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Background of the Invention The present invention relates, éﬁkﬁéﬁgé§I¢2§67Y:)
c

non- volatile menory elenents, and nore particularly, to ferroelectri
non-vol atile registers. 10 Non-vol atile configuration registers are
commonly used for menory mapping and security purposes. These non-vol atile
regi sters can be inplenented as stand al ohe registers or as pasC09dosc
non-vol atile menory array such as an el ectrical erasable programabl e read

only menory 15 ﬁmTILﬁ%ﬂ%gﬁRz%m&EﬁbbhBokhﬁcE??Qs#?% fﬁdi'ff

regi sters as a portion of an EEP convenience 1t a as™in
realizing a long register. However, if THEREINgister is only a single byte
in length then this technique becomes inefficient in terns of area, speed,
20 and power. For exanple, access of non-volatile registers in an EEPROM
requires a sense anplifier that needs to be activated. The sense anplifier
consunes a5l arge anount of p@eerkgandc ofpithe Inkahgtonrea on a

semn conductor die. Further, the non-volatile register shares a highly 25
capacitive bit line with a menory array. This capacitance slows down the
access of the regiTherraaentedumvensigudireilahas, pimegeterakhargimen-and

di schargi ng. 1o 28 14 GhemdiiP 1 GHREE N EhA0mBoR- ¥0kA) Lhfat £01 SESTS 11 3
menory array, row of the nenory array 1s nornally used. ~As those
skilled in thefSFrostectiis aonrvaladider srgdpters- nenory array typically

consists a0 128 orNcib6rdlidtdledepatdgitdatiohhPedBsBEYs HF&YodrimdtelHr €. - Si nce
ires a few bit,s, usin array structure to

?n{)?glmsaﬁl?r aople%sl%c?gérlo’f ERVET Y “}aﬁ’lpd'élgn&ﬁge,geggggggr%\l@°% St hel MEffry array
unused and, trerfvelntilsstregisteansgeapobei dnpbéméhtedeanrytaid aylondi S
unused portiONregisters or as'par;'df a non-volatile memory array such

as an electrical erasable programmable read only memory

15 (EEPROM). An advantage of having the non-volatile
registers as a portion of an EEPROM is the convenience it
affords in realizing a long registef. However, if the
register is only a single byte in length then this
technique becomes inefficient in terms of area, speed,

20 and power. For example, access of non-volatile registers
in an EEPROM requires a sense amplifier that needs to be
activated. The sense amplifier consumes a large amount
of power and occupies a large area on a semiconductor
die. Further, the non-volatile register shares a highly

25 capacitive bit line with a memory array. This
capacitance slows down the access of the register and
requires additional power for charging and discharging.

"In addition, when implementing non-volatile registers
in a.memory array, a row of the memory array is normally

30 used. As those skilled in the art are aware, a single
row of the memory array typically consists of 128 or 256
bits, depending on the memory array structure. Since a
register only requires a few bits, using a memory.array
structure to implement a register leaves a large number

35 of bits of the memory array unused and, therefore, wastes

a large portion of the memory array. This unused portion



2,pf’the menory array consunes a |arge portion of the sem conductor die
whi ch is also wasted. Accordingly, it would be advantageous to have a
configuration register in which the registers are 5 separate fromthe
menory array structure. It would be of further advantage for the registers
to be nodul ar and capabl e of being cascaded to form nenory bl ocks of
different sizes. It is also desirable that2accessing data in the register

be sinple, fast, and energy 10 efficient. Brief Description of the

Drawi ngs 15 FI.G 1 is a_sche | Lagr a Nl gt | regi ster

in accordance V% A3 TSHSEY @Eﬁtayggg?%gq%?eéeﬁgf%%nt | oo\r#;) ole:% &lhpez is a

hysteresis | oopsehiquidudtzat idde mécgeié@lsaswasﬁ%mct ion of voltage (V) in

a ferroelectric 20 A&g@qhgi& | Bet BEuigbet &dvaictdddous] tdihiave witing and
and Fl 3

readi ng operations;, - 1S atl_m&g_dlaﬁ}rxamfo,r vvritir{gandata into
and readi ng dateenfigHuatd ore Fiegistesr ip) wWhigh| Hhe XeFAENREE @ h a tining
embodi ment  @f ¥ Ase Mrdn 2R meorFSabeagi setudeses | ptitowafld be of

