
OMP算法在 Gabor字典上对信号进行分解．
正交匹配追踪算法的主要思路是在每一次匹配

过程中,最后一次匹配得到的原子均需要与之前所

得原子进行正交化,从而使得所有被匹配到的原子

相互正交,构成正交基底,而通过再次迭代得到的原

子则属于该正交基底张成空间的补空间．
本文提出的改进的 OMP算法如表２所示,其

中,观测向量f ∈RN ,字典矩阵D ∈RN×M ,N 维

重构信号x 为输出结果．在算法的步骤３,与经典

OMP 算 法 不 同,由 于 构 成 核 脉 冲 信 号 f
︿(t)＝

∑
J

j＝１
αigj(t)的J 个原子的系数αi 需要保持一定比

例关系,目标函数 minα y－Dnα ２ 不再为凸函数,
不能直接使用经典的最小二乘优化方法求解,本文

采用遗传算法,通过少量的交叉、变异即可得到满意

精度的解．
算法２．２　改进的OMP算法

输入:稀疏字典矩阵 D,检测得到的核辐射脉冲向量y
稀疏度 K;
输出:α的稀疏逼近

︿
;

初始化:残差R０f＝y,索引集L０＝Æ,n ＝ １,D 由 K－
SVD学习得到;

迭代步骤１—步骤５:
步骤１:求出 Rn－１f和矩阵 D的每一列dj的最大内积对

应的脚标ln,

λn＝argmaxj＝１,􀆺,M ＜dj－１,Rn－１f＞ ;
步骤２:更新索引集Ln ＝ Ln－１ È{ln},记录找到的字典

矩阵中的重建原子集合

Dn ＝ [Dn－１,dλn];

　　步骤３:由遗传算法优化得到:

α
︿
in＝argminαi y－∑

N

i＝１
Dnαi

２;

步骤４:更新残差Rnf＝y－∑
N

i＝１
Dnα

︿i
n,n←n＋１;

步骤５:判断是否满足n＞ K,若满足,则停止迭代;若

不满足则返回步骤１．

３　实验与分析

实验部分分别采用本文算法、Kalman滤波方

法、平滑滤波方法对核脉冲信号进行处理,比较上述

三种方法的信号提取效果．利用 Matlab仿真产生１s
时间长度的核脉冲信号,采样频率为１KHz,分别利

用改进 OMP算法、Kalman滤波法、平滑滤波法对

仿真脉冲信号进行处理．在遗传优化过程中,交叉率

Pc和变异率Pm的大小对遗传算法的运行性能有较

大的影响,本文实验部分Pc取为０．５,Pm 取为０．０１,
种群大小取为２０．

图１为３种不同方法在核素脉冲仿真信号上的

提取结果,(a)为原始脉冲信号,(b)为 Kalman滤波

结果,(c)为平滑滤波算法结果,(d)为改进的 OMP
算法信号提取结果．对比(a)和(b)可知,Kalman滤

波法幅度误差较小,但是发生了明显的相位延迟;对
比(a)和(c)可知,经过平滑滤波后的信号幅度发生

了明显的削减;对比(a)和(d)可以看到,改进的

OMP算法既保持了信号的幅度信息,也保持了其

相位信息,具有较好的脉冲信号提取效果．

图１　Kalman滤波法、平滑滤波法、改进OMP算法对脉冲信号进行重构

Fig．１　PulsesignalreconstructionbyusingKalmanfiltering,smoothfilteringandimprovedOMPalgorithm
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图２对比了上述３种方法的信号重构效果,对
比可 知,Kalman 滤 波 法、平 滑 滤 波 法 和 改 进 的

