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BI TLI NE LEVEL | NSENSI Tl VE SENSE AMPLI FI ER '

. BACKGROUND OF THE | NVENTI ON A. Field of the | nvent i on Thi s
i nventi on relates to sense anplifiers and, nore particularly, to
differential sense anplifiers used in conj unction with nenory circuits.
B. Description of the Prior Art -i-1n nmenmory circuits, the nenory
cells are commonly organi zed into rows and coI umms. W)r dI ines are

general ly associ ated w :

general ly associated wth. ese nenory
circuits are comonly inpl emex{rgﬁcﬁ BQUND%EH%VE i?f"ary pairs of bitlines
as i nput/ out putA.pFleid of the inventiorr y cells. During a typical rrermry
e mea PPLOP i Anbh T 16isense BRIPIHGH 450 MBI baRIRINY, |

sel ected and the co I nes nnec 0 a orresp d| ng
col um of nenoty differentialsanse-awplfiers used igmenjunation:with yeely. cinguits.

conpl enentary Iy t be88fptirfofthePrhdragct ed to a sense arrpl i fier which
differentially sens?s smal | si gnal g_ll n the bitlines eternne the

- then existing | ogic B MQMORLAICHITSe ory; ¢Rlls rﬁ!ﬁ(ﬁ%mm‘mﬁfc%rglamz?ﬁe sense
anplifier thenjgeronstasd solummns. i Wm'dhmsyatd generallg @ssociatechwith rowsefsed

orior art sensdheighfousaidBilifed Al BEHRIRYlY assoblei6d/ith comps of  T°
current nirror memoty celfls.i These memeogy cirauils are qonymeslylimplemented usingense

amplifier 121 f I :
S['pnpl oity. geﬁxr@ﬁen@gtﬂa% &smegrlé%ate meombafpengmm flomory el a ive

I Ncreasli n
density of rrenﬁP ®s| ‘-!M"@ea ﬁmwapﬁﬁﬁ%g eﬁ?&’?ﬁa g&ﬁ%@ﬁne f°"%upp| y
noi se, conditi cpaﬂsdxﬂarwwof merhoryeis Seleotpd iandethe coMplementarydiitines

I d
con] unct | an i CHABEFSS to.q cqmaspondiny Sollm of fiemary, ?féﬁ'%ﬁd’%@%}% besi gned
to operate witIspacificrmamory callt The caraplempntary bitfines argra so\cgnwteqmto

associated wth Wamhéf Wﬂfchléifel'éntlall s*ehébs 'shél%élghals?m&héfbﬂnﬁéét ion
del ay dependence on cq tlines 113 and 115

evels |
when the startt QqugeltRettMGX's"'"gg‘PQ'F%ﬁ%@ "@“ﬁa iR the start
vol tage and appeflacthe/Séhse anpiifiectheérogendrates asampiified signa! voI tages

' nclude pover  yBRlcYnfiR tfe 88flsed logic state to the next stage in the memory
circuit.

One prior art sense amplifier tradltlonally used in memory circuits
is the current mirror sense amplifier 121 as shown in Figure 1. Use of

- sense amplifier 121 has been popular because of its static behavior,
relative simplicity, and small size. However, with the increasing speed
and density of memories, wide power supply ranges, and high power
supply noise, conditions for prior art sense amplifiers 121 have become
increasingly demanding.

The bitlines 113 and 115 used in conjunction with prior art sense
amplifier 121 of Figure 1 are designed to operate with a nominal start
voitage of VCC - VTN. A problem asSociated with sense amplifier 121 is
that it exhibits a propagation delay dependence on common mode
voltage levels in bitlines 113 and 115 when the start voltages in these
bitlines rise above the nominal start voltage and approach VCC.
Causes for the rises in bitline voltages include power supply noise and
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subt hr eshol gﬁgg‘rvrlsesr?tss in the bitlines. The abnornmally high bi '[Pﬁr’r?esgsg% art ’

vol tages result in increased propagation delays at the output of prior
sense anplifier 121 because of the increased tine required for

I nternedi ate sense anp output 119 to settle. This propagation delay is
commonly referred to as high bitline |evel delay push-out and is a well-
known phenonenon. Menory circuits begin te2exhibit functional failures

as push-delay tinmes increase. Thus, mnimzed push-out del ays resul.ting

from high bitl Iﬂﬂotﬁreyﬁold/eutragsanhe bﬁﬂm@@gﬂhedélﬁidrﬁﬂall h|gh bitline start

T2 L onal, o1 Ui, K oot bReBMER s B syt oAb

circuitry to | |s9nsesampl1fmshz)1 becamseaot the imreasaebﬁmeg'equined fort | i nes.
These sol uti ons; Ffr d?%ﬁa “q?ﬁﬁut“hé)gf?étﬁ? Glfmé’gk%a{rddﬁoh%la%us

ef fecti veness or

n cos

per f or mance. Ascqnmx fe 3 eddeiash @&9%@‘!@&9{'@ Rpush-out aad is@ well-

desi gned t o harkhown bheasinenoni ﬂﬁe?ﬁmﬂifs begirCieosxibie fenclinal failures
8

