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A NOVEL METHOD OF POWER REDUCTION FOR A SRAM SENSE
AMPLIFIER WITH A SELF-CALIBRATION MECHANISM

A latch sense amplifier with a biasing technique is designed and a new self-
calibration unit (SCU) of power is presented for static random access memory (SRAM).
Calibration of current which is the same as power consumption is calibrated for various
frequencies is the range 0.5Ghz to 2.3Ghz. The advantage of such a sense amplifier is to
control the current due to the bias-connected, saturated NMOS transistor. The simulation
of the SCU scheme is applied in the presented sense amplifier. The results of simulation
show that using the proposed SCU, the power consumption can reduce from 19% to 73%
depending on frequency. The disadvantage of the proposed amplifier with a biasing
technique increases the propagation delay from 8% to17% depending on frequency.

Keywords: static random-access memory, FInFET, self-calibration, sense amplifier,
power reduction, FSM.

Introduction. Shrinking of the device sizes and the increase in the performance
requires the solution of a new problem: optimized power dissipation of the system.
Nowadays, integrated circuits, including SRAMs can have several operation modes
in terms of performance. Besides, due to technological processes and external
influences, such as temperature, the operating frequency of the system may change.
Therefore, it is necessary to optimize the power consumption of the system for
different operation modes and different frequencies.

An important requirement of the SRAM design is the reduction of the power
during the data reading process. For that purpose, reduction of power consumption
of sense amplifier is required. One of the common types of the used sense amplifier
is latch-sense amplifier due to its small area and performance [1]. In this work, as a
reference amplifier, basic latch type sense amplifier is selected and a biasing
technique to control the current flows during the read operation is applied to it.

A sense amplifier with a biasing technique. For the power consumption
and noise resistance, a differential pair can be used as a sense amplifier, in which
the current of the differential pairs is regulated by the saturated biased transistor
[2]. However, due to the low gain, it is more effective to use latch-type sense
amplifier. Obviously the reading frequency and the consumed power are directly
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comparable [1,3]. The purpose of the proposed sense amplifier with a biasing
technique (Fig. 1) is to calibrate the current for various frequencies.

The MNO transistor is responsible for enabling the sense amplifier before
reading the data from BL and BLB. While recharge is taking place in BL and BLB,
EN is equal to logic 0. In this condition, the amplifier is in the operational state and
can detect the minor voltage difference (AV) between the BL and BLB nodes.

The purpose of additional MN3 biasing transistor is to control the current
flowing to the MP6-MN1 and MP5-MN2 branches. During the reading process the
MN3 transistor is in the saturation region and it decides the amount of the current

that flows.
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Fig. 1. A latch-type sense amplifier with a biasing technique

Depending on the reading frequency and the sensitivity threshold,
Vs = Vp of MN3 could be different. For the certain fsg frequency appropriate V),
voltage would be selected. The purpose of the latch - type sense amplifier with
bising technique is to restrict or enlarge the current depending on the data reading
frequency.

The main problem is that modern IC and SRAMs can operate with various
frequencies and the goal is to calibrate the current during the reading process for
SRAM sense amplifier [4]. The article proposes a mechanism for self-calibration
of power of the sense amplifier in SRAM depending on the established reading
frequency.

Architectural overview. The architecture of the SCU mechanism is proposed.
The sense amplifier for applying this method is presented in Fig. 1. The main idea
of the proposed SCU is to calibrate the V;, bias voltage of the MN3 transistor. The
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high level block diagram of the proposed SCU is shown in Fig. 2. In SRAM, the
reading block is an array of sensitive amplifiers. Those amplifiers must have the
same sizes, the same operation voltages and the same topology, to avoid the
timing issues during the reading process. For that reason, SCU is made as a
replica of sense amplifiers, which is the same as in the SRAM sense amplifier
array.
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Fig. 2. The block diagram of SCU for SRAM

The SCU consists of five blocks, a digital calibration block, the current
digital analog comparator (DAC), the voltage difference source (AV), the sense
amplifier and pulse width detector. The proposed calibration is meant to be for
post-production process. The principle of operation of the proposed SCU is as
follows: first, we have defined the operating frequencies and the AV voltage
sensitivity threshold. The digital calibration logic is a finite state machine (FSM)
which generates a digital 8-bit signal as an input of current DAC. As an input of
a replica sense amplifier, AV voltage is given. Depending on the output of digital
logic, the output current of the DAC will increase until the output of replica SA
will be a full swing signal (logical 1). Finally, the founded current will generate the
V,, voltage through the current mirror. The digital code for every defined frequency
will be saved.