OMP算法在噪声信号重构过程中,随着信号信噪

比的提升,重构误差都会减小．总体而言,平滑滤波

法的重构误差是３种方法中最大的,信号重构效果

最差,改进的 OMP算法在３种方法中表现最优,其
重构误差最小．从重构误差的角度而言,改进的

OMP算法在核脉冲信号提取中效果最好．

图２　三种重构方法误差对比

Fig．２　Comparisonoferrorsofthreereconstructionalgorithms

４　结论

本文采用稀疏表示模型对采集信号进行建模,
并设计了一种基于 KＧSVD的稀疏表示字典构建方

法,消除了探测器和噪声引起的和单脉冲信号表示

字典的差异．针对非凸目标函数的优化问题,采用遗

传算法改进了 OMP算法,并最终实现了微弱核辐

射脉冲信号的重构,仿真结果表明,本文方法在核脉

冲信号提取方面效果明显优于传统的 Kalman滤波

和平滑滤波法,具有较小的重构误差且无相位延迟．
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operationofstaticrandomaccessmemory(SRAM)．ContrarytotheconventionalcrossＧcoupled
SA,anNMOScrosscouplingamplifierisaddedasthesecondstageamplifierandthepullＧupand
pullＧdowncircuitsareaddedastheoutputcircuit．Theproposedstructurecanquicklyamplifythe
bitlinevoltagedifferencewithhighgain,improvethesensitivity,andensurethatthedataoutput
portoftheSRAM encountersnointerference whentheutility modelisnot working．The
simulationresultsshowthatthisdesignreduces９５％ ofthevoltagerequiredforthebitlinesto
guaranteethefullswingatoutputnodesandshortens８０％ofthesensingdelayforthesameinput
voltagedifferencecomparedwiththeconventionalSA．
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摘要:设计了一种应用于静态随机存储器(SRAM)读数据过程中的电压型灵敏放大器(SA)．与传统交叉耦

合结构SA 相比,增加了由 NMOS管构成的第二级交叉放大电路及由上拉和下拉电路组成的输出电路．改
进的结构能在快速而且高增益地放大位线上电压差的同时,改善灵敏度低的问题,确保了SRAM 在不工作

时数据输出端口的输出不受内部干扰．仿真结果表明,与传统结构相比,本设计减少了为确保输出节点全摆

幅而所需的９５％的位线上电压,同时在相同差分电压输入的情况下,响应时间减少了８０％．
关键词:灵敏放大器;交叉耦合;电压模型



０　Introduction
Staticrandomaccessmemory(SRAM)isone

ofthemostvitalcomponentsinverylargescale
integration (VLSI)． The memory periphery
circuitryofSRAM,suchastheinputbuffer,row
decoder,columndecoder,senseamplifier (SA),

memorycellandoutputbuffer,canseriouslyaffect
theoverallsystemperformanceintermsofpower
dissipation and speed[１Ｇ２]．The SA is used to
retrieve the data stored in the memory by
amplifyingthesmallvoltagebetweentwobitlines
(ΔVBL)toafullswingdatastate．Nowadays,the
SAhasbecomeoneofthebottlenecksforreading
accesstime,whichisanimportantperformance
parameterofSRAM[３Ｇ４]．

AsshowninFig．１,theconventionalcrossＧ
coupledSAhasseveraladvantagesincludinghigh
speedandsmallsiliconarea[５]．However,itisnot
verysuitableforSRAM becauseahighΔVBL is
requiredonthebitlines(BL,BLB)toguarantee
thefullswingatoutputnodes[６]．Inaddition,the
conventionalcrossedＧcoupled SA cannotachieve
thecompletelyfullswingatoutputnodesbecause
ithasatleastoneDCpathwhentheSAisinthe
sensemode[７]．Therefore,designinganSA with
better performance based on the conventional
crossＧcoupledoneishighlyvaluable．

Fig．１　ConventionalcrossＧcoupledSA

A numberofstudieshavebeendevotedto

decreasingthesensingdelayoftheSAinrecent
years[８Ｇ１１]．Ref．[８]proposedafullcurrentＧmode
SA,whosesensingdelayis０．３９ns．Butthefull
currentＧmodeSApowerconsumptionis０．２９mW,

whichisgreaterthantheconventionalSA．Ref．[９]

proposed an SA implemented in ０．１３ μm
technology,whosesensingdelayis１．９nswitha
powersupplyvoltageof１．２V．Ref．[１０]proposed
an SA implemented using a ６５ nm CMOS
technology process, whose sensing delay and
powerdissipationis２nsand０．０１８mW．Ref．[１１]

exhibits３９％ improvementinthesensingdelay
and６．５％improvementintheoffsetvoltageatthe
supplyvoltageof１．０ V whencomparedtothe
conventionalSA．However,thesensingdelayis
veryimportantinthehighspeedSRAM andyet
littleresearchhasbeendevotedtodecreasingthe
sensingdelayasmuchaspossible．

Thispaperwilldescribethedesigncontaining
twocrossＧcoupled NMOSandtwocrossＧcoupled
PMOStransistors,whichdecreases８０％ ofthe
sensingdelaycomparedtotheconventionalSA．In
thispaper,weproposea modifiedcrossＧcoupled
SA withasmallerΔVBLmin (the minimum ΔVBL

requiredforthefullswingofoutputsignals)anda
shortersensingdelaytimeforSRAM．Thecircuit
structureandoperationprocessoftheproposedSA
arediscussedindetailinSection１．Thesimulation
resultsbasedonanSMIC０．１３μmCMOSprocess
areanalyzedinSection２,andabriefconclusionis
drawninSection３．