?f“‘ébﬁﬁi‘%ﬂ&@é@m@% fiRes THcHoals, Byl Hinihitbad nush-out cateys | e

difference in vesuliipg fremvhigh bitline start woltageseareostrangiy desiredi rcuit is
described. The anpl "f'l‘a‘?!‘thda?bﬁﬂﬁﬁﬁ desl%riﬂr%ftﬁb%téb&ﬂrfeémé bl]lﬁﬁ | ch

generat es an O(li?}'pg '(aga responsi ve i fferential
anplifier is coRieplamitciyde adding,dedicatesicirguitry to seduce Bﬂ'setﬂﬁ)wﬁﬂeﬁsl stors
are connect ed iaxidiag ircaitryvtotlimit Babime@hdld cvfients tha&rpileéﬁargbemdlb‘utilﬁé@nt i al

Bitlines and ¢ hﬂ%% B35 B 1y B LELBR Tl Bocayad SRR, o 5%,

the other one cdffadtiveness onbigh dusion costia regard to tlmleapswer,oamacwpl ed in

paral | el _acros m{aoa@@ 35 9560 iy oy IR Skt Shp o7
iansr

I ncreased i ITTTU vated conmon I.n the

bitlines. Wen FT‘?' HhgIeXE-time nacessary to\,ggqoggpo atadelay present
in a bitline, téssociatedswitmhighbitiinerievel delay pushemsties active to hel p

mai ntai n voltage | evels, which would ot herw se drop, at the
differential anplifier. Thus, the disclosed sense anplifier has
i ncreased insensitivity to abnok. nSUMﬂNﬂYg}FTHEMgUTIOﬂ/eI s on the
bitlines. An amplifier for sensing the difference in voltage between two

bitlines of a memory circuit is described. The amplifier includes a
differential amplifier which generates an output signal responsive to the
bitlines. The differential amplifier is coupled to VCC through a load. In

~ addition 'two transistors are connected in parallel with the load to VGG
and to the differential amplifier. The gate of one of the transistors is
coupled to one of the bitlines and the gate of the other one of the
transistors is coupled to the other one of the bntlm_es With these two
transistors coupled in parallel across the load as described, the

 differential amplifier has increased immunity to elevated common mode
voltage levels in the bitlines. When an-abnormally high common mode
voltage level is present in a bitline, the corresponding transistor
becomes active to help maintain voltage levels, which would otherwise
drop, at the differential amplifier. Thus, the dssctosed sense amplifier
has increased insensitivity to abnormally high voltage levels on the
bitlines.
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|11.BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is an electrica
schematic illustrating the prior art current mrror sense anplifier.
Figure 2 is an electrical schematic illustrating the presently

preferred enbodi nent of the invented bitline |level insensitive sense
anplifier. Figure 3 is plot ill-Bstrating the relationships of
delay tinme and bitline start voltage in the prior art sense anplifier
and the presently . preferred enbodi nent . " Figure 4 is an

additional plot illustrating, the relationships of delay: time and
bitline start voltage in thg‘lpgﬁwe‘hﬁﬁc@ﬁﬁgé'%rﬂﬁ@ﬁéwy% t he
presently preferred FEigurdiinigdn electrical schematic illustrating the prior ¥t cuskedl LED

DESCRI PTI ON . L.ng anplifier for sensing the difference
bet ween bit | i neMor F%Q% éﬁﬂﬂﬁ'gp’mmry circuit is described. In the

fol I owi ng descri pti offigure 2 isuan elastricgl schematicdiiustratingrtbepreséntivt h i n or der
to provide at hgm&&ﬁa embbrgi rit (o1 1Hb ey eé\ﬂ'%?ﬂﬁé ‘féfé?'tinéé?l‘éﬂﬂ;e: %},Csé—bv\ever,

the present inv ntl,?,n y be practiced- out these spec details.
In ot her instanBEPlifighe details of well-known circuitry are not shown

here in order not toFigure@iscplotillubrativg tentelatiorsmpoof dolagaimeandl y.

Aol 111 er i roubtine St ortae' HpBiddelr it ol ATBIRELEAE Ing BRREAY o1 our ce
coulp! ?d pai r trﬁrafesredrmhodimm. 103. The inputs to the differential

Goner at ad by the. mene g Y issuY aBlitionBFpioFNilislriling i REfShaibSfer by

nodes 129 and 1H87Me ahRDitipestasiyeitageiploe riias as sonse amplfigrang the, of f

one of the two prabentipfpreterrat éfmbodivheat. anplifier to latch/driver -
circuitry 133. Latch/driver circuitry 133 latches internedi ate sense anp
out put 119 and generates sense anp output 135. The differenti al
anplifier is connected to VCC t hA¥uQIETM-ERIDESRRIPHI®MN current nirror

?OntSihSti ng of trans%%ﬁri%iﬁ%ﬁn?ﬁ?gi%&e% tHe 6i'ti‘f§Pédéﬂ béWRen bifiine' S f

e o “OMevelsin a metnory circult i8 dbsciibed. I the following description, © ©
numerous specific details are set forth in order to provide a thorough
understanding of the present invention. waever; the present invention
may be practiced without these specific details. In other instances, the
details of well-known circuitry are not shown here in order not to
obscure the present invention unnecessarily.

