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HIGHLY EFFICIENT HIGH-PERFORMANCE SENSE AMPLIFIER
DESIGN IN NANOSCALE CMOS TECHNOLOGIES

Nowadays the tendency of design of integrated circuits goes in the power and area
reduction way. Power reduction requires usage of low-power design methodologies. The
latter, in turn, requires decreasing the supply voltage values. This impacts on the stability of
the sensitive parts of analog and mixed-signal integrated circuits. Sense amplifiers are
widely used in modern integrated circuits. They play a key role in memory circuits and act
as the most complex parts from the standpoint of designing. A stability improvement
method of those circuits in modern nanoscale integrated circuits is proposed in this paper.
A new sense amplifier architecture has been proposed in which the current - controlled
bandwidth has been provided highly efficient power consumption results. Besides the
current-controlled architecture has ensured the minimization of comparator offset dependency
on the power supply value.

Keywords: sense amplifier, clocked comparator, sensitivity, current source,
complementary metal-oxide-semiconductor (CMOS).

Introduction. Comparators or sense amplifiers are an essential part of
analog-to-digital conversion circuits, memory applications, high-speed receiver
systems, etc [1]. The main role of those blocks is to convert the voltage difference
between the two inputs to the binary logic level signals. In Fig. 1 the symbol view
with input and output signals’ definitions is presented. The Vout output signal goes
to the logic high level if the voltage applied on the positive node is higher than the
applied value on the negative one. To be able to bring the output signal level to the
supply values, the CMOS logic is used as an output stage [2].
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Fig. 1. The comparator symbol view

The block is able to work in several modes: single-to-single, differential-to-
single, single-to-differential or differential-to-differential. The most complex
situation is when the input signal is single-ended and the input voltage swing is two
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times lower than in differential input signalling scenarios. The realization of this
scenario requires a fixed reference voltage to be applied on the positive input. The
complexity of the problem requires high open-loop gain support and low
dependency of supply values. In parallel to the abovementioned limitaions the
reference voltage should remain stable when power supply varies [1-3].

Problem description. Modern high-speed applications such as are memory
circuits, special purpose input-output circuits, etc should support at least 1 GHz
data reception and conversion speeds. Data reception through the transmission
channels reduces the swing of the transferred signals. Lossless operation in parallel
to the low power consumption necessity requires an increase of stability of sense
amplifiers by decreasing the dependency of its main parameters on supply values
such as open-loop gain, power consumption, sensitivity, etc.

The main problem to which the research is targeted is the development of
new design strategies and corresponding architecture which will guarantee the
block capability to convert the input voltage difference with a higher than 2 mV swing.

Clocked comparators. Such comparators are the most commonly used
types of sense amplifiers which are triggered by a synchronous clock. The clock
signal source is the phase-locked-loop application which exists in any precision
high-speed application. The output signal decision is realized by doing the
amplification of input voltage difference during the rising or falling edge of a clock
signal. Fig. 2 represents a block diagram of a clocked comparator [2-4]. The first
stage is the main amplification part of the block. So, the performance and accuracy
of the data sensing mainly depends on this part. The second regenerative latch
stage consists of 2 back-to-back inverters and is used for further amplification of
the output voltage of the first stage up to the CMOS level. After the data
conversion comparator enters the reset mode. In that mode, both outputs of the
sense amplifier are at the same logic levels. To avoid comparison algorithm
failures, the third R-S latch stage is used which keeps the previous state when both
inputs are equal.
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Fig. 2. The block diagram of the clocked comparator
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The circuit level implementation of the sense amplifier is presented in Fig.3
[4]. During the rising edge of the clock signal, the M4 and M5 transistors are open,
M2-M6 and M3-M7 NFET-PFET pairs act as regenerative latch stage. The MO and
M1 input pair acts as a common-source amplifier with regenerative latch load at
the top [5]. During the clock signal rise, those two common source stages are
amplifying the difference between the input voltages. The amplified signals further
increase their values propagation through the M2-M3 common gate stage. At the
end, the voltages at the bottom of M6 and M7 devices receive logic 0 or 1 values,
thus realizing the comparison process during this mode.
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Fig. 3. The sense amplifier circuit

In the reset mode the clock signal goes to cutting the M6 and M7 devices
off and turning on the M10 and M11 ones connecting the output signals to the
power. R-S latch keeps its previous state during the whole reset mode period.