FSM which describes the calibration logic of the proposed method is shown
in Fig. 3. There are 5 states which are:
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Fig. 3. FSM of the digital calibration logic

IDLE. FSM is waiting for START pulse to start operation.

LATCH. In this state bit lines of SRAM will be precharged. Depending on
the previous state, the current 8-bit digital code is given to the DAC input. To clarify, if
the previous state is Idle, the digital code will increase until the corresponding I,
current is found. In case of the LATCH state, the code will be I}, and so on. The
input value from the latch is read if SA is able to read with that bias voltage
(formed from I,; current). In that case logical 0 will be at the output of the latch
and FSM will move to the SAVE DAC VALUE state. In case of logical 1, the FSM
will stay in the LATCH state.

SAVE DAC VALUE. In this state FSM saves the digital value corresponding
to the calibrated I, current. Those values are saved in the registers. If all frequencies
are done, FSM moves to the DONE state, where it is asserting the “clbr_done”
signal to indicate to the SRAM controller that calibration is completed, and bias
current values are saved in the registers. In case the whole calibration is not
completed, FSM moves its state to the WAIT CLK CHNG.

WAIT CLK CHNG. In this state, FSM waits for the SRAM controller to
indicate that the clock switching is completed. Once received, it moves to the
LATCH state.

DONE. In this state, DAC inputs are set based on frequency values provided
by the SRAM controller.

In case of receiving the “start” pulse, FSM performs the calibration again.

Simulation results. Analog and digital parts are designed using the SAED
14 nm FinFET libraries [5]. The digital component of the calibration process is
shown in Fig. 4.
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Fig. 4. The simulation results in the calibration process

For designing the proposed SCU, the HSPICE simulator is used. Fig. 5
shows the output current of the DAC. This scenario happens in the case when current
I, and then V}, is not enough for the driving SA in SRAM. Calibration is done for
defined frequencies, which starts from 0.5 GHz to 2.3 GHz with the 0.3 GHz step.
Fig. 5 presents only calibration of the current for the 2.3 GHz frequency. Until the
marked red part is reached, the pulse with the detector will not be able to assert its
output. That output reaches the digital logic through the latch. Digital logic will
save the discovered current.

=il =

SR B

latch output

Fig.5. The calibration flow for detecting I, for 2.3 GHz

Simulations were done for TT FF SS technological processes with 0.75V + 10%
power supply. For the above-mentioned frequencies, calibrated currents and bias
voltages are shown in the Table below.
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Table

Results of the calibrated power consumption and propagation delay for the defined

frequencies
Current, ulv’
Frequency, GHz m T ”

0.5 5.61 9.61 3.61
0.8 8.97 12.97 6.98
1.1 9.97 15.37 7.32
1.4 11.81 18.91 9.81
1.7 15.22 22.22 13.22
2 16.8 27.8 14.8
2.3 20.89 35.89 19.8

The dependency of frequency and power consumption, calibrated power
consumption is shown in Fig. 6. The design is done for the maximum frequency of
2.3 GHz. The table above shows, that the proposed SCU allows to reduce the
power consumption by minimum 19% for minimum frequency of 0.5 GHz and up
to 73% for the 2.3 GHz frequency.
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Fig.6. The dependency of calibrated power consumption on frequency

Since the calibration process results in a sense amplifier current change, it
causes a delay in the reading process. The comparison of the propagation delay-
frequency for biased SA and simple SA is shown in Fig. 7.
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Fig.7. The comparison of the delay for the biased and proposed sense amplifier

Conclusion. The sense amplifier with a biasing technique is designed. The
purpose of sense amplifier is to limit the current and hence power consumption for
different frequencies. The SCU for the current is proposed. The SCU has analog
and digital parts. The principal of its work is to find and save the digital value for
every calibrated current for the defined frequency. The design has been done for
slow, fast, and typical technological processes. The frequencies for calibration are
picked starting from 0.5 GHz to 2.3 GHz with the 0.3 GHz step. From the simulation
results, it can be seen that power consumption of sense amplifier during the reading
process for different operating frequencies is reduced from 19% to 73%. The tradeoff
here is the increased propagation delay. Again, for different frequencies, the
propagation delay increased from 8% to 17% up to the frequency for the typical case.
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UOZU-NkU 2USNEL NRIBIULUCE 220 NRESTUL LIULESUUL Ll
UGENY PuPuUuaUraufGUUL UGULPQUE UhUNUUUR