Drawings FIG 1 is a schematic diagr of a.npn-vol at. 3 ister 10 in

accor dance wi t SRR AFIRRH2IST f?’%e%g]?eggﬁfsg ]\‘”/%n{:?oﬂ?% gﬁe‘gﬂsﬁ%‘n

i ncl udes pass gedpsble @ baihg foascadedctoi formpmehexy sollacksi®f 24, and 26,

a voltage det ec&g&%}_ﬁe ‘gn&éé nsi tgrsag%oafigsg? prasshdat £ocdsd ity UdEs an
OXT de 3 uc e e ? '

n- channel netal sem con or ect transistor ( FET) 11
and a data in the register be simple, fast, and energy

10 efficient.

Brief Description of the Drawings

15 FIG. 1 is a schematic diagram of a non-volatile
register in accordance with an embodiment of the present
invention;

FIG. 2 is a hysteresis loop of polarization charge
(0) as a function of voltage (V) in a ferroeleqtric

20 capacitor in the register of FIG. 1 during writing and

reading operations; and

FIG. 3 is a timing diagram for writing data into and
reading data from the register of FIG. 1 in accordance
with a timing embodiment of the present invention.

25

Detailed Description of the Drawings

FIG. 1 is a schematic diagram of a non-volatile
30 regiéter 10 in accordance with an embodiment of the
present invention. Register 10 includes pass gates 12
ahd 32, ferroelectric capacitors 14, 16, 24, and 26, a
voltage detector 18, and transistors 27 and 28.
Pass gate 12 includes an n-channel metal oxide
35 semiconductor field effect transistor (MOSFET) 11 and a
b-channel MOSFET 13. A gate electrode of MOSFET 11



p- chdannel MOSFET 13. A gate el ectrode of MOSFET 11 3 serves as a first
control electrode of pass gate 12 and is connected to a node 43 for
receiving a control signal. A gate electrode of MOSFET 13 serves as a
second control electrode of pass gate 12 and is connected to a node 44 5
for receiving a conplenentary control signal. A source el ectrode of MOSFET
11 is connected to a source el ectrode of MOSFET 13 to forma first data

el ectrode of pass gate 12. The first data el ectrode of pass gate 12 is

connected to a _node 41 for.transmtti at ignal . A1l ain

el ectrode of NOSFET 1% Fsf&ﬁﬁgeﬁ?%ﬁr?gq%ﬁﬁgﬁ?%k%FﬁQFFSﬁEgggewgéFé?d13 to
form a secondigateneeetedote af npdssiyafer dhcdivigippa doperedt edghbdt t he
structure of RAags Qak§elerbien8E ﬂdbgﬁ'ﬁgj{% %eéx.lll%@&o% 'E?a'?,-tonﬁhQWﬂg?:BlF' G 1

Sui tabl e structdres for pass gate 1 [ pass gates capabl e of
transmtting ledgcé&ards giaPasEngat® 1P rand i bhcomianiad toamsnedsr 4fass
gates havifig Fofl Rgkei¢eny’ &l c&nﬁfélhéh@&r)f)fcéﬂ&d]l kf3.grA3 .t has@otilkkk! ed in
the art are aware, tgg cgntrgl S|?ﬁal a ied to the control i%ggtrgde of a
single transi StEFEFREE Qat HOSTRLCIUES tak WA & SOUTCS £ f&%ont r ol
signal s appli ed MOSFEE® dd3ntvoEoemeat firiets ddtan ellddtirddeand pass pase gate
structure, e.g4, P 1 | C e of I t,or 14 is
connected to gzﬁodg‘%%Sgﬁ%rgtré%gév%éé%rn&hegté%%dﬁsosﬁ %af\tgeﬁ%%. t'"% second 25

el ectrode of copascted to msnedanélt feir toransmiddsing adslekaclsdgnpdde &f pass

gate 12 apgl te@ihl bikceh8ak" BECMOSFERPEL! {0 cthe A ELGIG Hradhr ode of
capacitor 16 is connected to a node 46 for receiving a restoratiqn signal.
electrode of MOSFET 13 to form a second data electrode of

pass gate 12. It should be noted that the structure of
pass gate 12 is not limited to the embodiment shown in
FIG. 1. Suitable structures for pass gate 12 include

15 pass gates capable of transmitting logical signals in two
directions, single transistor pass gates having a single
control electrode, or the like. As those skilled in the
art are aware, the control signal applied to the control

- electrode of a single transistor pass gate structure may

20 be different from the control signals applied to the
control electrodes of a multi-transistor pass gate
structure, e.g., pass gate 12.