Referring first to Figure 1, the prior art current mirror sense
amplifier circuit is includes a differential amplifier, comprised of source
coupled pair transistors 101 and 103. The inputs to the differential
amplifier are the complementary bitiines BITLINE 113 and BITLINE 115
generated by the memory circuit. - The differential amplifier has two
nodes 129 and 131, and intermediate sense amp output 119 is drawn
off one of the two nodes of the differential amplifier to latch/driver
circuitry 133. Latch/driver circuitry 133 latches intermediate sense amp
output 119 and generates sense amp output 135. The differential
amplifier is connected to VCC through an active load current mirror
consisting of transistors 105 and 107. The differential amplifier is further
connected to ground through a current source consisting of transistor
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Finally, thgaﬁwlg?sart sense anplifier is activated with senslécr%m?m )
enable line 1 17 which is coupled to transistor 109 and transistor 1 1 1.
Transistor 111 is connected between the two nodes 129 and 131 to :
equalize the voltage | evels between the two nodes while the prior art

sense anplifier is disabled. Typical ly, when sense anp enabl e
line 117 is initially activated, ther¢-is only a 100 nV difference
between BITLINE 1 13 and BI TLI NE .115. Thereafter, the potenti al

d. ff b t . . . H . o i .
i fference bet wpen KiRgily, WRe 'Pribt aRtSense ark: Ii‘ﬁérﬂ#%‘éﬂ{r;éleéﬂlvlg? %Erlrﬁz Sf%nf% i me

Und | cond . BITLINE 113 Ts o 1'ar is "o,
the-out put of SBAbIS (e, 1 veich is cquriepdo transiar, 149 ARCNERNSISOT 4 110 and

Bl TLI NE 113}n | s Transistoe 1ddtis connected betwesa thejtwofnadesl 29 'aad"1(31.ﬂon| a |
si tuation wher t r.a, relative
| ong peri od of %fll}"gtﬁsz,éﬁ?_ej%/@ﬁlgge‘? H&Wg\?él @.‘W%ﬁ@ﬁé@ﬁ&%?ﬁu NE 11%
tend to drift Seose@mplifiendsdisabled. start voltage of VCC - VIN to VCC :
bec.a:Jse of SUbthresﬂ?PiéaW.rWﬁléh%dngg amptdhgglﬁ lihé ﬁ‘??;is{irﬁlﬁé_‘ﬂ&ﬁ%&ﬁ@ed 0we|r
ohmi i b gh: dubtar s ophka 19Rnd FSiance betwgep BITEWE wtarend BIERE o T ons.
ItOL i-or ?r{ _ selnseH_SrrpTriéréaiterﬂ,zﬂe potential difference betweemtieuiwobitings because of
e relative ge . ko pes 113200
Speci fical |y, yﬁﬁ‘éﬁ“ﬁ@?ﬁ‘?@*’ég’%& tithe, .UP.BEI}’ hkgﬁaﬁ.&s&'ﬁ'ﬁ%'@iﬂ ed with
an active si gnﬁrrbmfﬁ hE3de Tk anthBIHINE 215 is0"1the output absenseaamplifier hi gh-
ond 131 to dr op2 G PlT e BITRINE 11318 "0n Ak BITEINE 315101, 6itont % e
di p bel ow t he BF Fﬁ"%ﬁﬂfp%gﬁr ?g{ﬁ%gﬁ& 'Qtaaﬁ'gf§|°é‘t‘@ﬁ?@r‘m9§)s§9°f£9$t ry 133?/
and produce er nemonsismot accessed foreereiatively iong pdritd of'time, the voltage t
extra push-out  dehay, BHGIYNES £55hd 'BIT i.N'EQI1t5'1‘3nﬁ3f3t0‘?mftr&nqb&‘3‘tﬂominalt he

