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Abstract

Sense amplifiers are one of the most vital circintghe margin of CMOS memories. Their performamtiuences both
memory access time and overall memory power dismaThe existing Current-Mode Sense Amplifier ptad with a
simplified read-cycle-only memory system has théitgtio quickly amplify a small differential sighan the Bit-Lines (BLS)
and Data-Lines (DLs) to the full CMOS logic levelthwut requiring a large input voltage swing. Ther@nt-Mode Sense
Amplifier has two levels of sensing schemes. Thisrdrchical two-level sensing scheme helps in rgdudoth power
consumption and sensing delay imposed by ther®sland the data-lines on high density SRAM desiginis type of Current-
Mode Sense Amplifier improves the sensing speedrafiability of the previously published designsdaat the same time
reduces the power consumption to a considerabknexin order to further improve the performancetaf existing current-
mode sense amplifier, an efficient current-modeseeamplifier is proposed in this research. The @sed research work uses
the clamped bit-line sense amplifier

Keywords: Current mode and sense amplifier, low power, low voltage SRAM.

1. Introduction chip memory will occupy a large portion of the clipea; the
power dissipated within the memory, both active atahdby
will become a dominant part of the total power econption
of the chip[2], [4]. The sum of the power consuroptiin

SRAM cells are known to be highly sensitive to msx
variations due to the extremely small device sifage to the
high demands on the portable products, power COPBOMIS  jocqders; bit lines, data lines, sense amplified, geriphery
a major concern in VLSI chip designs [1]. Espegiaihe low  grq\jits represents the active power consumption.
power static random access memory (SRAM) becomeag mo
important because the number of memory cells ardbib - gonge amplifier is one of the important periphefaduits in
width continue to be larger. With technology scglithe he memory as it strongly influences the memoneasdimes
requirements of higher density and lower power &iubd g1 |t retrieves the stored data from the memorsay by
SRAMs are increasing exponentially. It is expedtet more 5 jifving the small differential signal on the-bites. One of
than 90%_of the die area in future_ system_-on-cBmC() W|II_ the key challenges that limit the performance ohsse
be occupied by SRAM [14]. This IS driven by the Mig 5mpiifiers is the increasing bit-line capacitanf@ls [12]. In
demand for low-power mobile systems; RAM is an im@ot 54 anced memories the capacitances of the bit-lse
part of moderni microprocessor design, takl_ng aelapgrnon increasing due to technology scaling and the irsinga
of the total chip area and power. Increasing thesitie of ,mher of cells attached to the column. In such orees
SRAM caches provides an effect|v_e me_thod to e”ha'\‘?&tage mode cannot keep up to their performanegetly
system performance. Scaling device size doubled g qing to the need for faster sensing technigoasare not
transistor count every two years according to MB0faw,  a¢fected by the bit-line capacitance [13]. Curremide sense
and hence the density of SRAM caches kept MOUrVESY 5pjifier are applied to reduce the sense circeiiagt as they
next generation [13]. provide low common input/output impedances and theye
the ability to quickly amplify a small differentigignal on the

SRAM represents a large portion of the chip, andsit nji jines (BLs) and data-lines (DLs) to the full @® logic
expected to increase in the future in both portaeldces and o\ el without requiring a large input voltage swirig widely

high-performance processors. To achieve longeehatife ;504 a5 one of the most effective ways to redutie sensing

and higher r.eliability fo.r portable applicatiqn,vucpower delay and power consumption of the SRAM. The singilit
SRAM array is a necessity [4]. Several techniqugeibeen i nandence presented to the bit-lines result inced voltage
proposed to reduce the power consumption of SRAMDON-  gyings, cross-talk and substrate currents. Theentimode
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sense amplifier converts and amplifies a small enirr
difference into CMOS voltage levels. The followisgctions
describe different type of current mode sense diapland

due to its inherent advantage of performance owtage

mode sense amplifier.

This paper presents a current-mode SA that imprdkies
sensing speed and reliability of the previously lishied
designs and at the same time reduces the poweuroptsn.
It was extensively simulated and graphically présenin
comparison with other widely used SA topologiesnaly the
high-speed [11], decoupled latch [5], [6], the aghtch [7]
designs and read only memory system [1] designs.

Paper Organization

The rest of the paper is organized as follows. #cti®n 2
Existing systems. Section 3 Result. Finally, wewdraur
conclusions in Section 4.