A first electrode of capacitor 14 is connected to a
node 45 for receiving an extraction signal. A second

25 electrode of capacitor 14 is connected to the second data-
electrode of pass gate 12 and to a first electrode of
capacitor 16. A second electrode of capacitor 16 is
connected té_a node 46 for receiving a restoration
signal. '

30 Voltage detector 18 includes n-channel MOSFETs 17 and
21, and p-channel MOSFETs 19 and 23. MOSFETs 17 and 19
form a first inverter and MOSFETs 21 and 23 form a second
inverter. A gate electrode of MOSFET 17 is connected to
a gate electrode of MOSFET 19 to form an input of the

35 first inverter. A drain electrode of MOSFET 17 is
connected to a drain electrode of MOSFET 19 to form an



30 Vol t age detector 18 includes n-channel MOSFETs 17 and 21, and
p-channel MOSFETs 19 and 23. MOSFETs 17 and 19 forma first inverter and
MOSFETs 21 and 23 forma second inverter. A gate el ectrode of MOSFET 17 is
connected to a gate el ectrode of MOSFET 19 to forman input of the 35
first inverter. A drain electrode of MOSFET 17 is connected to a drain

el ectrode of MOSFET 19 to form an 4 outdput of the first inverter. A
source el ectrode of MOSFET 17 and a source el ectrode of MOSFET 19 form a

first enable el d Ieee L r I nverter,
respectively. S\Sgé{‘g 8 a&? %‘?r% % %éhggﬁnéé?égg?% agE ate

el ectrode of NEBSEET237t@n¢o¢rﬁQurQeuﬁkeqﬁr0§he0§eM@ﬁHETn¥%rwim aA drain

el ectrode of MpBEEL ZhdabPe COTROSESSL tﬁ@a%@c@n@' Sﬁa‘bﬂéeePécMET £3 to

forman output of the second Inverter. source el ectrode of MOSFET 21 and
a source el ect FBefd¥rsyolnypgiesy %eﬁﬂ?r%’é{eflﬁfr‘stAeﬂ%BFee%?%*&’E?%é’fand a

second. enapl emespntrmﬂel@fcémecsw@mb iahgereeeletespaet b¥ eMysFER3 nput  of
the first inve and_t hge OUtgﬁéiﬁgithe s cqnd |Everte re. connect ed
e

together to fo ﬁ] OF i 3R {RYEY F%ﬁﬁ@' ANYEFEShe dBt¥EEHR 18, The
out put of 15 ¢&hectrodé oHVMOIEET R1d itsheonmeutedf tbha degimdelentardds are

connected toge S v l.e o] g¢tor
18. The first éggg?éﬁg$ $1€%eﬁ%$pgﬁ%q%l sec ?Evg%%eggcg d ﬁﬁ&?ﬂ@;f enabl e
el ectrode of t&aeuseecpliechrede 9f MASEEThZdcead aogeunnee ebeq:‘@mﬁl%m efrst 20

control elgetrpdsret 9! toar defncdiOlenkble Blecee68BdarAR| Sc&bigt rode of
the first inverter_and,the second enable elegtrode of the second inverter

are connected EBBRIRcPLESEFATIM o St RPORGt AOVEEFEE L r HEEPRFL TP ¥ge
The input of the first inverter and the output of the

second inverter are connected together to form a first
voltage electrode of voltage detector 18. The output of

15 the first inverter and the input of the second inverter
are connected together to form a second voltage electrode
of voltage detector 18. The first enable electrode of
the first inverter and the first enable electrode of the
second inverter are connected together to form a first

20 control electrode of voltage detector 18. The second
enable electrode of the first inverter and.the second
enable electrode of the second inverter are connected
together to form a second control electrode of voltage
detector 18.

