit of 2-to-1 MUX is shown in Fig.2.

DO 9 b
SO — :} Vout
D1 2 ;

Fig.2. The primary circuit of MUX (1 - Invertor, 2 - NAND)

In general, to reduce the noises, it is preferable to use capacitors in the out-
put of the circuit. But the strength of noise depends on the quantity of switching in-
puts at the same time. The more inputs are switching at the same time, the higher
will be the noise in the output. If we use a capacitor which is able to reduce the out-
put noises in case of all input switches, in case of only one input switch the capaci-
tor, except reducing the noise, can lay down the output signal, which will not be an
accurate result. So, it is necessary to use a specific structure of a circuit, which will
reduce the output noises with a strength equal to the strength of the output noise.
The working principle of the 2-to-1 MUX is shown in Table 1.

For example, in case of 000 to 111, or 011 to 100 the input combination
changes, the noise reduction system must work corresponding to the strength of
three input changes. In case of 100 to 101, the system must reduce the noise corre-
sponding to one input change. So, instead of capacitors, a nmos transistor for the
output node is used. The quantity of the output transistor is equal to the quantity of
inputs. The gate of the transistor is connected to one of the inputs. In case of any
input switch, the corresponding transistor turns on with a very little time range. The
cells between one MUX input and its corresponding output transistors have a delay
time equal to the delay time of the input-output signal transmission of the MUX; so,
the transistor turns on at the same time in which the output signal of the MUX
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changes causing the noises. When the output signal changes from low to high volt-
age, the little-time switch of the transistor makes a hole for the noise, and the noise
in the output becomes much less.
Table 1
The working principle of the 2-to-1 MUX

(%)
o

DO D1 Vout
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R OR OR KL O

When the output signal changes from high to low voltage, the transistor
switch, which also opens a road for the output voltage to 0, does not leave the output
signal to oscillate around O voltage. So, in this case, output noises become much
less, too. The cell which connects the input node to the output transistor is shown in
Fig.3.

Fig.3. The cell connecting the input node to the output transistor in MUX
(1 — Invertor, 2 — AND, 3-NOR, 4 - OR)

The working principle of XNOR is shown in Table 2.

Table 2
The working principle of XNOR
In1 In2 Out
0 0 1
0 1 0
1 0 0
1 1 1

The output-input dependency of the cell connecting the input node on the
output transistor in the MUX is shown in Fig.4.
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Fig.4. The output-input dependency of the cell connecting the input node on the

output transistor in MUX (Vin — input signal, Vout — output signal, Vdd — supply voltage,
At — very little time range)
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So, the noise impact of each input switch on the output signal will be neu-
tralized by the corresponding output transistor, and in case of any quantity of
switching inputs, the output noises will be reduced by appropriate strength, which is
conditioned by a quantity of switching output transistors, and the output signal will
be accurate in any case of the input combination change. The At time range is condi-
tioned by the switch time of the invertor. The optimized MUX is shown in Fig.5.
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Fig.5. The optimized MUX (1 - Invertor, 2 - NAND, 3 - XNOR)
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This method can be applied to other circuits too, but for MUX it is very
comfortable, because the general inputs of the MUX are symmetrical, and the im-
pact of each input node on the output signal is proportional to the other inputs. That
makes the usage of the method more simple, as the output transistors and cell con-
necting the input node to the output transistor in MUX can be designed in the same
way for each MUX input (appropriate to the MUX input-output delay, and to the
strength of the output noises). The only disadvantage of the method is that the area
becomes a bit higher.

Simulation results. The main block of the MUX is designed. Simulations are
performed using the HSPICE simulator (described in [10]) 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 pre-
sented. The circuit is designed and simulation is performed in the 32 nm technolo-
gy. The simulation results of the primary 2-to-1 MUX are shown in Fig.6 with in-
put and output characteristics. Supply voltage is 2.5 V. SO is the choosing input.
DO and D1 are the inputs that must be chosen. This MUX is designed for maxi-
mum 4 GHz frequency and has got 0.01W power consumption.

n in &n &n Un
1 ' ' I ' L ' ' 1 L L | L . ' '

Vout
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TIME{sec} [lin) n an &n in 10n

Fig.6. The simulation results of the primary MUX designed in 32 nm technology
104



The highest noise is on the first fall time of the output signal. The output
voltage changes from 2.5V t0 2.72 V.
In Fig.7 the simulation results of the optimized MUX are shown.
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Fig.7. The simulation results of the optimized MUX designed in 32 nm technology

The highest noise is on the first fall time of the output signal. The output volt-
age changes from 2.5V to 2.63V.

The circuit of the primary 2-to-1 MUX circuit designed in the 32 nm technol-
ogy is shown in Fig.8.

Vvdd

1

!

l

D1

el
N

SO - ‘ . [::il%‘;\)@ - A_E l’ j}% - = Vout

!
A

DO p

>

N

Vss

Fig.8. The primary 2-to-1 MUX designed in 32 nm technology (1 - Invertor,
2 - NAND)

The circuit of the optimized 2-to-1 MUX circuit designed in the 32 nm
technology is shown in Fig.9.
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Fig.9. The optimized 2-to-1 MUX designed in 32nm technology (1 - Invertor,

The area of the circuit is increased by 28% at using the method.

