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DESIGN OF A COMPARATOR USED IN I/0 UNITS OF INTEGRATED
CIRCUITS FOR A 14-NAM COMPLEMENTARY METAL-OXIDE-
SEMICONDUCTOR TECHNOLOGICAL PROCESS

G.A. Ohanyan', M.T. Manvelyan', M.TS. Ayvazyan®

!CJSC "SYNOPSIS ARMENIA"
XNational Polytechnic University of Armenia

In order to have high data transfer speeds, it is necessary to develop receiving and
transmitting systems. Receiving and transmitting systems can transmit those speeds without
a loss of data. Electromagnetic fields cause noise on transmission lines with uncoordinated
wave resistance, and the network of these noises can disrupt the proper operation of the
device.As we know, a comparator is an integral part of receiving and transmitting devices
designed to compare two analog signals. We give an analog signal at the input of the circuit
and receive a digital one at the output. Thus, a comparator can be thought of as an element
that performs transitions from an analog signal to a digital one, that is why, it is often
referred to as a one-bit analog converter. The comparator has many parameters. These
include speed, power consumption, sensitivity, threshold voltage, etc.

High-speed comparators allow to get a maximum speed while they take up less
space. It is suggested to design a clocked comparator for the 14-nm CMOS technological
process, which will have an input sensitivity of 4 m} at a clock rate of 3 GHz. During the
research, one scheme wasobserved, parametric optimization wasperformed through the
SPICE model, physical modeling was performed using Custom Compiler. The results were
displayed and measured using WaveView.

Keywords: comparator, SPICE, symmetrical and asymmetrical layout, physical
layout.

Introduction. The production technology of modern integrated circuits has
reached the size of nanometers. The latter allows the production of integrated
circuits in which the smallest size of transistors is up to 3 nanometers.

The signals used to measure all the phenomena in the world around us are
analog. The connection between the analog signal and the digital system is
established by analog and digital transducers. The structural unit that performs the
basic comparison function of analog and digital converters is the comparator [1, 2].

A comparator is a device that performs a comparison operation. There are
different types of comparators, depending on the application.
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The comparator diagram and operation description. A comparator was de-
signed based on the following scheme (Fig. 1) [3].
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Fig. 1. The scheme of a comparator

The comparator has 4 inputs: CLK, !CLK,Vdc1, Vdc2.

CLK and !CLK control the comparator, i.e., they switch on or off the power
supply. During the research, CLK and !CLK were given a pulse voltage. Vdcl and
Vdc2 are the signals that are compared by the comparator [4-6]. During the re-
search, one of the inputs of the circuit was given a constant voltage and the other

one - a pulse voltage (Fig. 2).
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Fig. 2. Characteristics of the work of the comparator

The sensitivity of the comparator is 4 mV (Fig. 2). The outputs outl and
out2, and the 20 FF loads are connected to their outputs.

Under ideal conditions, on the positive front of CLK, outl changes from 1 to 0, and
on the negative front - from 0 to 1. During that time, out2 is at the high logic level,
that is, in state '1'.

A comparator with asymmetrical parasitic capacities. When drawing the
physical layout of a comparator, it is very likely that parasitic capacities will
develop, which will most likely affect the output profile. Bearing all this in mind,
several studies are conducted.

As a parasitic capacity, we connect the capacities Cl and C2 to the
expressions of M9 and M10 nMOS transistors.

Let us regard C1 =9 FF, C2 =4 FF. As you can see in Figure 3, the output
profile changes. On the positive front of CLK, out2 switches from a logical "1" to
'0’, and on a negative front, it switches froma logical ‘0" to 1.

118



vivdc1) ny
vivde2) n

- v(our2) ¢

e R o s
Fig. 3. The comparator V/s characteristic when Cl1 = 9 FF, C2 =4 FF

The comparator with symmetrical parasitic capacities: CI=C2=9FF. In

this case, the output does not change, and the graphic reflection is as follows (Fig.
4).
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Fig. 4. The comparator V/s characteristic when C1 = C2 = 9FF

The physical layout of the comparator. It follows from the above research
that the physical layout should be symmetrical. First and foremost, in given case, it
is easier to design thelayout(physical appearance) of the scheme, as well as work
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with it. It becomes clearer and more understandable. The process of matching the
transistors is easier and faster. And most importantly, the parasitic capacities of the

scheme are equal.
It is recommended to divide the scheme into two parts (as in Fig. 5), then, to

draw its physical layout, and connect it to its mirror image.
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Fig. 5. Half comparator

The symmetrical physical layout of the comparator. In Fig. 6, you can see
the symmetrical physical appearance of the comparator.