25 The first voltage electrode of voltage detector 18 is
connected to the second electrode of éapacitor'14. The
first control electrode of voltage detector 18 is coupled
to a node 20 via n-channel MOSFET 27. By way of example,
node 20 is at a lower supply voltage, e.g., a ground

30 voltage level. The grouhd voltage level is also referred
to as ground. A gate electrode of MOSFET 27 is connected
to a node 47 for receiving an activation signal. A
source electrode of MOSFET 27 is connected to node 20 and
a drain electrode of MOSFET 27 is connected to the first

35 control electrode of voltage detector 18. The second
control electrode of voltage detector 18 is coupled to a



detector 18. 25

connect ed
el ectrode

MOSFET 27.

ground 30
ground. A
recei ving
connect ed

The first voltage el ectrode of voltage detector
to the second el ectrode of capacitor 14. The first control
of voltage detector 18 is coupled to a node 20 via n-channel
By way of exanple, node 20 is at a | ower supply voltage,
voltage | evel. The ground voltage |evel
gate el ectrode of MOSFET 27 is gpnnected to a node 47 for
an activation signal. A source el ectrode of MOSFET 27 is

18 is

: e.g.,
is also referred to as

a

to node 20 and a drain electrode of MJXSFET 27_is connected.to the
cont PefectBcviade-grannet MRSTFR &8-or BYsWaYTRE ?ﬁ%ﬁge(:oﬂ??ﬁl
of vabt ageateheapper 18upsly ouglteyed dewel, &.gode VdPD vida gatehannel

B f | 40, |

» gitkcBrade, Bh st REcd o FinddthEo 31 PRaL 48 FB9C | Crel-
a compketehnhgry aomplenemraxy gretlivakisousdensl.el Acepyaeeof
f{sS C%EQ‘E%ESQSt& n@8§)[:'§'9 60 & déUrﬁ-#é}:t‘éda‘Hor deeOoMRRAES 28 is
0t e 0

connect ed € second control electro voltage detector 18. A _first

el ectrode of cdpadnt eleghrpdecofindeSHERT (28 rdtcomecsed &L thengerrad |

extraction sigpahtrf1S8¢80Hrd8e SFeFdIuse Metitad . 24 is connected to
t he second vol tage electrodi of %ﬂlt e detector éS.and o} firég
el ectrode of capacPt 51796, eReCEEA @ && Ft 28 P8 P Feggegs connect ed

to node 46 for nodecisi figrt beceteing athenexstixariionl $ignal .Pads sgarad3?2

I ncl udes n- channel EE - RET 33 t €
el ect rodea"gq Nﬁgﬁﬁfrgfgggf:véggégfgg??%gtl%%ceﬁﬁr.(g’ % gfeégggse%ate 32

and is voltage electrode of voltage detector 18 and to a firs

first 35

el ectrode
MOSFET 28.
e.g., VDD
recei ving
MOSFET 28

Op™™

electrode of capacitor 26. A second electrode of
capacitor 26 is connected to node 46 for receiving the
restoration signal.

15 Pass gate 32 includes an n-channel MOSFET 31 and a p-
channel MOSFET 33. A gate electrode of MOSFET 31 serves
as a first control electrode of pass gate 32 and is
connected to node 43 for receiving the control signal. A
gate electrode of MOSFET 33 serves as a second control

20 electrode of pass gate 32 and is connected to node 44 for
receiving the complementary control signal. A source
electrode of MOSFET 31 is connected to a source electrode
of MOSFET 33 to form a first data electrode of pass gate
32. The first data electrode of pass gate 32 is

25 connected to a node 42 for transmitting a complementary
data signal. A drain electrode of MOSFET 31 is connected
to a drain electrode of MOSFET 33 to form a second data
electrode of pass gate 32. The second data electrode of

32 is connected to the second electrode of

30 capacitor 24. It should be noted that the structure of

32 is not limited to the embodiment shown in

pass gate

pass gate
FIG. 1.
pass gates capable of transmitting logical signals in two

Suitable structures for pass gate 32 include

directions, single transistor pass gates having a single

35 control electrode, or the like.



connected to node 43 for receiving the control signal. A gate el ectrode of
MOSFET 33 serves as a second control 20 electrode of pass gate 32 and is
connected to node 44 for receiving the conplenentary control signal. A
source el ectrode of MOSFET 31 is connected to a source el ectrode of MOSFET
33 to forma first data el ectrode of pass gate 32. The first data el ectrode
of pass gate 32 is 25 connected to a nodé 42 for transmitting a

conpl enentary data signal. A drain electrode of MOSFET 31 is connected to a

drain el ectrode ofg A@Ftl;} :ig Fgﬁép i‘néf&&%% rglaé}?arﬁ{eelctmrogﬁg‘gz Ragsgoate