vol tage |l evel s'T0 recover, and se{“?l e !'O-assur-e accurate outp

An addi tional St veltage.ef ¥ECor VEN -@rYQm%Mfiﬂmreiﬁq‘di aurrents ghser ved
e S e o .13
are electrical I\@ég m@g&ﬂ@‘%{\?ﬂﬁﬁgﬁeﬁgg% i% :P'?Q.thé'.‘ﬂe ‘§§%§393‘a’?‘ie]é’s'3| tﬁe bot h
nodes 129 and bRlings.eWithethiese gednditionsg(CprioraRk sense amplifier 12dmayeshol d
currents that bogurh§'ettiibols Blipct BEcaut8oraRd réffively' AIGR start voitage in
bitines 113 and 115. o o
Specifically, when prior art sense amplifier 121 is first enabled
with an active signal on the sense amp enable line 117, the abnormally
high bitline voltage levels may cause the voltage levels at both nodes
129 and 131 to drop. Correspondingly, intermediate sense amp output
119 may dip below the trip point of the next stage, -Iat¢h/dﬁver circuitry
133, and produce errd_neous output at sense amp output 1 35. Asa
result, extra push-_out delay must be desighed into the system to allow
the voltage levels to recover and settle to assure accurate output.
An additional shortcoming of prior art sense amplifier 121 is
observed at nodes 129 and 131. -While prior art sense amplifier 121 is
disabled with a disable signal on’ sense amp enable line 117, nodes
129 and 131 are electrically connected through transistor 111. As a
resutt, both nodes 129 and 131 are precharged to VCC - VTP through
subthreshold currents that fiow through transistors 105 and 107. Since
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subt hreshol d currents that fIOM/through transistors 105 and 107 are
relatively small and particularly susceptible to wi de variance in noisy
environments, the start voltages at nodes 129 and 131 are
correspondingly difficult to predict accurately when the sense anp

enable line 117 is activated.- Re§-erring now to Figure 2, the
presently preferred enbodi ment of a bitli ne i nsensitive sense anplifier
221 is illust rﬁh@%ub?ﬁ@sﬁb@&ﬂi’éh‘ts that 6wt bg?'l‘és ?&\?' 10eare®.
differenti al conpri sed

| er
of two pass de{?je@ye?%SG\a@@%ﬁBﬂmﬁHPar&s Pt' béﬂa‘ﬂ | Varaiee; 18:eY 201 and
203. | nputs to ehvifommeritsdheostattivioltages at nodesi29tand 130karend 203 are the

Chon BT e 2 ReTesbShaingly Wi 1o prefidoeyrdlohwhbn e sBRfe dnls 1. 07>
Whien BI TLI NE 21enabie line 117 issactivated.” 0", BI TLI NE 215 has a val ue of " 1". I n
general , the noni nal nefemﬁg%ww.baaeez He ﬁ'ésbhwgr@féﬁear&v@é&er i 1 he

approxi mat el y

or, a ense
di fferential arﬂ)cglwn%msﬁ's'twe W@WPV% é31e§sr [!'@t@ﬁge prasestly 221 has
two nodes 229 prefétfed embodiment includesea aiftorentialamplifier) ke p hm:lhrt219 to the

rent ta0e, 1 S ol 18 S SN o Sy A R

cor r espondi ngl walammﬂehvansmqratzmm a03. slepuie tadifferentiak amplifiernd

generates sensqp, ﬁﬁs@%é 01 and 2@335!'3 W gagu blﬂﬁfgg frthl‘n%aHls al so
S

connected to VCC thro i@ﬁﬁéﬂ" r\&gg %{%2@'&% sa consi sts

of two pass dewe&w
connected to gwamlofM'QMLmEmsmavaluemﬂ“O’e Wheh BITUINEd 1 3hasas

devi h Sy I
et oot e it n VBlug bFAP BIPINE 315 854 Dhiue of ;367 e?éﬁ%ﬂng‘éd‘ﬁﬁﬁ s
devi ces 209 ancﬁ@ﬁl’ouﬁﬁeﬂﬁébﬂk@%%aﬁﬁnd 215)8@‘%99@6"’@%@66 e6ht Tphss devi ce
211 is a p-channel tLlﬁ@?rﬁ' hsédééeam llflﬂ’r‘l?f tﬁétdlmﬁﬁalaﬂ’ﬂ hﬁéledf 121, |

transistor 211 is conne

LonTi 26t haty Sresealy Balege me@mn@'qr@ has ﬂ@ai@dﬁﬁ.a@ 231 s oent
sense anpl i fi eraritthe intemrediatedsense amp outpltr 21ty thecmea stage I dawr221

e < or o' 55 496 ol Bibeg i noced Y e GrofdHIR Ao & EAIEMNer o, 1
i s connect ed i reifchitey 238. datetydriver circuitry correspondingly latches the
: intermediate sense amp output 219 and generates sense amp output
235. The differential amplifier is also connected to VCC through an
active load current mirror which consists of two pass devices, p-channel
transistors 205 and 207, and is connected to ground through a current
source consisting of a pass device, n-channel transistor 209. Present
sense amplifier 221 is also activated with sense amp enable line 217
. which is coupled to pass devices 209 and 211. In the presently
" preferred embodiment, pass device 211 is a p-channel transistor. Like
- prior art sense amplifier 121, transistor 211 is connected between the
two nodes 229 and 231 to equalize the voltage levels between the two
nodes while the present sense amplifier 221 is disabled.
Present sense amplifier 221 includes three additional pass
devices, common mode n-channel transistors 223 and 225, and p-
channel transistor 227. Transistor 223 is connected in paraliel across
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| oad current mrror between VCC and node 229. Transi stor 225 is

connected in parallel across the active load current mrror bet ween VCC
and node 231. Transistor 223 is responsive to BITLI NE 215 and transi stor
225 is responsive to BITLINE 213. Transistor 227 is coupled to VCC and
node 229, and is responsive to sense anp abl e line 217.