2. Existing Designs

Current mode sense amplifier is used to detectctireent
difference between the bit lines to determine wheth‘1l’ or
‘0’ is stored in the memory cell. It directly meass the cell
read current and transfers it to the output ciscuithis
approach can overcome the restriction of gain réclic
brought on by voltage mode sense amplifier at lcwer
supply voltage [13]. This section briefly describéise
operations of existing designs studied in this wdrk this
current conveyer sense amplifier will be used ags t
benchmark to evaluate the performance of otheenotumode
sense amplifiers.

2.1 Current Conveyor-Based Sense Amplifier

BL

BL

Fig. 1. Current Conveyor

The conveyor-based sense amplifier was consistsunf
identical pMOS transistors [P1-P4 in Fig.1] conedcin a
feedback structure. It is assumed that the compitane bit-
lines (BL and BL’) are pre-charged tg,yand all four pMOS
transistors operate in saturation region duringréaal cycles.
The current conveyor is enabled by triggering tiodumn
select (CS) signal low. Since all four transistase in
saturation, their source-to-drain currents are adpendent
on their gate-to-source voltagess a result, voltage at the bit-

line terminals (VBL and VBL') is the same and eqtea(V1 +
V2). The current conveyor therefore has the abibtgonvey
the differential current from the bit-lines to tldata-line
without waiting for the discharging of the highlppacitive
bit-lines [8].

Thus, this design achieved both higher sensing dspzel
lower power consumption when compared to the coimwesl

voltage mode designs in which large voltage diffiese must
be developed between the bit-lines [8]. Based am bhasis
structure, several improved versions of this desigme been
reported, mainly by adding current mirrors to teetfof the
current-conveyor to enhance its current drivabi[@y, [10],

[11]. This paper compares new current mode sengsifaan

with the high-speed design [1MVvhich consists of four
additional nMOS transistors shown in Fig. 1. Thes4OS

devices form two current-mirrors to intensify theitmut

currents I1 and 12 to the data-lines. This desighb& used as
the benchmark to evaluate the performance of otherent
mode sense amplifiers.
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2.2 Alpha-Latch Sense Amplifier
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Fig. 2. AlphaLatch

The alpha latch [7] is depicted in Fig. 2. The nM&hsistor
N5 is used to turn the amplifier off during standhys saves
power. When the sense amplifier is activated by dhable
signal (EN), the differential input from the complentary
bit-lines induces a differential trans-conductarmteN3 and

N4. As a result, voltage and current differencel agipear at
the drains of N3 and N4, i.e., the sources of Nd [48. Since
the CS signal turns off N6, the flip-flop structundll latch

and full swing voltages will be available at nodesand B,

turning one of the transistors N7 and N8 on while other is
off. During standby, EN’ is kept high to turn P3daR4 off.

During operation, both P3 and P4 are turned orobhatof N7
and N8 is turned off, thus only one current withvl to the
data-lines to the output of SRAM.

148



I nter national Journal of Computational Intelligence and Informatics, Vol. 1: No. 2, July - September 2011

2.3 Decoupled Latch Sense Amplifier
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Fig. 3. Bit-line decoupled latch

The decoupled-latch consists of six NMOS and twoQSM
transistors, as shown in Fig. 3. Similar to thehahmatch, its
N3 is used to save power. The reason of use ankédS
device in Fig.2 and Fig.3 is because it gives allsmarea

comparing to a pMOS with the same current strength.

Furthermore, BLs. is pre-charged tgpand hence nMOS tall
device is required.

It is in contrast with read cycle only memory gyss
design in Fig. 4 where a tail pMOS device must lsedu
because DL and DL bar are pre-charged to groundadkie
the heavily loaded bit-lines issue, these bit-Isignals are
tapped to the input ports of the amplifier througho
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Fig. 4. Proposed design coupled with a smplified read-cycle-only
memory system

During the standby period, P3 and P4 are turnedoofflock

decoupled devices, i.e., P3 and P4. Once the rigit-ligny BL currents. The Column Select and Global EngBIS

differential signal is induced at nodes C and [ Hkitch is
enabled by turning off N4 but turning on N3. Comeatly,
P3 and P4 are turned off to decouple the bit-litem the
high-swing output nodes. The use of P3 and P4 elbscing
the impact of the bit-line capacitances on the vy
activity, hence significantly reducing both sensthgay and
power consumption[5], [6]. Similar to the alphactatdesign,
full swing voltage at nodes C and D is transfetethe data-
line differential voltage by the means of a pair flI0OS
transistors, as shown in Fig. 3.