32. The second dat tro ass gat I S. connecte e second
el ectrode of 3% capadats eé&‘—‘tFt’Pd§h@lﬁl HOBEER o3 éPrdhar gate sthegtrode of pass

gate 32 is notof lmsm 35 H1e ohadcerat téhQV\ﬁodé' £ Gorl reddikalle a
structures for a,te 32|n | ude gass S ca&g?le of tran§mtt|ng

| ogi cal si gnal "’E ns, BsPRYFESt PaRStS M dOFF 34 ardhg a
single 35 ®sonta oéoxﬂi@:ter]mm;ro@e beeMbsk'ET 36 ﬁr&eagamiarte’ki) taumidder 2ioncl udes

n-channel NOSEETS. 3, Al odd 93! oskBR! 59095 L MEREL 4, A 408k

el ectrode of are connecte 0o ano recel ving
di schar gi ng siefettroismfi capaicdtorodd . of AMISELT glectinbds a?fsMQS@@T

el ectrode of MFPHES &ﬁa.rﬁé’cﬁ:e@'&'&e‘f:h%dsEQoﬂﬁdéngtrcﬁié”@f Nt RGlHg2d© 40f

MOSFET 34 is connected to the second el ectrode of capacitor 14. A drain

el ectrode of MR el SwEghRice&d “E6adfeoRBERMECRY AQTETRS Gré @@Saélst
24. After 1@achnaypé @ctivatieRPdo dpeehhirgd, cABREdSrs34ANd 636 24) @ be

nduced by ¢ het€of ARG e, AeFeBe {BHICPROPE 1Y SRS DEGTSRA t hat
in accordance these capacitors. It should be noted that, in accordance
with the present invention, MOSFETs 34 and 36 are
optional.

15 It should be understood that each MOSFET in FIG. 1
functions as a switch. Therefore, the MOSFETs in FIG. 1
are not limited to being field effect transistors. Any
switch having a control electrode and two current
conducting electrodes can replace the MOSFETs in FIG. 1.

20 For example, all MOSFETs in FIG. 1 can be replaced with
bipolar transistors, insglated gate bipolar transistors,
or the like. As those skilled in the art are aware, when
using a MOSFET as a switch, the gate electrode of the
MOSFET corresponds to the control electrode of the

25 switch, the source and drain electrodes of the MOSFET
correspond to the current conducting electrodes of the
switch.

The polarization states of capacitors 14, 16, 24, and
26 determine the logical value of the data stored in

30 register 10. The voltage across each of capacitors 14,
16, 24, or 26 is defined as positive when the potential
at the electrode of the corresponding capacitor with a
positive sign is higher than the potential at the other
electrode of the capacitor. The polarity of the charge

35 in each of capacitors 14, 16, 24, or 26 is defined as
positive when the charge on the electrode of the
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with'the present invention, MOSFETs 34 and 36 are optional. 15 It
shoul d be understood that each MOSFET in FIG 1 functions as a sw tch.
Therefore, the MOSFETs in FIG 1 are not |limted to being field effect
transistors. Any switch having a control electrode and two current
conducting el ectrodes can replace the MOSFETs in FIG 1. 20 For exanple,
all MOSFETs in FIG 1 can be replaced w th bipolar transistors, insulated
gate bipolar transistors, or the like.” As those skilled in the art are

ouer e pencr 5:08eBlEREET Bt bl Uyl IR BGR' CaE 85 N IOSFEL

el ectrodes of peRAEMBSFET correspond to the current conducting el ectrodes of

the switch. The ppi@rizaid ob BAl&Als AURCI6HOLE éélaﬂ@zagf'ona&qa%e

determ ne the | ogical value, of the data stored in regi ster
vol tage acros$Qdafi 8f feaphkior 7% veltage 07 i aZ@er"§°GéPFF\€Hcas positive

when the ot eghpatigbrt i ﬁé@ﬁﬁ@ﬂelmfddﬂelg:Qreraaiﬁgndnagweaa@.ﬁgtor wth a

positive sign is hé?her t otential at the o i %rode of the
Gapaci tor . ThEPRERKFPES- o Wtbage sfirandh o roThpRlFebFecTa. 16, 24,
or 26 is def|qeﬂaastpnsunlaeremteme:migﬁrm dalte ékeebrodetbé t he 7

cor respondi ng¢gapaE LOE b | Sablley B4 5 Hilther® PRSLELVBo1EL Faalib

hysteresis |o at1on charge ( as a unc tage (V)
in a ferroel eétaté §1c915a%| serond n@ga@@tlml GULE Gﬁeadi[ﬁgaaﬁéirw:l ting

operationgp Wiegibhe ¥21480Es AEOSE Ad HFdARE! NioCof FIG. 1,
capacitors 14 and 26 are in polarization state 61, and
capacitors 16 and 24 are in polarization state 62. If a
second logical value which is complementary to the first
logical value, is stored in register 10 of FIG. 1,