Under normal operating conditions, voltagé@levels in bitlines 213 ' and

215 are usual |y below the turn on vol tages of n-channel transistors 223

“and 225. Thus, th@MY%ﬂQﬁ%Cﬂf!QmamfmmmVﬁetaﬂdanadeaaaveTrHOSIstoreffect

| | |
EPTE?rNEBZIZGQﬁE n?@ﬁtgﬁﬁ gl aé'r‘B’é@Yﬁé H@ &m’éﬁ%l or | €Ve S ' n
det ri nent al B?'FW I8 '93p°'?$‘é?|§9 E223
and/ or 225 beccztsamtransmcami |eg’es oﬁeleeedﬂlﬂlmata Mrahsiswor e27tisge

2t nodes 226 a g8 BIF B S#%véﬁ?’d?%gﬁ% | asoPnsie fo Behse srld Bkl “3rc

of the di ffererlmeam?otrrpl ifier from coI | apsi ng below the trip poi nt of
the next stage, |at ‘Urédﬁr' FnéI' dc&ﬁ&itn RENrdita sdJ‘l%vaseiﬁ%l{hbbs 213

preferred sense es |ncrease I’nsensit v

vol tage |evels agﬁ&?{ "%!\'F'l‘%' B%'H“bme wen 9p valigges &l ﬂ'ﬁh#ﬂ%ﬁrﬂ‘ﬁlﬁ%@nse

grzrgl 13 1;] :j er2 3i2llsm38eﬂd>ze5ha'h¢sl trapsistors 23 and 226 @arerinadtivesarid heveghgggggsanp
enabl e |ine 21§W9Pt5bﬁl§?mal SPOSY 8\'733%1‘7 Hcg'aé‘ﬁa"g %ggﬁ '%gﬁf
presently pref éﬁ‘f%ﬁi"‘s@ﬁ@dNE 2 ﬂq‘qfeé'TQ-ﬂiE%ﬁ dﬂf&&q\sa&veoiuandct pul | - up (
to precharge n t?d%detnﬁ%:t&loef%oﬁss { &1 &VWMQH or art

sense anplifie nod wer e . pr.echar e rough
subt hr eshol d cyﬁné lé% ani’/a qugt"éﬁlé '"Qﬁ‘( nd8erefpre: Aondi ng

nodes 2 \%ﬁ ?nd bilinevoltage tevels iicrdase, tréHsistbro228 dnda?es terl to2Maintaini ch i s
P echar ged to. e Jpagdl'BL houes ﬁé%ﬁ@fénﬁ@?&%ﬂ?ﬁ&ﬁ%ﬁ?ﬁ%@%uﬁ orparts
in prior art ampostpu2IBiofithe differential amplifier trorgmoibpsmmelowahe tpp ots of
si nul ati ons whingihtly1 ke BRI stags, Ia?ch/dn%?cﬁﬂrﬁégsvﬂerfe\é t ¥ ed
performance of 't resent nbaodi nent over -t rior art
sense anplifiePr® Pﬁoeph%e":ﬁer%mg[ qee)rn{ea?qrﬁg '“cream dsensiily to |Re
PCT/ US95/ 15029 voltage levels and the extra push-out delay required in prior art sense .
: amplifier 121 to allow the voltage levels to recover and settle at nodes
229 and 231 is minimized.
Transrstor 227, responsive to sense amp enable line 217, further
improves pertormance and reliability of presently preferred sense
amplifier 221 as it acts as a direct pull-up to precharge nodes 229 and
231 to VCC. As stated previously, prior art sense amplifier nodes 129
and 131 were precharged to VCC through subthreshold currents in
transistors 105 and 107. Since corresponding nodes 229 and 231 are
connected to VCC through transistor 227, which is active while sense
' amplifier 221 is not enabled nodes 229 and 231 are precharged to
- VCC in less time and more reliably than thelr counterparts in prior art
sense amplifier 121. _
. Figures 3 and 4 are plots of slmulatlons which have been run to
compare and verify the improved performance of the presently preferred
embodiment over the prior art sense amplifier. In the simulations, the



-7- delay tines were neasured in nanoseconds fromthe sens nabl e
line 217 fo Y%e”é‘éﬁée anp output 235 in relation to bitline stpﬁfﬁ%ﬁo&ﬁe
| evel s. Data was recorded for the delay tines of, lowto high output
transitions and high to |l ow output transitions for both prior art sense
anplifier 121 and presently preferred sense anplifier 221. In Figure 3,
the sinulation was run with the operating paraneters of VCC equal to