2.4 Read Cycle Only Sense Amplifier

This Sense Amplifier is coupled with a simplifiegbd-cycle-
only memory system [14], is presented in.Higlt consists of
two sensing stages: local and global. The locadisgrstage is
formed by four pMOS (P3—P6) and three nMOS (N1, &)

N7) transistors. While P3 and P4 act as a columickwthe
rest of the transistors establish the local crasgpled
inverters, which are responsible for generating e

differential currents and transferring them to ks. The
global sensing stage consists of three pMOS (P7aR®)ive
NMOS (N3-N6 and N8) transistors. In Fig. 4, two puit
inverters, which serve as buffers to drive the piadly large

output loads to full CMOS logic output levels, as¢so

included. The operation of the proposed Sense Aiplis

described as follows.

and GEN) signals turn on N7 and N8 respectivelgdaalize
nodes A, B and C, D to the same potential, respelgti
Meanwhile, two pre-charge transistors N5 and N6tareed
on to pull both DLs to ground. At the same time,i®8urned
off to save power. Since P9 is off and the DLs@meecharged
to ground, C and D are also at a low potential (rég)

during standby. The two output inverters are algbodf by

P9, as shown in Fig. 4. This topology ensurestti@standby
current of the circuit, and thus the power dissipatare
minimized.

Consider both RS1 and CS2 being activated durirgaal
operation. The pre-charge signal (PRE) turns N5 M@dff,
allowing the DL voltages to change freely. The mgmeell
at the upper row and right column will be selectegulting in
a small cell current, flowing from BL bar the into the cell
as shown in Fig.4 and discharges the BL bar tolage level
lower than that of the BL. As CS2 is triggered Id&*@ and P4
are turned on to transfer the BL potentials andcBirents to
the inputs of the local cross-coupled inverters.tif¢ same
time, N7 is turned off to activate the local crasspled
inverters. This building block senses the voltagd aurrent
difference at the source terminals of P5 and P6 qandkly
finishes its latching process. Hence, node A ideputo Vpp
while node B is discharged to the same potentiahefDL
bar, which is near ground, More importantly, durittgs
latching process, the pulsing current flowing frdd@ to DL
bar, i.e., is much higher than that from the Nihe DL. This
phenomenon can be intuitively explained as follows.
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During standby, nodes A and B reside at a low pgitenear
V. Once the sense amplifier is activated, both mpmtentials
will slightly rise and then quickly start to dewat For

example, node A approaches neap While node B plunges
to near ground. Thus, transistor N1 is in cutoffsinof the
time. On the other hand, transistor N2 operategriode

region and then moves to saturation region, regultin a
much larger pulsing current when compared to tHaNb.

Integrating these two currents over time we get tibiml

charges flowing to DL and DL bar, respectively.

These differential currents flow to the DLs and uod a
voltage difference on the global data-lines. Sirhilathis
voltage difference is amplified by the global segsstage to
the intermediate outputscvand \p, also shown in Fig. 4.
These two voltages are then fed to the output mufteget the
full CMOS logic levels. It is worth mentioning thtte global
sensing stage can only be activated after theifeggbrocess
of the local amplifier has completed. This hieraah two-
level sensing scheme helps reducing both powerutopison
and sensing delay imposed by the bit-lines anddtita-lines
on high density SRAM designs. The global sensimgestis
required to amplify the small differential signah the data-
lines to a full CMOS logic level at the output bEtSRAM.

The total active power dissipated in the proposéd i$
limited by the cell current flowing from one of tig.s to the
node of the cell where a “0” is stored (which spldepends
on the cell design) and the switching currentshef $ensing
stages. After latching, the cross-coupled confitjonastays at
one of its bi-stable stages and no additional otrris
consumed and hence, power dissipated on the BL®aads
optimized. Sensing delay is defined from the tinteew CS

2.5 Proposed Work

SApN 1Mo

Fig. 5. Clamped Bit Line Sense Amplier

The power dissipation and delay of the sense aimptfrcuit
can be further reduced by using Clamped Bit Linesge
Amplifier (CBLSA), shown in fig. 5Using this amplifier, the
voltage on the bit-line is clamped to a stable agdt (\kep)
the signal current produced by the cell can transfieto an
internal sense amplifying node without chargingideging
the large bit-line capacitance. So that both thesisg delay
and power is further reduced and it is used in |mwer
application.