15 capacitors 16 and 24 are in polarization state 61, and
capacitors 14 and 26 are in polarization state 62. A
ferroelectric capacitor in register 10 of FIG. 1 may
enter intermediate states 63 and 64, saturation states 66
and 67, and neutral state 65 in hysteresis loop 60 during

20 the writing and reading operations, as will be discussed
in reference to FIG. 3.

FIG. 3 is a timing diagram 100 in accordance with a
timing embodiment of the present invention. Timing
diagram 100 includes complementary data signals 141 and

25 142, complementary control signals 143 and 144, an
extraction signal 145, a restoration signal 146,
complementary activation signals 147 and 148, and a
discharging signal 149 for writing data.into and reading
data from register 10 of FIG. 1. Complementary data

30 signals 141 and 142 are applied to nodes 41 and 42,
respectively, of register 10 in FIG. 1. Complementary
control signals 143 and 144 are applied to nodes 43 and
44, respectively, of register 10. Extraction signal 145
is applied to node 45 of register 10. Restoration signal

35 146 is applied to node 46 of register 10. Complementary
activation signals 147 and 148 are applied to nodes 47



capacitor in a register containing data is zero, the ferroelectric
edpacitor is in either a first polarization state 61 or a second

pol ari zation state 62. If a first 10 logical value is stored in register
10 of FIG 1, capacitors 14 and 26 are in polarization state 61, and
capacitors 16 and 24 are in polarization state 62. If a second | ogi cal

val ue which is conplenentary to the first 8ogical value, is stored in
register 10 of FIG 1, 15 capacitors 16 and 24 are in polarization state

61, and capaci Sadd ! l,ad s ' st a fer tric
capacitor in r‘(;;f}ﬁlastt_l ér’ ?898%‘@%%@1%' r%@ %\41675‘3:@':‘;{1 gr'mgggtgléag%{l%sé%kﬁd 64,
sat uration staﬁlgg 66 applied %m%ri%m%#a%%n ARy sPeVELF] | oop 60

during 20 thegWektlibAg1200ilBastEaPaHY itAMEing?Sivhblisbeodi eieseg in
reference to FI ﬁF ’g Fl Gl 3.is.a tirﬂnge’ng% di agram 10Q in accor danCﬁ V\n%%h a
timng enbodi n& ArehelBPLeRh VH RN s TiMeng TBFQgraft3heT i 1 AMes
conpl enent a8y #@aGa 3i.gnal seddlsemcicib 120441 loayplateenthey ttnimgol signal s
143 and 144, an. ckl.an_si aklon.si gpak+4146

conpl enment ary g’éﬁ%g?i %Lﬁgs]ﬁé‘lﬁg s 1 an%gfﬁge%é% eg &lﬁsgﬁair%c}hgl s‘?'}gljenrél 149
for witing daregisterahl sbovesgthmtfinstorhacdgiadt ¥rlue, o .Fi G "ane”.

Conpl enent ary dat agd@ors! &NaS: dékl Mhality i3 exeBate8d Hass &1y and 42,
respectively, of register 10 in FIG, 1. Conplenentary control signals 143

and 144 are apffPed?t 8rRoReR-gardurfive. valfegs detecter L8gister 10.
Extracti om@i gadlsabdedi, Se’kpphteion Gsiviiil 4450f reegothetiohOsifieal 0o146) on

sional 36 146 ks a8RLhetel o905 0 pla LAY 3 Clorting, CRHALERE 2TV
voltages across capacitors 14, 16, 24, and 26 are zero.
To write a logical “one” into register 10, data signal
141 is placed at a voltage level of, for example, Vpp,

15 which represents logical “one”. Complementary data
signal 142 is placed at ground, which represents logical
“zero”.