2.7 volts and a tenperature of: 1200 C. In.figure 4, -the sinulation was
run with the operating paraneters of VCC equal to 3.6 volts and a
tenperature of ; : ' ' | GHLT w
that the pr esen??@y t'me% p"{ﬁ"g rnr‘%%éhsrgﬁgﬁ nz?hsglé?é%#g]_ﬁg@' ?‘lr_éqﬁna% e%“g éndthé

i nsensitivity tbn@g2l7itadhesgnse amp gutnul #35) invelatiofiie bitlinestartNolirge, it s

pri?L art coun}g RiVeR, t Datd'whs J8&6rdad for theddélhay Hithes 6f low/dl highutp@r € tested
I n e range o

2.00 volts to 3.00 volts. . At it t vol t f
500 vol t i ¢ ahSHoBs Ao Hidato v SEivE teansitiss Br Bol gSs Sh3ense a | o ¢ o
hi gh transiti onamplifier12t iand presesthnpreferrpd isense ampiifier 221 erin&Figure 3,
ds. W ; | i | t
h e ansti i ot pHILIBASH Was nintif fe EPerling Darihieters ¥ Vo exif o oW 10
Referring now t 8-/ YeQjts and a temperaiure of 188¢Ci dudTiguiget dhe simulgtioawas t he

range of 2.80 taurfwith theldperatiny paraniestere6nVEe ehealitbBBoltslanda a bitline
start voltage of 4.00. vol t@r‘,éhe propagation delay tine of a lowto

high transiti oan'Hp?rﬁg'"ﬁrq Tt sense anplifier is over 2.5 nanoseconds
whereas the | ow to hirgeach simulatiom, Figures3 andstshow thattherpredently

embodi ment with gPefgi*rIeh I93fisd tﬁﬁﬁliﬁéff'ﬁa%%c@asédQﬂsé/r@iﬁ\ﬁty%sbi{h‘fﬁsstéﬁa“ a
mere 0.7 'nanosectonds. hus, a sensing anplrfier Tor _sensing the
di f f erence bet wéeitage levgls whae compared withits,prier gt couptarpaits la&igurenbd. The

deg cri bf? S enls ebitlline Stap \{cdltiaggs!vﬁertﬁf'!lé%tqréhé Yaﬂlg‘éa GﬂE.HOi \)&tslttet:’{lPG h}gﬁ@.mT?R
ffects of  pushAbabitine syar vorags of 368 yots” His GbseR eckiBabineLipasalien: | o
has been descri delyitime ef adow to high irapsitibarin ¢hie ribpdrtreanse amplifidrlis be
CPoRe LR i e qudnd2ihosecoffie, WIF e Besily premiel SiBodibt, B 100 O
the present i nvé@nedaw to high transition exhibited a dgelay of less than 1.4

nanoseconds. Referring now to Figure 4, bitline voltage levels were

tested in the range of 2.80 to 4.00 volts. As can be seen in the figure, at

" a bitline start voitage of 4.00 volts, the propagation delay time of a low to

high transition in the prior art sense amplifier is over 2.5 nanoseconds

whereas the low to high transition in the presently préfe‘rred

embodiment with a bitline start voltage of 4.00 volts was less than a

mere 0.7 nanoseconds.

Thus, a sensing amplifier for sensing the difference between
bitline levels in a memory circuit is described. The described sense
amplifier is particularly insensitive to high common mode voltage levels
found in the bitlines and suffers little from the effects of push-out delay
as a result. Although the present invention has been described in terms
of a preferred embodiment, it will be appreciated that various
modifications and alterations might be made by those skilled in the art
without departing from the spirit and scope of the present invention.



8 V. CLAIM5S | claim "1 0A
circuit for wensisgsdi fferential voltage between a first si gnﬁbrhisﬂﬁlsﬂﬂj a
second signal line of a memory circuit, the circuit conprising
differential anplifier coupled to the first and second si gnal lines, the
differential anplifier generating an out put havi ng an out put potentral i n
response to the first and—secord i nes; : a‘hlstsﬂdetnﬁ xﬂdﬁ

Vi ce

first potential and thg WIS SHESTt AT fier

coupled to the first ptent| i HB-erenti al arrpl l"gm!

pass device directly cegpred to and responsi ve to t he secon

and a second pass device coupl e¥.t@GLAMS first ‘potential and the
out put of the dididip.enti al arrpl ifier, the second pass device directly
coupled to the first, signal ne, the second pass device nmintaining the

output potential in b A&WW‘J%%E@"Q@'@T@W? valtagehatwepneefirst signal 2.
tTEe ]‘f! rctut fleflitnm | d a sgcond’ mem;aaarﬁdmm dHRER, ﬂﬁfen&ﬁni éorﬁ HEihgd to

. e Irs otentl a . . | [ r evi ce

r esponsi vept 0 an ena%pgfeg@fé rﬁﬁlh@? ooﬁple% tlhg fe'%%"%??ﬁ% d slﬁ'ﬁ?igﬂs'l n

cl ai m 2 wher ei the h‘bfferemlelrmnpltMr generafing anfoutputin resppnse tostheirshards, t he

two nodes | ocatsgéob IH%% | oad and the differential anplifier, the
out put being one o e circuiit defined in claim

3 wherein a fourth |@a do%qnm%gt%adﬂabp@enﬁek%thqﬂ@feramlah@mmer,he fourth
pass device responsiafirst pags devivel couplamed tHe fét potenttal and the dltferéntidii t

ampl 111 cr " and ARG st rahp Sty RESSoTVe L kAL sigpatinian (o 1 he

enabl e signal line, asecdnd passdevicd eoupled tor therfiystpatentiainand the ce. (
6. The circuit gidrienfisl éﬁ\pﬁﬁ&' fﬂess%ﬁ‘ﬁtfbﬁsé BﬁvﬂbfrBSﬁt?ﬁElvé"‘{ ﬁ'@’hﬂs{' er
signal line.