This sense amplifier uses three pre-charge andlizgtian
transistors (M7, M8 and M9), two current sensirangistors
(M5 and M6) and four back to back inverter configfion
transistors for the voltage output stage (M1, M3, M14). Its
operation follows two stages pre-charge/equalimatiand

signal reaches half 34 to the time when the differential

output reaches half- 3. Since the global data-lines ar sensing. The following is the timing schedule Bnsistors

eI\/I7, M8, M9 are turned on to pre-charge and equatime

shared among many columns, their parasitic capataare
significant and have an important impact on theuinpargin
of the global sensing stage. The voltage differeanethe
data-lines must be larger than the input offsetagd of the
global sense amplifier in order to perform a carmeadout.
Thus, number of columns sharing the data-lines lshbe
considered carefully to maintain a reasonable impartgin. It
is determined by the size of the MOS transistorthalocal
sense amplifier (i.e., N1-N2 and P5-P6).

In the design of the memory cell, for obtaining thetter
results like less power dissipation minimum delagnse
amplifiers are used. Different types of sense diepdi are
used in memory design according to their perforreafite
delay of the sense amplifier should be very snmathsat it can
detect even the small change on the bit lines asd¢hd and
write operation get starts. Sense amplifier redubespower
dissipation of the whole circuit. While design tlsense
amplifier, it is kept in mind that the delay andwsw
dissipation remain minimum.

sensing nodes, 2) transistors M7 and M8 are tuoffe@hd the
memory cell will be accessed, 3) the current frow ¢tell is
started being sourced by one of the transistoraMilM2, 4)
then a voltage difference is started forming or @f the
output nodes, 5) Finally, this voltage is furthenmified by
the positive feedback amplifier until it reache® tlatched
state.

Another observation is that this amplifier maintdn a
constant speed over increased bit-line capacitanoe.
recognize the power savings of current sensing ifiemgl
there is a need to examine the dynamic power digsip of
the voltage sensing amplifier. In voltage sensthe, bit-line
are discharged and charged bygd\close to 400mV) for
every read operation. When this g]Ms combined with both
increasingly large bit-line capacitance CBL, andade
frequency "f.d' the energy following the below equation
becomes large.

P=Cs. 1”3::_ - fread

The current sensing amplifier on the other hand dasry
negligible voltage swing, thus nearly eliminatingndmic
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power dissipation. Furthermore, this bit-line vgkanactivity

significantly decreases cross talk between bitslirmad suppl altidich
g y pp y W Fle Edt vien Smustion Table Options Windaw Help
voltage drop associated with bit-line charge up. DEHER & B =9
> B
4,54319e-005 0.00002+000 1.8000e+000 -8.4700e+000 6.2122e-001 7.4708e-001 1.5051e-004
3. R%Its 4,56706e-005 0.0000e+000 1.8000e+000 -8.4694e+000 6.2106e-001 7.5051e-001 1.5864e-004
4.6152e-005 0.00002+000 1,8000e+000 -8.4688=+000 6.2089e-001 7.5472e-001 1.68562-004
. . . . 4.6752e-005 0.0000e+000 1.8000e+000 -8.46832+000 6.2078e-001 7.5758e-001 1.7527=-004
This Chapter deals with simulatioasults of the Current mode 4,7511e-005 0.0000+000 1.5000e+000 -5.46794000 6.2070-001 7.6004e-001 1.30082-004
Y . . . 4,8197e-005 0.0000e+000 1.8000e+000 -8.4676e+000 6.2065e-001 7.6177e-001 1.8499e-004
sense amplifiers. The simulation tool used is TANNHhe 4.35850-005 0.0000e4000 1.0000e3000 -5.8670e5000 6.2056s-001 7.6363e-001  1.5213e-004
5.00000e-005 0.0000e+000 1.8000e+000 -8.4670e+000 6.2054e-001 7.6540e-001 1.3392e2-004

power analysis is obtained with the help of TANNERI.
The simulation results are shown as follows.