2 - NAND, 3 - XNOR)

Conclusion. A new method for noise reduction of the MUX is presented. The
main advantage of this method is that it reduces noise with a strength equal to the
strength of the noise in any case of the input combination change. This new method
requires an increase of the area by a low percent. It can be less in case of MUX
with higher quantity of inputs and outputs. In the 2-to-1 MUX designed in 32 nm
technology, area is increased with 28% by using the method, but output noises be-
comes less with minimum 59%. The method is also preferable to use in the circuits
different than MUX, but for MUX it is very preferable, as it has got symmetry in
its inputs, which makes the design of the additional circuit part much easier. It
means that it is preferable to use the method for MUX with a very large circuit in
difference with other schemes whose circuit becomes complicated in case of the
large number of inputs and outputs.

106



References

1. Multiplexing Error and Noise Reduction in Electrical Impedance Tomography Im-
aging / M. Barreiro, P. Sanchez, J. Vera, M. Viera, |. Morales, A. Dellosa, P.
B. Filho, F. Simini // Front.Electron.- 25 March 2022. - P. 1-11.

2. Raj. A. Multiplexer Circuit and How it Works // Microchip. AVR DB Microelec-
tronics. Smart connected and secure. - 6 July 2018. - P. 1-6.

3. U.S. Patent Analog signal multiplexer with noise rejection / F.B. Davis, S.P.
Glaudel, S. Jhunjhunwala - 21 December, 2008. - P. 1-5.

4. Malarvizhi S., Singh V., Bhaskar V., Krithiga S., Noise Reduction in VCSEL
Based Wavelength Division Multiplexing System // Wireless personal communi-
cations.- 30 June 2021. - P. 1-4.

5. Lanting T., Clarke J., Holzapfel W., Cho H. Frequency-domain multiplexed
readout of transition-edge sensor arrays with a superconducting quantum interfer-
ence device // IEEE Xplore. - April 2005. - P. 1-4.

6. Zumbahlen H., Kester W. Analog Switches and Multiplexers Basics // Analog
devices. - MT-088 Tutorial, 2009. - P. 23.

7. Morrison G. Noise Reduction and Isolation // Measurement computing. - 21 No-
vember 2021. - P. 1-10.

8. Meli F., Viscardi V. Low loss, noise filtering multiplexer/demultiplexer for re-
configurable OADMSs /I Cisco Technology Inc.- United States, 2 June, 2009.-
P. 1-5.

9. Koh J. Low-Frequency-Noise Reduction Technique for Linear Analog CMOS
IC’s // Technical University of Munich. - 18 March, 2005. - P. 105.

10. Hspice Application Manual, Synopsys Inc. -2010. -196p.

Received on 07.11.2022.
Accepted for publication on 17.01.2023.

BLRUSPL UNUNRULEDP LIULQUMUNRUC UNPLSPMILBRUNCORT
2.U. Pupupwiiyuily, U.v. inipubpyut

Ubkpjuyugduws L dnyuhykpunph  Epughtt wnunijubph  juqblgdwd  unp
Unwnbkgnid: b mwppbpnipni wyp dipnnubph’ wyu dbpnnp tdugkgunid £ wnuniyp tpu
nidqunipjuip hwjwuwp nidny npnowljh nhyppnid: Ukpnnp hhdugws E dhwgdwb dke
npudwpuwlub pphoutnh b tnpuiqhunnputph wykjugdwt b ngpu swthtph ptnpnipyut
Ypw, npnip whwnp £ huduyuwnwupwikt Ejpughtt wqpuowh hbnwdquuit dudwbmlh
b Eppughtt wnunijh nidqunipjuup: Cunhwinip wndwdp, hhdtwlwb wwppp, npt
oquuugnpdynid £ puyhtt b whwnquyhtt vjubdwibpnud Eppuyghtt wnunijubpp tuqbgubin.
hwdwp, Ynunkhuwwnnpt b Puyg wyh upubdwbbpnid, npnbg onpujuljut jurnigjuspp
JwhJws Lt ppkug upubdwih  phpuyunipniihg, Gipuyht wnunih  nidqunipiniup
wuydwbwynpus L upubdwgh thhnpuwbigwnygnn dntnpbph pwbwlny: Appw pupdp Yihuku
thnpuwbigwinynrn Untnphpp, uwyupw wybih dks Yihuh Epuyhtt wndnijubph nidqunipniin:
Uhlunyt Ynupkbuwwnnpp Yupnn b wwhywib] Gpuyhtt woqpubowih gogpuinipiniup
thnpuiwbigwnynn dnunpbph Yndphtiwghwbph npnpjws phwpbpnud: Uswldt E ubpenn,
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npny  thnjuwbgwwnynn  dnmunplph  jnipupwbynip hwdwlgnipnit unbndmd  E
huwdwwywwnwupwt Gpujhtt wnwppbph Jupnigqusép, b pun nph dogphwn Epughtt
wqpuiowip ywhywiws t guujugws nhuypnid: Ukpngp swn hwpdwp b oquugnpsty
Uniynpyy kpunpnud, putth np tpw Untnpbpp hhdtwwinwd uhdbwnphly B, b wyy huunp
poyl Enuhu dkpngh oqinugnpsty wykjugibing gpbiph tnyb swhbpn] Epuyght wwpphp:
Unijnhykpunph Uniinplph uhdbnphly juemguspp oguwlup t Ukpnnh nhupnid
nhwnwunpybiny twb wqnuowh dninphg kjp dwdwtwluyhtt hinwdgnudp: Oquuugnpsting
uju dbpnnp 2-hg 1 uUnyupykpunph Ypw, npp twhwgdquws E 32 twbndbwnp
nbkpjuuninghwyny, snpuyh dwlbpbup dbdwunid E 28%-ny, hull wnumlh ujuwjwmupp
ujuqnud £ 59%-ny:
Unwiigpuyhl punkp. Unijinhwjjkipunp, pugunhly YUU-N2, hidkpinp, G9-N2:

MHUHUMMU3AIUA BBIXOJAHBIX HTYMOB MYJIbTHIIVIEKCOPA
A.A. bBaGagxansan, C.X. XynapepasiH

IIpencraBieH HOBBIM MOJIXOA K CHIDKEHHUIO BEIXOIHBIX IIYMOB MyJbTHIUIEKcOpa. B
OTJIMYKE OT JPYTHX METOJOB, JAHHBIN METOJ, yMEHBIIAET IIyM C CUJIOH, paBHON CHIIE IIIy-
Ma B KOHKPETHBIX ClIy4yasx. MeToJ OCHOBaH Ha NO0OAaBICHHU B CXEMY JIOTUUECKUX SUeeK,
TPaH3HCTOPOB U Ha BBIOOPE MX pa3MEpPOB B COOTBETCTBHU CO BPEMEHEM 3aJEP>KKH BBIXOJ-
HOTO CHTHaJla U CHJIOM BBIXOAHOTO IIyMa. B 11e70M OCHOBHBIM YCTPOICTBOM, HCIOJb3Yye-
MBIM JUIS YMEHBIICHHUS BBIXOJHBIX IIyMOB B IU(POBEIX M aHAJIOTOBBIX CXEMaxX, SIBISETCS
KoHIeHcaTtop. Ho B cxemax, Tlie CTpyKTypa 3aBUCHT OT €€ Pas3psiIHOCTH, MOIIHOCTH BBI-
XOJHOTO IIymMa OyJeT 3aBHCETh OT KOJIMYECTBA IEPEKIIOYArONINXCsS BXOJOB CXeMbl. Yem
BBIIIE IEPEKITIOYAIONINECs BXOABL, TeM OoJble OyIeT CHiIa BBIXOMHBIX IIyMOB. DTOT KOH-
JICHCATOp MOXET COXPAHUTh TOYHOCTb BBIXOJHOI'O CHUTHAJIa B HEKOTOPBIX CIIydasx Iepe-
KITFOYEHUI BXOJTHBIX KOMOWHaIuid. PazpaboTan MeToma, COrIacCHO KOTOPOMY KaxKJash KOM-
OMHaLUS NEPEeKITIOYAONINXCS BXOAOB BKIOUAET COOTBETCTBYIOIIUI BBIXOIHOW 3JIEMEHT,
6iarogapst 4eMy TOYHOCTb BBIXOJJHOTO CHT'HAja B JIFOOOM Cllydae COXpaHsAeTCs. DTOT METOJ
OYEHb yJ00€H ISl UCTIONb30BaHNUS B MYJIBTUINICKCOPE, MOCKOIBKY €ro BXOJbl B OCHOBHOM
CHMMETPHYHBI, YTO TO3BOJISET HCIIOJIB30BATH METOJ, 00aBIssl BBIXOIHBIE DJIEMEHTHI C
MOYTH OJJMHAKOBBIMHU pasMepamiu. [y MeTo/ia Mosie3Ha CHMMETPHUYHAS CTPYKTYpa BXOJIOB
MYJIbTHITIEKCOpa, IPUHIMAsi BO BHUMAHHWE TAK)Ke BPEMs 3a€pP’KKM CHTHAJA OT BXOJa JI0
BbIX0o/1a. [IpM MCIIOIb30BaHUU 3TOTO METOAA Ha MYJBTHIUIEKCOpE 2-1, pa3zpaboTaHHOM
1o 32-HAaHOMETPOBOHM TEXHOJIOTHH, IUIONIA/Ib CXEMBI yBennduBaeTcs Ha 28%, a mrymoBas
omubKa ymMeHbInaeTcs Ha 59%.

Knruegvie cnosa: mynsruniexcop, sxckmosusaoe HE-WJIN, urseprop, HE-H.

108