At time t,, pass gates 12 and 32 of register 10 are
placed in conductive states by complementary control

200 signals 143 and 144. The voltage levels at nodes 41 and
42 are transmitted to the second electrodes of capacitors
14 and 24 of register 10, respectiﬁely. The voltages
across capacitors 14 and 16 are -Vpp and +Vpp,
respectiveiy. Capacitor 14 enters saturation state 67

25 and capacitor 16 enters saturation state 66 as shown in
hysteresis loop 60 of FIG. 2. It should be noted that
capacitors 14 and 16 enter saturation states 67 and 66,
respectively, regardless of their initial conditions.
The voltages across capacitors 24 and 26 remain at zero.

30 At time t;, extraction signal 145 is raised to Vpp.
Likewise, at time t,, restoration signal 145 is raised to
Voo The voltage across capacitors 14 and 16 change to
zero. The state of capacitor 14 changes from saturation
state 67 to polarization state 61 and the state of

35 capacitor 16 changes from saturation state 66 to
polarization state 62 as shown in hysteresis loop 60 of



and 48, respectively, of register 10. D scharging signal 149 is applied to

node 49 of register 10. Awite section 110 illustrates the timng signals

for witing the first logical value, e.g., "one" into register 10 of 5 FIG
1. Aread section 120 illustrates the timng signals for reading data from
register 10 of FIG 1 when register 10 stores the first |ogical val ue,

e.g., "one". Before a "wite" command is executed, pass gates 12 and 32 are

non- conducti ve, voltage detector 18 is 10 di sabl ed, extraction signal 145,
restoration signal 146, and djscharging signal .149 are at .gLreun nd the
vol t ages acrosg @ap§C|tB € Yﬂi tage é%ﬁé%ﬁué%ﬂ?%££?rfe%§.a?8 agi fla 8?oglcal
;one" |ntF re%EBteVﬁ;@uﬁﬂaﬂ@Ds|{ﬁﬁdeqpiydhy .pl Sepdcatoxn Béleager$evel of ,
or exanpl e, 15 p i dat a
Bﬁgggatlﬁh g@aE% 66 éﬁélc %Y 2%“%nter§°EHkﬁ?§E£aﬁy

signal 142 is roun presents ogi cal "zero". At tine
to, pass gateSSLatand73€soShoug|sméhyqxﬁnﬂﬂiﬁMLQQEUG nofofdGet Pve §Fates by

compl ement &y ¢ABLAR! bE0nStafatRat 43l ks 2handblisagatlegvel s at nodes
41 and 42 are transmtted to the second el ectrodes of CaEaCIt%isﬁﬁ o%md 24
d

of register 108atBZpEippyErytesnet And fbs TRIRFEEVEINei £6508T 6. are
[err] and +[eEhklgesageiayebyndﬁagaﬁgIor 14 enters saturation state 67 25

and capacitor 16 epters._sa ti.Q e i resis | oop 60
of FIG 2. It shougg Eé ﬁo% ﬁ%ﬂ%égfﬁkwg Pgilzﬂgmg 1£°£%€%§ g%turatlon
states 67 and Gﬁpunéspebukewhye regatum%§a'oﬁe§ﬁérﬁtﬂﬁntFagnébna4§|hﬁs The

vol tages agy 059 AR 0" 5730800 FRoICUNLNGadiidl cldaci corfl 14 ERaler ).

extraction Sl gn I Se ew se, at tine

restoration S|éﬁaPhEHHel§rP§|§§H°tB°Vﬁﬁm *RE v3h¥a§@s§@F5§&ei¥Lac?P8rs 14
and 16 change Qa2 @f EBBasliabe 0L ERARGES Ofrckf gilaGemUioRMstalter 8ili On

state 67 to po%%rgg%gkgglggaggagé pd tgefﬁgegééég of capacitor 16
changes from polarization state 62 to saturation state 66
15 as shown in hysteresis loop 60 of FIG. 2. The voltage
across capacitors 24 and 26 change from +Vyp and -Vpp,
respectively, to zero. The state of capacitor 24 changes
from saturation state 66 to polarization state 62 and the
state of capacitor 26 changes from saturation state 67 to
20 polarization state 61 as shown in hysteresis loop 60 of
FIG. 2.
It should be noted that, in accordance with the
present invention, the chronological order of times t;,
t,, ti;, and t; is not limited to being exactly the same as
25 that of the embodiment shown in write section 110 of
' timing diagram 100. The occurrence of the rising edge of
extraction signal 145, time t;, precedes the occurrence
of the falling edge of extraction signal 145, time t,.
The occurrence of the risihg edge of restoration signal
30 146, time t,, precedes the occurrence of the falling edge
of restoration signal 146, time t;. However, the
operation of writing data into register 10 is independent
of the chronological relation between extraction signal
145 and restoration signal 146. For example, time t; can
35 occur after time t, or time t; and time t, can occur after
time t,.