* BEGIN NON-GRAPHICAL DATL

Power Results

vl from time 0 to 5e-005

iverage pover consumed -> Z.151709e+000 watts
Max power 3.909942e-004 at time 5.00064e-006
Min power 1.4521531e-008 at time 32-005

# END NCN-GRAPHICAL DATA

* Parsing 0.09 seconds
* Setup 0.01 seconds
# DC operating point 0.01 seconds
* Transient Analysis 0.17 seconds
N

# Total 0.28 seconds

* End of T-Spice output file

Fig. 9. Power analysisof alphalatch

iFi\e Edit Wiew Simulation Table Options Window Help

DEEdER A =M

3 %

4.540042-005 0.0000e+000 1.8000e+000 9.37942-001 1.6428e-001 -2.1145=-001 -1.3504=-004
4.56326e-005 0,0000e+000 1.5000e+000 9,6701e-001 1.652%e-001 -2.1137e-001 -1,3519e-004

4.53006e-005 0.0000e+000 1.5000e+000 8.77742-001 1.6577e-001 -Z.1125e-001 -1.3538e-004

4.63060e-005 0.0000e+000 1.5000e+000 8.7332e-001 1.6589e-001 -Z.1110e-001 -1.3557e-004

4.66847e-005 0.0000e+000 1.8000e+000 9.6951e-001 1.6597e-001 -Z.1094e-001 -1.3565e-004

4.71020e-005 0.0000e+000 1.8000e+000 9.6686e-001 1.6607e-001 -Z.1075e-001 -1.3576e-004
4.8467e-005 0.0000e+000 1.3000e+000 9.6222e-001 1.6636e-001 -Z.1011e-001 -1.3609e-004
5.0000e-005 0.0000e+000 1.8000e+000 9.6010e-001 1.6684e-001 -2.0935e-001 -1.3633e-004

T BEGIN NON-GRAPHICAL DATL

Pover Results

vl from tirve 0 to 5e-005

Average power conswwed -»> 1,39172G6e+000 watts
Max pover 1.550258e-004 at time 5.001e-006
Min pover 1.3496G65e-004 at time 5.27404e-006

Fig. 10. Waveform for bit line decoupled latch sense amplifier

* END NON-GRAPHICAL DATA

* Parsing 0.09 seconds
* Setup 0.01 seconds
* IC operating point 0.01 seconds [Modul=0]
T Transient Analysis 0.07 seconds @ File Edt View Simulation Tsble Options ‘Window Help
+ o =
DEE SR M = M e
+ Toral 0.18 seconds —
» =
4.709611l=-005 1.0930=+000 1.0930e+000 0.0000=+000 1.8000=+000 1.8000=2+000
4.715232-005 1.0930e4000 1.0930e+000 0.00002+4000 1.80002+4000 1.80002+000
* Ind of T-3pice output file 4.7251%2-005 1.0930e+000 1.0930e+000 0.0000e+000 1.8000e+000 1.S0002+000
4.74305e-005 1.0930e+4000 1.0830e+000 0.0000e+000 1.80002+000 1.8000=+000
4.77588e-005 1.0330e+4000 1.0330e+000 0.0000e+000 1.80002+000 1.8000=+000
Fig. 7. Power analyasisof current conveyer based sense amplier 1.53802-005  1.0990e4000 1.0930e+000 ©0.000DE+000 1.G000S+000  1.G0DOEG00
. : 4.55762-005 1.0929e+000 1.0930e+000 0.0000=+000 1.8000e+000 1.8000e+000
5.00000=-005 1.0929e+000 1.0930e+000 0.0000=+000 1.8000e+000 1.8000=+000

% BEGIN NON-GRAPHICAL DATA

Power Results
vl from time O to Se-005

awerage power consumed -> Z.0398538e-004 watts
Max power 9.179854e-004 at time 4.70005e-005
Min power 1.779651e-005 at time 7.00003=-006

-

END NOMW-GEAPHICAL DATL

Farsing
Setup

DC operating point
Trensient Enalysis

10 seconds
00 seconds
00 seconds
21 seconds

oooo

R

Total

o

.31 seconds

% End of T-Spiece output file

Fi

g. 11. Power analysis of bit line decoupled latch sense amplifier

Fig. 8. Waveform for alpha latch sense amplifier
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Fig. 1. Waveform for Read cIe only memory system

