ISSN 0002-306X. Proc. of the RA NAS and NPUA Ser. of tech. sc. 2021. V. LXXIV, N4

UDC 621.3.049.77 MICROELECTRONICS
DOI 10.53297/0002306X-2021.v74.4-457

AM. MOMJYAN

DEVELOPING A NEW SENSE AMPLIFIER BY APPLYING THE
METHOD OF THE DISSIPATION POWER REDUCTION FOR SRAM

A voltage latch sense amplifier by applying the power consumption reduction
method is introduced. The presented sense amplifier is compared with the classical voltage
latch-type sense amplifier and an amplifier with a leakage control (LECTOR) technique
is applied. The designs are carried out by 14 nm FinFET technology. The results of
simulations show that in the case of the proposed design, the power dissipation and
propagation delay is improved. Simulation is performed for typical-typical (tt), slow-slow
(ss), and fast-fast (ff), process voltage temperature (PVT) corners.

Keywords: static random-access memory, sense amplifier, LECTOR, power reduction,

FinFET.

Introduction. Nowadays, the variety of the battery-powered mounts has led
to more demanding requirements for the design of low-power integrated circuits.
Particularly, in the static random-access memories (SRAM), power consumption is
one of the important parameters.

Bit cell
Bitce

¥
. - -

Address
— Decoder

Bit line
Bit line

vy oy oy

Y v v v ¥

SA |-+ - Periphery | SA

Fig. 1. A high level SRAM block diagram
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This idea has been researched for the SRAM sense amplifier. Fig. 1 introduces
the high-level block diagram of SRAM. It shows that the SRAM periphery consists
of a row of sense amplifiers, which are connected to bit lines. While the word line
and bit line are selected, the corresponding sense amplifiers perform the reading
operation from the selected bit cell. In that period of time, other sense amplifiers
are in non-working mode and consume static power.

A method of static power consumption reduction in the sense amplifier is
introduced. The delay and dynamic power consumption of the proposed sense amplifier
has been analyzed. A comparison with other leakage reduction methods, is presented.

A typical sense amplifier. The role of sense amplifier (SA) in SRAM is to
detect the slight voltage difference across the bit lines and amplify it. As a typical
SA, a voltage latch sense amplifier (VLSA) is picked. It is shown in Fig. 2 [1].
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Fig. 2. A typical VLSA scheme

If EN equals logical 1, the amplifier is enabled. While voltage difference
appears between BL and BLB, VLSA will amplify that difference to full-swing
signal at the output. When EN = 0 amplifier is in the sleep mode, due to the
small channel length and the threshold voltage, current flows between the drain
and the source in cross-coupled inverters. Ig,;, in Fig. 2 stands for the subthreshold
leakage current [2].

Leakage power improvement approaches. Since VLSA forms CMOS
cross-coupled inverters, two leakage power reduction techniques are discussed for
inverters.

Leakage Control approach. This is one of the widely spread approaches
for reduction of leakage current and is known as a leakage control transistor
(LECTOR) technique [3]. In the sense amplifier presented in Fig. 3, the LECTOR
method is applied.

458



M F»_l i“— —’| MPS
-

@

wvd
vid ﬁl
SE qpR o—
—C‘i MPZ MP& il ||
aut

out . |
\ MM3*®
. vdd P ”_ ‘
2 —

MM
P gd ]I

P
5| MNO
P : i‘
|so)

Fig. 3. An amplifier with a LECTOR-technique applied scheme

Here, MN3, MP8 and MN4, MP7 extra transistors are to restrict the flow of
current when MP6, MN1 and MN2, MP5 are in the subthreshold region. The
disadvantage of this technique is the additional delay introduced by the method [4].

The diode-connected approach. The CMOS inverter application by this method
is presented in [5]. The approach is presented in Fig. 4. The idea of this method is
to decrease the voltage between the source and the drain. As shown in Fig. 4-b,
there are two additional transistors, diode-connected P2 and N2. The objective of
transistor P2 is to provide a leakage current to N1. That causes a rise of the potential of
the N1 source node, therefore the Vg voltage of the N1 transistor will decrease,
while the output node will have logical “1” [5].
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Fig. 4: a CMOS inverter, b — CMOS inverter with the diode-connected method
459



The new voltage latch sense amplifier is presented in the next section. VLSA
is designed by the above described technique using the SAED 14 nm technology
[6]. The power consumption and the delay are analyzed. The results are compared
with those of the amplifier shown in Fig. 2 and Fig. 3.

The proposed sense amplifier. The proposed VLSA is shown in Fig. 5.
Here, the extra transistors are MP7 and MPS. While the slight voltage difference
appears between the nets BL, BLB, and SE is equal to logical “1”, the amplifier
can perform the reading operation. In this amplifier, in the cross-coupled inverters,
there are no extra transistors, which can cause an incomplete output swing and a
I, p leakage current. The design and configuration of MP7, MPS transistors are
performed to make them work in a cut-off region. The leakage current that flows
between extra transistors increases the Vpg voltage of MN3 and MN4, so the current,
which flows between those transistors in the subthreshold region would increase,
which could cause an increase in the value of the dissipated average power.

Since the designed circuit in Fig. 3 does not have a full swing, the output
buffers of the sense amplifier need to solve that issue.
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Fig. 5. The proposed latch sense amplifier

The design was performed by FinFET technology. In this process, the dependency
between the increase in the number of fins and current is not linear. The reason of
that leakage current is the quantum mechanical tunneling [7]. To minimize these
effects instead of having two big multi-fin transistors (MN3 and NM4) four
transistors with a lower fin count is used. It is shown in Fig. 5. The design was done
with the Custom Compiler tool.