Fig. 6. Symmetrical physical design of the comparator

Fig. 7 shows the graphical description of a symmetrical physical layout. It is
clearly seen, that the results satisfy the giventask, which isprovidingthe input
sensitivity of 4 mV and 3 GHz clock rate.
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Fig. 7. The characteristic of a symmetrical physical design

Fig. 8 shows an asymmetrical graphical description, which, as we can see,
does not satisf the problem.
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Fig. 8. The characteristic of an asymmetric physical design

Conclusion. As we know, nowadays it is possible to transmit data at high
speeds over both long and short distances. Several things are needed for
uninterrupted data transfer. First and foremost, it is important to demonstratehigh
noise resistance, minimum power consumption and high speed. Along with all this,
it is necessary to find a compromise between functionality, power and noise.

From the results, it can be concluded that the designed comparator meets
the technical requirements. That is, at a clock rate of 3 GHz, the input sensitivity is
4mV.
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PUSEAUL UMGUULECE UNERSR BY, GLR Z2ULENP38LENRU
0aSUGNT4YNN, ZUUTBUUSP LUNUQONRUT 14-0LULN2ULULNS
YNUMNLPUTGLSUL UBSUN-OLUPMM-YPUUZUNNMBP2 SGRLALNAPUYUL
AN OCLEUSH ZUUULN

Q.U. Ohwiywi, U.S. Umbdkjui, U.8. Upjuqub

SYjwjutiph thnpuwbgdwt pupdp wpugnipniiittp nibkbwne hwdwp wihpudtonm &
Uowljly punmiinn b hwnnpnnn hwdwlupgbp: Cunniting b hwnnpnnn  hwdwlwpgbpp
Juwpny Bt wyn wpuqmipniuibtpng wdjuyubp hinjowigl]’ wowig nbnkinipjut Ynpunh:
Uwljuytt whwnp k hwpgh wnil), np tdwh wpugmpniuaitph ghypnd wpwgwinud Eu twl
huughpubp: Fpwip Yupnn Bh Juwydws (hubk] gpynn hqnpmipinitubph, wndnidyjukph
dwuppuyutph b hwnnppuwt gstph hbkwn: Zwnnppdwt  gétipnid  wpwewtnd G
wnunifubp, hull wn wnUnijubph weluynippiup jupnn b oowwilk] vwpph dhown
wpluwnwtipp:  LEjupudwquhuwui. quowntpp b shwdwdwjubgqué wihpuyh
phdwnpnipnit niukgnn hunnppdwi gdtptt wnwewgunud ki htug wynuhuh wndniyubp:
Zundbdwnhsp npugbu pigniiing b hwnnpnnn wwppbph whpudwikh dwu, twunbu]uws
bt Epynt whwinquyhtt wonuipwbubph hwdbdwunnipjutt hwdwp: Upbduwh dnunpnid
upynud ki whwnquyhtlt wqquipwbibp, huy kpnd wnugdnd pdugh:. Ujughuny®
hwdbtdwwnpsp Yupbih B wunltpugul] npybu whwnquyhtt wqnuiipwthg pyuyhth
wlgunn wwpp, nunh wgt hwdwpp widuwind b dbiphpwith whwinqupdught
dtwhnjuhy: Ugh mth puquuph] wwpudbnpbp: dpuighg b wpuqugnpénipyniip,
uywnynn hqnpnipiniup, qquyunipiniip, skduyght jupnudp b wyje

Unyt wphiunwbpnid numdtwuhpyl] E wwljnughtt wgnuipwiing wphiwnnn
wpuqugnps hwdbdunhyp: Llwbwinhy hwdbdwnhsibpp htupudnpnipymi bo wwghu’
unwbunt wpunfbjugny wpuqugnpsmpmt’ thududwiwly qpunbgibing wbh thnpp
dwlbptu b wwywhnybing wkh ks tubpqubwnnnipini: Munph npduspt b 14-
twinswithwiing 4YUOY  wbjuinnghwlwt  qopépupwgh hwdwp bwhwgst)
pupdphwdwpuljuiwht - mufunuynpyny  hwdbdwwnhs, npp 3 24g  mwlunught
hwfwhmipjut nhypnid Yniubbw 4 9 dnunpuyghtt  qquyunipmit: Upjuwnwuiph
nupwugpnid nhwwpldl) bkl vjubdw, junwpdl B ygupudbnpuljut oyunhdwjugnid
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SPICE unphjudnplwt dhongny, HSPICE bspwgpuyhtt gopshpny: Ywwnwpdlp b twb
hwubdwwnsh $hqhjujut Unpbjuynpnud Custom Compiler dpwqpuyhtt qnpsdhpny, huly
wpyniupubpt wpunwsyt) ki WaveView dSpuqpuyhtt qnpdhph dhongny:

Unwigpuyhll punkp. hudbdwnhy, SPICE, hwdwswith b ny hwdwsuth hwpiwgsnid,
dhqhjuljub twpwugsnid:

INPOEKTUPOBAHUE KOMITAPATOPA, UCITIOJIB3YEMOI'O B Y3JIAX
BBOJA-BBIBOJA UHTEI'PAJIBHBIX CXEM JJIA
14-HAHOMETPOBOI'O KOMIIVIEMEHTAPHOI'O

TEXHOJIOI'NMYECKOI'O MPOLHECCA METAJLJI-OKCHU -
noJaynrPOBOJHUK

I'.A. Oransin, M.T. MauBejsin, MLII. AiiBa3zsin

Uro0BI MMETh BBICOKHE CKOPOCTH Iepeladdl MaHHBIX, HEOOXOIMMO pPa3BHBAThH
npuemoriepenaomme cuctemMsl. [IpuemMHble U mnepefaroniie CUCTEMbl MOTYT TepefaBaTh
JTAHHBIC Ha THX CKOpocTsax 0e3 morepu mHGopMarmu. OXHAKO CIEAYET Y4eCTh, U4TO MPH
TaKUX CKOPOCTSX TaKXKe BO3HHKAIOT MPOOJIEMBI, KOTOPHIC CBS3aHBI C PACCCHBAIONIIMHU
CIocOOHOCTSAMH, YPOBHSMH IITyMa M JTHHHUAMH TEepelavd. B TUHUAX mepesadd BOSHUKAIOT
OIyMBI, KOTOPHIC MEIIAIOT TMPAaBHIBHONH paboTe ycTpoiicTBa. VIMEHHO Takue IIyMBI
MPOU3BOJAT AIEKTPOMATHUTHBIC TOJISL U JIMHUU NEPEJauyld ¢ HECOIIACOBAHHBIM BOJIHOBBIM
conpoTuBieHreM. Kak W3BECTHO, KOMMIApaTop SBISETCS COCTABHOW YacTbhlO MPHEMO-
MepenaoluX yCTPOUCTB, NPeJHA3HAUEHHBIX ISl CPABHEHUS JBYX aHAJIOTOBBIX CHUTHAJIOB.
Ha BxoJ cXeMbI TIOZJaeM aHAIOTOBBIC CUTHANIBI, @ HA BEIXOJIE MoiydaeM mudpoBbie. Takum
00pa3oM, KOMITapaTop MOKHO pacCMaTPUBATh KaK 3JIEMEHT, OCYIICCTBISIOINHN Tepexo]] OT
aHAJIOTOBOTO CHTHANA K IM(PPOBOMY, ITOITOMY €ro 9YacTO HAa3bIBAIOT OIJHOOWTHBIM
aHAJIOTOBBIM TIpeoOpazoBaTesieM. Y HEr0 MHOTO IapaMeTpoB, B YAaCTHOCTH, CKOPOCTb,
moTpebIsieMast MOIITHOCTh, YyBCTBUTEIIEHOCTD, IOPOTOBOE HAMIPSDKEHHE U T. 1.

B manHoO#i paboTe uccnemyercs OBICTPOACHCTBYIONIHIA KOMITApaTop, PadOTaIOMINi ¢
TaKTOBBIM CHTHaJIOM. [I0JJOOHBIC CpaBHEHUS TO3BOJIAIOT IOMYYHTH MAaKCHUMAIBHYIO
CKOpPOCTh, 3aHHMMAasi HaWMCHBINCE MPOCTPAHCTBO W oOecreunBas OONBIIYI0 SKOHOMHIO
SHEprud. 3amavya COCTOMT B TOM, 9YTOOBI pPa3paboTaTh BBICOKOYACTOTHBIA TaKTOBBIH
KoMIaparop st 14-HaHOMETPOBOTO KOMIUIEMEHTApPHOI'0 TEXHOJIOTHYECKOro IMpoLecca
METaIUT-OKCHI-TIOTyTIPOBOIHUK, KOTOPBIA OyIET UMETh BXOIHYIO YyBCTBUTEILHOCTH 4 MB
mpu TakToBoM wacrore 3 [7y. B xome paboTel OBbDIa BBIACTICHA OJHA CXEMa,
napamerpuueckas onTumuzauusi BeinosiHsnack MeroaoM SPICE  mopenupoBanus ¢
noMoIe0 nporpammHoro uHcTpyMmeHTapuss HSPICE. ®usnueckoe MopennpoBaHue
KOMTapaTopa MPOBOIMIOCH C IIOMOMIBIO TTporpaMmmMHoro nHCTpyMeHTa Custom Compiler, a
Pe3yIBTATHl OTOOPAKAIHCH C MOMOIIIBI0 IPOTPAMMHOTO HHCTpyMeHTa WaveView.

Knrwueswie croea: xommnaparop, SPICE, cummerpuuHas 1 aCUMMETPUYHAs IaHU-
POBKa, (hu3nvecKas TUIAHUPOBKA.
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