Based on the SPICE simulation results performed in SAED14 nm FinFet
technology, the sensitivity of the sense amplifier with such an architecture strongly
depends on the data rate and the supply voltage values and is not able to meet the
2 mV target specification in higher bitrates. The results are shown in Table 1.
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Table 1

Sense amplifier sensitivity simulation results of the clocked comparator

Supply voltage (V) Clock frequency (MHz) Sensitivity (mV)
10 1.2
VDD =0.8 2000 3.1
5000 6.2
10 1.8
VDD =0.72 2000 6.3
5000 8.2
10 0.8
VDD =0.88 2000 2.9
5000 4.7

The proposed solution. To reduce the dependency of the comparator
functionality on the power supply value and the frequency without impacting the
block performance, a new architecture has been designed and provided in Fig.4.
The block has an always enabled current source branch organized by the MO-M1
NMOS pairs wotking in the saturation region. In parallel to the main current source
branch, 4 new branches have been added whose outputs are connected to the same
node as the M1 drain. In a low bitrate mode, when the data signal frequency is in
the range of 1...10 MHz, the M1 current is enough to ensure the proper
functionality and sensitivity. When the data reception frequency stands higher the
corresponding current sources increase the bandwidth of the amplifier. The ratio
between the channel widths of M1 and M1 1 is equal to 1, while the ratio of M1 2
is 5, M1 _3is 10, M1_4 is 20. When the data bitrate is betweent the 0.1 Gbps and
0.5 Gbps the en_05G signal goes high, enabling the current to pass through the
M1 2 current source NMOS. If the bitrate is between the 0.5 Gbps and 1 Gbps the
en_1G signal goes high, enabling the M1 3 current source to pass through the path
and so on.

The main advantage of such architecture is its current controllability. There is
no need to force the amplifier to work at highest current consumption condition to
be able to support all data rates. As a result, in each data rate condition, the proper
amount of current flows through it, increasing the efficiency without any negative
impact on the performance. Besides that, the dependency of the comparator
sensitivity reduces due to the constant current value and the more independent
transconductance of input common source stages.
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Fig. 4. The proposed architecture of sense amplifier

To verify the functionality of the comparator the SPICE transient simulation
with 5 GHz data rate in SAED14 nm FinFet technology has been implemented. To
check the offset value over the technology deviations Monte Carlo simulation has
also been performed in the 4.5 sigma range. The results are shown by Q-Q plot view
in Fig.5. The comparator offset value is less than the 1 m} in +4.5 sigma range.
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Fig. 5. The Q-Q plot of Monte Carlo offset simulation results

To achieve such results, the channel length of the current source branches
should be enough to compensate the channel length modulation without impacting
the saturation margins of those devices. This requires proper W and L detection.
For the considered technology node, the minimum L is 0.8 um and the minimum W
is 2 um. In parallel to this approach, the input amplifier stages have been designed
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by considering the tradeoff between the amplifier offset over Monte Carlo and the
block bandwidth which limits the big sizes of those stage.

Summary. The simulation results and comparison with the existing
architecture has been provided in Table 2. The sensitivity of the amplifier has been
decreased from 8.2 mV to 0.9 mV. Meanwhile the power consumption has been
deceased by 50 times in lower data rate conditions and 2.5 times in 2 GHz data rate
case. The dependency of the offset sensitivity on power supply value has been
dramatically decreased due to the proposed architecture.

Table 2

Comparison between the existing and proposed sense amplifier architectures

Sensitivity Power consumption
Supply | Data Rate (mV) (um)
Value (V) (MHz) Existing Proposed Existing Proposed
architecture | architecture architecture architecture
10 1.2 0.2 500 10
0.8 2000 3.1 0.4 500 200
5000 6.2 0.8 500 500
10 1.8 0.25 500 10
0.72 2000 6.3 0.6 500 200
5000 8.2 0.9 500 500
10 0.8 0.15 500 10
0.88 2000 2.9 0.32 500 200
5000 4.7 0.71 500 500

Conclusion. The highly efficient high-performance sense amplifier
architecture has been proposed in this paper. The current controlled bandwidth
implemented by the digitally controlled switches and the biased transistors
operating in saturation regions have improved the sensitivity and power
consumption efficiency several times. Simulations have been performed by the
HSPICE simulator in SAED14 nm FinFet technology. The schematic design has
been implemented in Custom Compiler environment. The structure proposed in the
paper can be easily integrated in modern analog-to-digital conversion application,
high-speed receivers, memory systems, etc. The reduction of power consumption
allowed the interoperability in mobile applications as well. The achieved area,
power consumption and sensitivity results meet the technical specifications of
modern latched comparators. The latter has been tested during the design of
different types of high-speed analog-to-digital convertor architectures and shown
its high reliability and proper functionality.
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4.2 GCPENr3UY, ST PN r3UL