7 T.Spice - [Moduled] A&l
e Ec view Smuston Tabe Dtons Winow Hep -8
DEESR & B4

13 i

4.519371e-005 1.2705e4000 1.2705e+000
1.26862+000
1.2679+000
1,2678e+000
1.2680e4000
1,2681+000
1.2680e4000
1.2680e+000

1. 800024000
1,8000e400C
1.80002400C
1,8000e400C
1.80002400C
1,8000e400C
1.80002400C
1.8000400C

0.0000e+C03
000002403
0.0000e4C03
000002403
0.000024C03
000002403
0.000024C03
0.0000e+03

1. 800024000
1,8000e400C
1.80002400C
1,8000e400C
1.80002400C
1,8000e400C
1.80002400C
1.8000400C

~.5000e+C0]
~.8000e+C0]
-.8000e+C00
*,8000e+C0]
-.800084+C00
*,8000e+C0]
-.800084+C00
*.8000e+C0]

1.8000e+00
1.800024200
1.800084200
1,8000e+200
1.800064200
1,8000e+200
1.800064200
1.8000e+200

1.50C0=:
1,80C0z;
1.80C02;
1,80C0=;
1.80002
1,80C0=;
1.80002
1.80C0=;

000 1.
000 1.
000 1.
000 1
000 1.
000 1
000 1.
-000

1
4.523761e-005 1268684000
4.52320e-005  1.2€7384000
4,£3647e-005  1,2€73e4000
4.647:1e-005 1268204000
4.63052-005  1.2€81e4000
1.03462-008  1.2€80e4000
5.00000e-005  1.2€83e4000

* BECIN NON-GRAFHICAL DATL

Pover Results

%1 Zrow tine O to 5e-205

Iverege pover conswned - 1.02196%+001 vetts
Nex yower 5.995163¢-023 a: tive 4,000Z2-0C5
Fin pover 8.548767e-034 ac time 4. 50041=-C05

* ENL NON-GRAPHICAL DATH

* Parsing

* serup

* DC operasing point
* Trensien: Inalysie

0.27 seconés
0.04 seconss
0.01 seconés
0.51 seconss

0.73 secancs

* End of T-Spice ourput file

Fig. 13. Power analysisof read cycle only memory system

S000e+000  0.0000=+000
500024000  0.0000e4000
1.5000e+000  0.0000=+000
1.500024000 O.000024000
1.5000=4000  0.0000=+000

34000 0, = +000
000 0, 0000=+000
e+000 0, 000024000
. e+000 0,0000e4000 1,50002+000 0.00002+000
-D03  1.7745e+000  0,0000=4000 1.5000e+000 0,0000=+000
.05242-003 1,7745e+000 0.0D000e4000 1.500024000 0.0000e+000 2.6

5.00002-005

¥ BEGIN NON-GRAFHICAL DATR

Power Results

311289e-005 watts
fax po e 0 © time 4.50012-005
1in power 0,000000£4000 &t time O

£ END NON-GRAPHICAL DATA

£ Parzing

¢ End of T-Spice output file

Fig. 14. Clamped Bit Line Current Sense Amplifier

Fig. 15. Power analysis Clamped Bit Line Current Sense Amplifier

4, Conclusion

Sense amplifiers are one of the most vital circitsthe
margin of CMOS memories. Their performance infllesnc

both memory access time and overall
dissipation. The Current-Mode Sense Amplifier cedpWith
a simplified read-cycle-only memory system, hasabiity to
quickly amplify a small differential signal on tHgit-Lines
(BLs) and Data-Lines (DLs) to the full CMOS logievEl
without requiring a large input voltage swing. Tluisrrent-
mode Sense Amplifier having two levels of sensingesne,
helps reducing both power consumption and sensgigyd
imposed by the bit-lines and the data-lines on highsity

SRAM designs. This improves the sensing speed and

reliability of the previously published designs atdhe same
time reduces the power consumption to a consideraktent.
Thus it can be concluded that the existing SA & baited for
applications where low-voltage, low-power, high-agpeand
stability are of crucial design considerations. sTlgaper
mainly focuses on reducing the power dissipatiah @elay of
the sense amplifier circuit by using Clamped Bihd.iSense
Amplifier (CBLSA).
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