The total power consumption and the delay are analyzed. The results are
compared with those of the amplifier shown in Fig. 3-b.
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Simulations and results. The simulation results of the amplifier with
LECTOR technique applied and the proposed amplifier are introduced in Fig. 6
and Fig. 7 respectively. Simulations are performed for tt, ss, ff processes voltage
temperature (PVT) corners with a supply voltage of VDD = 0.75V £ 10%. The
power consumption and propagation delay of typical, LECTOR-connected, and
proposed sense amplifiers for tt corner, are introduced in Fig. 6 and Fig. 7.
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Fig. 6. Power consumption of sense amplifiers in the TT corner
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Fig. 7. Propagation delay of sense amplifiers in the TT corner

The table below presents the results of power consumption and propagation
delay for the typical, LECTOR-connected and proposed SAs.
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Table

Results of consumed power and propagation delay

. Power, ulv Propagation delay, ps

Sense amplifiers m T s m 0 =
Typical SA 12 20.7 5.6 11.8 9.9 15.2
LECTOR SA 8.4 16 4.2 10.4 7.9 14.6
Proposed SA 8.1 14.6 4.1 7.4 5 12.2

Conclusion. The sense amplifier for SRAM is introduced by the method of
power consumption reduction. As an object of comparison, a typical VLSA and a
sense amplifier with a LECTOR technique is applied. The design is performed with
the SAED 14nm FinFET technology. The simulations are carried out in tt, ss, ff
technological processes. The results of simulations show that the average power
consumption and propagation delay of the proposed amplifier is 32.5% and 37.3%
less than typical VLSA in the TT corner. The results of the comparison show that
the proposed SA has a 4% less consumed power than the LECTOR sense amplifier.
Another important advantage of the proposed approach is the 28.9% less propagation
delay than in case of the LECTOR sense amplifier due to the absence of two extra
transistors in the current path, which causes instability within PVT variations.
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U.U. UNUL3UL

USUSPY ONGUSkY, ZhTNN, UULE ZUUUL LA CuLEErsNI, Nhatnurus
Z9NrNkESUL LIULESUUL UtENYh UbUNUUUER

Ukpyuyugws E inp jws phptpgnn mdbqupup hgnpmpub uqkgdwi dhengh
Yhpundwudp: Qquynit nidinupupp hwdbdwwngt) E npwuwlwb jupdwt juy b Ynpunh hn-
uwtiph jurwjupdwt (LEUYSAC) dbpnnh Jhpundwdp nidbnupuph hbwn: LVuowgsnudp
Juuwpyby b 144 FInFET nkuuninghuyny: Ldwbwljdwh wpyniupubpp gnyg G nwghu,
np wnwewplusd twhiwugsh nhypnud niukup puptjuyqus hqnpmipju gnnud b hwwunnud:
Llwbwlnudubpp juunwpdt Bu whwughti-nhyuyhte (tt), nunun-nuinwn, wpug-wpwgq
gnpépupug, jupnd, okipdwunhdut (FLL) tqpuyhtt yupwdbnpkpny:

Unwbhgpuyhlr punkp. vinwnhl oywbpwwnhy hhonn uwpp, puptpgnn nidbnupup,
LEYSNC, hqnpnipjui tjwuqtgnud, FInFET:

AM. MOMJIKSTH

HOBBI CYAUTHIBAIOIIUN YCUJIUTEJb C IPUMEHEHUEM METOJIA
VYMEHBIIEHUS PACCEUBAEMOM MOIIHOCTH JIJISI CTATUYECKHUX
ONEPATUBHBIX 3ATIOMUHAIOIIUX YCTPOMCTB

[pencraBrieHa HOBask CXeMa YyBCTBUTEIHLHOTO YCHITUTENS THIA JIaTd C MPUMEHCHUEM
METOoJ]a YMEHbIIIeHUsI SHepronotpetenus. [IpoBeieHo cpaBHEHNE NMPEIOKEHHOTO YYBCTBH-
TENBHOTO YCHJIUTENS C KJIACCUYECKUM YCUIMTENEM THIIA JIaTd U C YCHIUTEIEeM, K KOTOPOMY
MpUMEHeHa TeXHUKa KOHTposs yreunoro Toka (JIEKTOP). Cxema pa3zpaboraHa mo TexHO-
soruu FInFET 14 nu. Pe3ynpTaThl CHMYIISAIINE CXEMBI ITOKAa3bIBAIOT, UTO B CIIydae Mpeio-
KEHHOM CXeMbI OBUIH YITy4IIeHBI paccenBaeMasi MOIIHOCTh U 3a[epXKKa PacIpOCTPaHECHUS.
BrimonmHeHO MozenupoBaHue ¢ IPUMEHEHHEM CIEAYIOIINX TPAaHUIHBIX 3HAUYCHHUH 10 HAIps-
JKSHHIO U TEeMITepaType: THIHIHOS-THIIMIHOE, MEIJICHHOE-MEIJICHHOE U OBICTPOE-0BICTPOE.

Knrwueswie cnosa: craTuueckoe ONepaTUBHOE 3a[IOMHUHAIOIIEE YCTPOUCTBO, CUUTHI-
Baromuit yeunutens, JIEKTOP, nonmwxkenue moiHoctu, FinFET.
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