rUCQC UMBNPLUYESNPESUUEL B4 UMUGUSNIONRE3UUER 23U3NPL
NhFtNUCUCP LUNUSONRUT LULNUAUYUL YUOY SELNLNThUSNY,

Ukpluwnudu hinbgpuy ujubdwtibph twpjupwgddwt qgnpépupwgp dhngws k tubkpgqu-
uyundwl WJuqtkgdwp b gputg qpuntgpws dwljtptup thnppugdwp: Eubpquuyundut
thnppuignidp wyuwhwbenid E gusdp tubpquuuyundwdp twjuwgsdwt dkpnnubph Yhpwnnid:
qhpohtiu wnwewgunid £ utidw jupdwb wpdtph tugbgdwt wmthpwdbownnipni, hust hp
htpphtt whwnquyht b jpwunp wqpupwbwghtt hinkqpuy uppkdwbph qquni hwgnyg-
ukph Juyniinipjut Ypu nbh puguuwlw wqpkgnipni: Qquynit nidinupupubpp (uy-
unpkl oquugnpéynid Lt dudwwljulhg htinkqpu) ujubdwibpnid: dpwbp wnwgpuwyhte
ntp kb ppwnnid hhonpmipjut ujubdwibkpnid b bwpuwgsdwi mbuwilnithg hwighuwinid
kb wdkbwpwny dwup: Unwowplynid £ bwbingwthwlwb hinbgpuy uppbdwtpnud qquyni
nidbnupupubph juyniimpjut pupdpugdut Ukpnny: Lwhiugsyws tnp Lwpunupuy bnnt-
pintunid hnuwph wpdtph junwyupdwi hwoyhtt hwennyty L pupdpugh) k qquynit nidt-
nupuph tubpquuyuniwi wpynudbnmpmip dhwududwbwl wygwhnybyng ujubdugh
Jupuwb obnuwi wpdtph ubdwh jupnidhg wbih gusp fue]wsnpynb:

Unwihgpughl puwpkp. qquinit nidhnupup, uptppntt hwubdwinhy, qquyunipinil,
hnuwph wnpnip, YndyEdkunwp dknwn-opuphn-Yhuwhwnnpnhy (YU0Y):
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I'.1. T PUT'OPAH, T.A. T'PUT'OPAH

PA3PABOTKA BBICOKOD®®EKTUBHOI'O U
BBICOKOCKOPOCTHOI'O YYBCTBUTEJBbHOI'O YCUJIUTEJIS C
HAHOPA3MEPHOM TEXHOJIOT'MEN KMOII

B HacTosmmee BpeMs mpolecc NpoeKTupoBaHusa nHTerpaibHbix cxeM (MC) Hampas-
JICH Ha CHIDKEHHE SHEPronoTpeOeHNs U YMEHbIIEHHE 3aHuMaeMol tomany. CHKeHue
SHepronorpedneHus TpedyeT NPUMEHEHHUS! METOJOB NTPOEKTHPOBAHKS C HU3KUM SHEPIOIOT-
pebnenuem. IlocienHee BbI3bIBAET HEOOXOAUMOCTh CHIDKCHUS 3HAUEHHS HANPSDKCHUS -
TaHMs, YTO OTPULATEIHHO CKA3bIBACTCS HA CTAOMIBHOCTH TyBCTBUTEIIBHBIX Y3JI0B aHAJIOTO-
BBIX ¥ CMeIIaHHBIX cUTHAIBHBIX VIC. UyBCTBHUTENBHbIC YCHIUTEIH IHPOKO HCIOIb3YIOTCS
B coBpeMeHHBIX MIC. OHM UrparoT KIIFOUEBYIO POJIb B CXeMax IaMsTH, SBISIOTCS Haubosee
CII0’KHOM 4acThIO C TOUKH 3pEHMs MPOEKTUPOBaHUs. B cTaThe mpeiaraercss METOJ MOBBI-
IIEHHUs CTAaOWIIBHOCTH YyBCTBHUTENILHBIX YCHINTENEH B HAHOMETPOBBIX MHTETPAIBHBIX CXe-
Max. B mpemiaraemoii apxurektype 3h(HeKTHBHOCTh SHEPTrOMOTPEOICHUS UyBCTBUTEILHOTO
ycuiuTens Oblla yBelIMYeHa 3a CUET YIpaBJICHUS 3HAYCHUEM TOKa, 00ECIeYnBasi B TO XKe
BpeMsi 0ojiee HU3KYI0 3aBUCHMOCTb 3HAUCHHS OTKJIOHEHMS HANPSDKEHHUS OT HAIPSDKEHMS
MUTaHUA.

Kniouesvle cnosa: 1yBCTBUTENBHBII YCUIINTENb, CHHXPOHHBIN KOMIIApaTop, 1yBCTBU-
TENBHOCTD, HICTOYHHUK TOKA, KOMIUIEMEHTAPHBIN MeTaluT-oKcHA-iorypoBogauk (KMOIT).
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