2. The circuit defined in claim 1 wherein & third pass device is
coupled to the first potential and the differential ampln‘"er the thll’d pass
device responsive to an enable slgnal line.

3. The c_i_rcuit déﬁne_d in claim 2 wherein the differential amplifier
further comprises two nodes, the two nodes located between the load
and the differential amplifier, the output being one of the two nodes.

4. The circuit defined in ciaim 3 wherein a fourth pass device is
coupled between the two nodes, the fourth pass device responsive to an
enable signal line.

5. The circuit defined in claim 4 wherein a fifth pass device
coupled to the differential amplifier and a second potentlal the fifth pass
device responsnve to the enable slgnal line, the fifth pass device forming
a current source. -

6. The circuit defined in claim 5 wherein the differential amplifier
comprises two n-channel transistors.

0



conpri ses two _n-channel transistors.

9 , © WOPRIISSPr cuit defined in claim6 wherein the | Qadigﬂﬁ?_f‘l_},sg?tvm
p- channel transistors formng a current_mrror. 8. The circuit
defined in claim7 wherein the filfSL, d_T Tl t h padbis Skeei I8 BedRRplaced -
n-channel transistors and the thi d%["gﬁ}g'%ﬁ%ggé evi ces

transi stors. 9. In a neno Lrch g £hg a fir [

and a second signal line, a nethod for seoging a difference in potentl

between the first and second signal |ines conprising the steps of:

providing a differendi Jiof L [ f . I nput ,
the first signal Ii QZ' ?333#@6"'&%%"}?@%@% ?r%u ,'dﬁ‘%qéggo%@%%a line
coupl ed to the pebenael fansistors Orming & @HTentMErRs i fi er generating an

out put having an output potential in response to the first and second

signal lines, the differential plifier hayi twq. nqdes wherein pne of
the two nodes is t heodeRICUHASTIRY In SR ¢ wifhreld the Tirsly speond angh fif,
t hrough a | oad;pass devices areinrchannehtransistors gnuk thetthixtd and foarthipass a fir st
pass device betm&eé Q?e B%r[&htnteﬁﬂgngﬁfor | rst potential, the first pass

ve 1o

device directly Tesponsi e second signal line such that the out put
potential is maintained by the first pass device in response to the second

signal line; and o |@imbioty efcait §8AGRHINGA ARt isinallind an &86come Of
the two nodes b% cou|PI ing a se‘fg?r}d qu)_%ss d%% beth/vegyﬁ t h? oi her nee of the
two nodes and t#@nalling, ametind far sensing.a pse 4n patential between
responsive to tfirst andsecondsigndiiines coniprisirg thehsteps@ind potential is
10 "The et hod det | nbtving 3 difirdifial BmefBERadnh rlf e Sngfa e 11
equal i zi ng t he $eqond ipput: e firstgignal iveeupiad ieotherfirstinputithe sesend
differential  gignal line coupled to the second input, the differential amplifier

generating an output in response to the first and second signal lines, the

differential amplifiér having two nodes, the two nodes coupled to a third

potential through a load; | |

maintaining a first potential at one of the two nodes by coupling a

first pass device between the one of the two nodes and the third

potential, the first pass device responsive to the second signal line such

that the first potential is maintained by the first pass device in response

to the second signal line; and '

maintaining a second potential at an other one of the two nodes

by coupling a second pass device between the other one of the two

nodes and the third potential, the second pass device responsive to the

first signal line such that the second potential is maintained by the

second pass device in response to the first signal line.

10. The method defined in claim 9 including an additional step of
equalizing the first potential and the second potential whiie the
differential amplifier is not enabled by coupling a third pass device
between the two nodes, the third pass device responsive to an enable
signal line. |
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anplifier is not enabled by coupling a third pass device bet ween the two
nodes, the twbbenssass device responsive to an enabl e signal | pefrsesnsers .
10 11. The nethod defined in claim210 incl udr‘ng“—&ﬁ—addwt-t-mnai
step of precharging the two nodes by coupling a fourth §ﬁ VI ce bet ween

one of the two nodes and th [ he fourt laoed
! | “ﬁﬁ& 0T EIRG @éEN

responsive to the enable sig 12. The ,ll n
claiml1l 1 wherein the outputilis o FLAGED, t\A nodes
met hod defined in claim12 wherein the di-f@erenti al arrpl I fi er | S coupl ed to
a fourth potential through a fifth pass device, the fifth pass device

responsive to the ertdbl The imethodtdefinetih qiawrmaémludmgmmaddmenaustepnt

o Fforential aflPHechaORd A0 A5os'B) colpihg eTobin RS dibd Between
The nethod def it Faewomog%anqmevmyﬂmeﬁw thﬁa@uﬂbrﬁasss&wcmmmmel

transistors fO't@‘tﬁGe%aﬁlﬁélgﬂhl pgror. - 16. . The nethod defined in
claim15 wherein the first, second, and fifth pass devices are n-channel
transistors and third and fourth pass devices are p-channel transistors.