１　ProposedSA
１．１　DescriptionoftheproposedSA

Fig．２showsthecircuitsoftheproposedSA,

includingthe PMOS crossＧcoupled circuit,the
NMOScrossＧcoupledcircuit,thepreＧchargingand
balancecircuit,andtheoutputcircuit．ThePMOS
circuit includes two crossＧcoupled PMOS
transistors．TheNMOScircuitincludestwocrossＧ
coupled NMOS transistors．The PMOS crossＧ
coupledcircuitisactivatedfirsttoamplifythe
smallsensesignalBLandBLB,andtheNMOS
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crossＧcoupledcircuitshiftssignalsfromthePMOS
crossＧcoupledcircuitclosertothelogicsignals．
ThepreＧchargingand balancecircuitincludes６
PMOStransistors,inchargeofpullingupand
balancingvoltagesofthetwolevelsofamplifier

outputportsto VDDandcuttingofftheoutput
pathway． The output circuit converts the
differentialsignalsintoasinglesignalanddrives
thepoststagedigitalcircuit．

Fig．２　CircuitoftheproposedcrossＧcoupledSA

１．２　OperationoftheproposedSA
ThepreＧchargingandevaluationphaseofthe

circuitoperationaredescribedasfollows．
InthepreＧchargingphase,thesensingsignal

(SAEN)islow,sothetransistorsN５andN８are
inthecutＧoffregion．Theoutputnodes(K４)and
GNDareisolated,thusnocurrentflowsfromthe
bitlinestotheoutputnodes．ThesixpreＧcharging
transistorsP１ＧP６chargeandbalancetheoutput
nodes(OUT,OUTB,K１andK３)toVDD,sothe
outputpathwayiscutofftoensurethattheoutput
signalsoftheSRAMarecorrectduringidletime．

Intheevaluationphase,thesensingsignal
(SAEN)ishigh,andΔVBLisgreaterthanorequal
to ΔVBLmin．Thenthe preＧcharging and balance
circuitstopsworking,andthetwoＧlevelamplifier
circuitbeginstowork．Whenthevoltageofthebit
line (BL orBLB)issampledsuccessfullyand
amplified by the first PMOS crossＧcoupled
amplifiercircuit,the signals (OUT, OUTB)

propagatetothesecondstageoftheamplifier
circuitandareamplifiedagain．ForthetwoPMOS

transistors,P９andP１０,oneisturnedonbecause
ofthelowvoltageandtheotheriscutＧoffdueto
thehighvoltage．Inthispaper,P９isassumedto
beturnedon,soP１０iscutoff．WhenP９isturned
on,asthesourceisconnectedtothepowersupply
VDD,thedrainK１ispulledup．TheN３transistor
isturnedonanditssourceK３ispulleddowntothe
logic０,sincetheN５transistoristurnedonand
theP１０transistoriscutoffatthesametime．
Meanwhile,theN６transistoriscutoff,thedropＧ
downpathofK１iscutoff,andthecircuitonly
retainsthepullＧuppathfortheK１port,sotheK１
portispulled upto VDD by P９．Finally,the
voltagesattheK１portandK３portcanbecloser
tologic１and０thantheoutputvoltagesofthefirst
PMOS crossＧcoupled amplifiercircuit (OUTB,

OUT),respectively．
１．３　AnalysisoftheproposedSA

Intheevaluationphase,theproposedSAonly
needsoneofthetwoPMOStransistors (P９and
P１０)inthesaturationstateandtheotherinthe
cutＧoffstate．This meansthataslong asthe
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voltagebetweentheoutputnode(OUTorOUTB)

andVDDisclosetothethresholdvoltageofP９or
P１０,theproposedSAcanamplifythesmallinput
signalstoacompletelyfullswingdatastate．Sothe
demandfor ΔVBL isreduced compared to the
conventionalstructure,meaningthatthelesstime
requiredtoenablethe wordline．Thiscan be
understoodbythefollowingsimpleequation:

T ≅
CL ×ΔVBL

ID
(１)

where T isthe timeforthe bitlines being
completely discharged,CL is the capacitance
loadedonthedifferentiallines,andID isthe
currentflowfrombitlines．Whenotherparameters
donotchangeandΔVBL decreases,Tisreduced,

andthesensingspeedincreases．Thesimulation
resultsarepresentedinthenextsection．

２　Simulationresultsandcomparison
ThesimulationsarebasedonaSMIC０．１３μm

CMOS process．The simulation typical corner
worksat２７ ℃ and１．２Vpowervoltageanduses
typicalmodels．Thesimulationslowcornerworks
at１２５℃and１．０８Vpowervoltageandusesslow
models,andthesimulationfastcornerworksat－
４５ ℃ and１．３２ V powervoltageandusesfast
models．Thetwo０．５pFcapacitancesareloadedon
boththebitlinesrespectively．Theoutputloading
oftheSAisacoupleofinverters．Thesensing
controlsignalisindicatedbySAEN．NOUTand
NOUTBaretheoutputvoltagesoftheproposed
SA,and COUT and COUTB are the output
voltagesoftheconventionalSA．VBLandVBLB
arevoltagesofthetwobitlines,respectively．

Under the above described simulation
conditions,the output voltages of both the
proposedandconventionalSAswithdifferentΔVBL

areshowninFig．３．WhenVBLiskeptat１．２Vand
VBLB increases gradually,the ΔVBL decreases
obviously．Wecanfindthattheoutputvoltagesof
theconventionalSAarekeptawayfromthelogic１
and０graduallywithdecreasingΔVBL．However,

theoutputvoltagesoftheproposedSA (NOUTB,

Fig．３　Outputvoltagesofboththeproposed
andconventionalSAswithdifferentΔVBL

NOUT)arekeptaround１．２Vand０Vevenwhenthe
ΔVBLisreducedto０．０３V．Atthesamestate,COUT
andCOUTBare０．８９９５Vand０．３０９２V,respectively．
TheΔVBLmin oftheproposedSAisreducedby９５％
comparedwiththeconventionalone．

Fig．４showsthesimulationwaveformsofboth
theproposedandconventionalSAswithdifferent
ΔVBL．TheΔVBLchangesfrom７００mVto１００mV
fortypicalcorners．AsshowninFig．４,thesensing
delayofboththeproposedandconventionalSAs
are０．６８nsand１．５ns,respectively．Thesensing
delayofthe proposed SA isreduced by ８０％
comparedwiththeconventionalone．

The comparison results of average power
current, indicative of the average power
consumptionofboththeproposedandconventional
SAsfortypicalcornersareshowninFig．５．The
simulation results show that average power
consumptionofboththeproposedandconventional
SAsare０．０７２ mW and０．０２４ mW,respectively．
TheconventionalSAexhibitslesspowercurrent
thantheproposedonewiththesameΔVBLbecause
thereisanadditionalDCpathintheproposedSA
attheevaluationphase．However,thereducedbitＧ
lineswingcansavethewholeSRAMenergy．When
theΔVBLislessthanabout６０mV,theincreasing
speedofaveragepowercurrentisfaster．Thusthe
suitableΔVBLminfortheproposedSAis６０ mV,

thereisanadditionalDCpathintheproposedSA
attheevaluationphase．However,thereducedbitＧ
lineswingcansavethewholeSRAMenergy．When

９９６第９期 AhighＧspeedvoltageＧmodesenseamplifierforSRAM



Fig．４　Simulationwaveformsofboththeproposed(a)

andconventionalSAs(b)withdifferentΔVBL

theΔVBLislessthanabout６０mV,theincreasing
speedofaveragepowercurrentisfaster．Thusthe
suitableΔVBLminfortheproposedSAis６０mV．

Fig．６(a)showsthepowercurrentsimulation

Fig．５　Powercurrentofboththeproposedand
conventionalSAswithdifferentΔVBL

waveformsoftheproposedSAfortypical,fastand
slowcornerswhenΔVBL ＝１００ mV．Fig．６ (b),
(c), (d)show the outputvoltagesimulation
waveformsoftheproposedandconventionalSAs
fortypical,fastandslowcornerswhenΔVBL＝１００
mV,respectively．Theresultsindicatethatthe
proposed SA can work normally atthethree
corners．Forthefastcorner,thepowercurrentis
greaterthanthatofthetypicalcornerby１５０μA
andthespeedisfasterthanthatofthetypical
cornerby０．２ns．Forthetypicalcorner,thepower
currentis１２０μA greaterthanthatoftheslow
cornerby１２０μAandthespeedisfasterthanthat
oftheslowcornerby０．８ns．

Fig．６　(a)PowercurrentoftheproposedSAforSS,TTandFFPVTcorners,theoutputvoltagesof
boththeproposedandconventionalSAsfor(b)TT,(c)FF,and(d)SSPVTcorners
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