Lwjuwgsyly b obindub mbutihjuyny qquynit nidbnuipup, b ubpuywugyty k unp hqn-
pnipjut huptwljupqupbkpdwt Ubpnn uvnwuwnhly oybpuwnhy hhonn uwpph hwdwp: Znuwtph
Jud, np unytub b, vyqundwb hqnpnipyut jupqupkpnudp junwpygt) Ewwppbip hwdwhint-
pintuutph nhypnud 0,5 24g -hg 2,3 22 Uhowluypnid: Uynuwhuh qquynit nidbnupwph wnw-
Jknipjniup hnuwph nEjudupnudt £ hkbwluwht jupnidny N whwyh dbwnwn - opuhy -
Yhuwhwnnpnhy mpwtghunnph dhongny: Puptwjupqupkpdwt ujubdugh tdwbwlnudp juwn-
wpyly b ubpjuyugus qquynit nudbnupuph Jhpundwdp: Vdwbwldwb wpynibpubpp
gng kb whu, np Yhpunking wowewnplyud hiptwlupqupbpiui hwignygp' wyundwi
hqnpnipniip Jupnn b uduqby 19%-hg 73%, Juqws hwdwhunipjniihg: Unwowpldus
otinuul nkuthjuny nidtnupuph ptpnipniap hwywundwt wét b 8%-hg 17%, Yuhiyws
hwfwhinipinihg:

Umubgpuyhli punkp. uvinunhly owykpunpy hhonn uwpp, FinFET, huptwljwpqupbkpnud,
qquyntl nidbnupup, hgnpnipju Swjuu, Jipgwynp Jhdwljubph wjnndwn:

O.A. HETPOCSIH, A.M. MOM’KSH, 1.C. INAJJIXKAH, I.B. MAHYYAPSIH

HOBBI METOJ CHKEHHS MOIITHOCTH YYBCTBATEJBLHOT'O
YCUWIMTEJIA CTATUYECKOI'O OIEPATUBHOI'O 3ATIOMUHAIOIIEI'O
YCTPOMCTBA C IPUMEHEHUEM MEXAHU3MA CAMOKAJIMBPOBKH

Pa3paboTaH 4yBCTBUTENBHBIA YCHIUTEb C TEXHUKOW CMEIIICHHUS U TIPEICTABIICH HOBBIN
METOJ] CaMOKAJTHOPOBKH MOIIHOCTH JUI CTAaTHYECKOTO OINEPAaTHBHOTO 3alIOMUHAOIIETO
ycrpoiictBa. KammOpoBKa TOKa, COBIIAAFOIIETO C IMOTPEOIIEMOi MOIITHOCTEIO, TIPOBEACHA IS
Pa3IMyUHBIX 4acToT B auanasoHe ot 0,5 o 2,3 ITy. [IpenmyiiecTBO Takoro 4yBCTBUTEIBHOTO
YCHIIUTENS] COCTOUT B TOM, YTO OH ITO3BOJISIET YIPABIATh TOKOM OJjaronaps IMOAKIIIOYCH-
HOMY CO cMeleHneM HachimeHHoMy NMOS-Tpan3ucropy. MozaenmpoBaHrue cCXeMBl caMo-
KaJIMOPOBKM IIPUMEHEHO C IPEACTABICHHBIM YYyBCTBHTEIBHBIM YCWIMTENEM. Pesynbrars
MO/JICTIMPOBAHMS [TOKA3bIBAIOT, YTO MPHU UCIIOJIb30BAaHUU NpPEAIaraeMol CXeMbl CaMOKaIN0-
POBKH MOXHO CHM3UTH 3HepromnorpebneHue ot 19 no 73%, B 3aBUCHMOCTH OT YacTOTHI.
HenocratkoMm mpeanokeHHOTo YCUIIMTENS CO CMELAOIUM MPUEMOM SBISIETCA YyBEIUde-
HUE 3aJIep>KKU pacrpocTtpaHerust oT 8 10 17%, B 3aBUCUMOCTH OT Y4aCTOTHI.

Knroueeste cnoea: cratudeckoe orepaTUBHOE 3anioMuHaromIee ycrpoictso (CO3Y),
FinFET, camokannOpoBKa, IyBCTBUTENBHBIA YCIIIUTENb, pACCEHBaeMasi MOIITHOCTh, KOHEU-
HBII aBTOMAT.
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