17. Acircuit for sesiTihe didthed cefined ivclaimgt! ivbereinitha olitputtis loinel dfne and
a second bitli Qﬁemoqm%gpry circuit, the second bitline carrying a '

~13. The method defined in claim 12 whersin the differential
amplifier is coupled to a fourth potentlal through a fifth pass device, the
fifth pass device responsnve to the enable line, the t" fth pass devsce
forming a current source. -

~ 14. The method defmed in claim 13 wherein the differential
amplifier comprises two n-channel transnsters

15. The method defined in claim 14 wherem the load comprises
two p-channel transistors forming a current mlrror

16. The 'method defined in claim 15 wherein the fifSt, second,
and fifth pass devices are n-channel transistors and third and fourth
pass devices are p-channel transistors.

17. A circuit for sensing differential veltage between a first bitline
and a secondbitline of a memory circuit, the second bitline carrying a -
complementary signal to first bitline, the circuit comprising:

a differential amplifier coupled to the first and second bitlines, the
differential amplifier generating an output in response to the first and
second bitlines, the differential amplifier éOmprising a first n-channel
transistor and a second n-channel transistor, the first n-channel
transistor responsive to the first bitline, the second n-channel transistor
responsive to the second bitline, the sources of the first and second n-
channel transistors coupled together, the output being the drain of the
second n-channel transistor;
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conpl enment ar siﬁnal to first bitline, the circuit conprising:
di fferential #¥35er coupled to the first and second bitli nggrm??ﬁéls‘m
differenti al anpllfler generating an output in response to the first and

second bitlines, the differentia Tﬁﬁ%m&é gcggy[\f ing a first transistor
L7

and a second transistor, the first b respgnsive to the first
bitline, the second transistor r cond bitline, the
sources of the first and second transi stafg.coupled together, the output
being the drain of the second transistor; a |l oad coupled to a first

tenti al dthe d | ™ Lrd
P ransi stor and a t ot G Buted 1 ﬁ’%Lé&e"PQFaAf B, GBRERS nibingr, "
transi stors coupad®compyisacef %iﬂtﬁttnjc’ﬂafm teansister and arsacondip-ghannalor, t he

drain of the tm'éﬁ’sxétbﬁrtﬁbi%iés 6Pty mét hﬁd 'sBBoA pLehatinel frnsistors
11 first transi t ransi tor coMedtothe

drain of the se‘ﬁ‘ﬂ‘m!\ecl5 focq%f'grt &nd ?q ﬂ@ g@tﬂ e&&l%érs Hé’hﬁﬂpﬁ Iransisto,
transi stors couwiraavot thetfirst pichannekirangister coupled to dhe drairof tlsafirst @- coupl ed

bet v he dif
Sour ce. conpr | scatEfieL insRiBh, bid Bfaift 3 tfe 356 5 1 pRABRE] Fansiblel colipleR™ |
an equal i zat oriodbeldfélnd!fdbeéecgéﬂ\ﬂe@aftﬂ% ranalsm the sousces pthedlirst second

transistors, t f‘ﬁh@ﬂé@dhd%dr@hnéﬁtfaﬁﬁs@%buﬁleﬂ%%é 'f%ﬁtrbdtéﬁt'ﬁi* stor
responsive to the ena cougl ed

et boen Uhe fires oA ehitent SGieegalladpatvaeh {18 Fiftbcaniial st and)
sevent h transi ssepondepqtentialy the currént source ¢ohiprisedef a third n-eharnght h

transt otor . ¢ narafSiREH ebrsh & &7 erBBlE oAl il 1P ST P el Cand
a ninth transist or campquahwme@wmsonpledtbq@wsenﬁhanrﬂns of #ee §iFki n of the
}‘ : ;] : t transi st oind 66ord Ridhdnnd franRsidtors SfROEGUalRatieN devicenedhprisihg sl -
third p-channel transistor responsive to the enable signal line;
a fourth n-channel transistor coupled across the load to the first
potential and the drain of the first n-channel transistor, the fourth n-
channel transistor responsive to the second bitline;
a fifth n-channel transistor coupled across the load to the first
potential and the drain of the second n-channel transistor, the fifth n-
- channel transistor responsive to the first bitline; and
a fourth p-channel transistor coupled across the load to the first
potential and the drain of the second n-channel transistor, the fourth p-
channel transistor responsive to the enable signal line.

heet Has Been Re; laced
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