35 cépaci_tor 16 changes from saturation state 66 to polarization state 62
as’ shown in hysteresis |oop 60 of 9 FIG 2. The vol tage across
capacitors 24 and 26 change to +VDD and -[err], respectively. Capacitor 24
enters saturation state 66 and capacitor 26 enters saturation state 67 as
shown in hysteresis |loop 60 of FIG 2. It 5 should be noted that capacitors
24 and 26 enter saturation states 66 and @6, respectively, regardless of
thelrdlnltlal conditions. At time t3, extraction signal 145 is lowered to
ground. Likewi se, at tine t4, restoration signal 146.is 10 re

ground. The vol tag@‘taé"l"ﬁ'?stéap%‘?ﬁ“?]tﬁ‘%enffxyn&%f‘grc?iaﬁbgn?i%nig%?%“?of@[ err]
anf’ + [e[_r], rtfiﬂl%ﬁﬁét 1@é@s>’ga-fbe sRaknd ol 2 chp atdr-afonidhatliargetatesm

pol ari zation state t.0 saturation_state 67 t t f pagizt or 16
changes from pd‘%ﬁ"? é_’ti"(?ﬁi?t atd SEPFglg?a’{ﬁ?%‘% ?%hgd s]tmgtf?o%b%fgeagas o%%n in
hysteresis | oopsiflaifing Gapacithesvahtand 2€roeun qwsteci42or s 24 shodlde
change fr0”§+Vfﬂ% HYted e, hesRectiMe! V., (miAltentleyshata 8ighapaci tor
24 changes romsaturation state 66 to po?arlzatlon state 62 and the state
of capacitor 26l4hanged42 ovvsbeurahrerdstaer Brdep Yo Kl &dzation state
61 asdshown !nhllg@?&rtﬁsﬁeqy,oop 60 of FIG 2. It should be noted that, in
accordance with t resent i.nyenti he 0 i rder of timnes
[err], t2, t3, and 18 $HG lP?éﬁﬂ'gg%%E%%?%gg{e}%aéc&%yggheeyane as 25 that
of the enbodi metiscHuwing) siinkd 146t pbacéd MOSFETsi Iy adida@barimt®0. The
occurrence,qQf the risi.n f [ j | i AN
precedes tﬁ@ ocT <%5ﬁ%%g%gggﬁ§g?a?ﬁ%%gﬁgd§£s§¢ é€f¥%§%F§%h5?5%§ﬁ4%4%F'
[err]. 24, and 26. The voltages across capacitors 14, 16, 24,

time

and 26 are now equal to zero. Thus, capacitors 14 and 26
are in polarization state 61 and capacitors 16 and 24 are
in polarization state 62 as shown in hysteresis loop 60

15 of FIG. 2. It should be noted that, in accordance with
the present invention, discharging capacitors 14, 16, 24,
and 26 is optional. If not discharged, the states of
capacitors 14, 16, 24, and 26 change to their respective
polarization states, i.e., 61 and 62, because of the

20 leakage from ferroelectric capacitors. In either case, a
logical “one” is written into register 10.

In accordance with the present invention, the
operation of writing the second logical value, e.g.,
"zero", into register 10 includes steps analogous to

25 those for the operation of writing a logical “one” into
register 10. It should be noted that, when writing a
logical “zero® into register 10, data signal 141 is
placed at ground and comblementary data signal 142 is
placed at Vpp. Therefore, after the writing operation,

30 capacitors 14 and 26 are in polarization state 62 and
capacitors 16 and 24 are in polarization state 61 as
shown in hysteresis loop 60 of FIG. 2. It should be
noted that capacitors 14, 16, 24, and 26 enter their
respective polarization states regardless of their states

35 before the writing operation.



The occurrence of the rising edge of restoration signal 30 146, tine [err].
precedes the occurrence of the falling edge of restoration signal 146, tine
t3. However, the operation of witing data into register 10 is independent
of the chronol ogical relation between extraction signal 145 and restoration
signal 146. For exanple, time [err] can 35 occur after tinme t2 or tine t3
and tinme t2 can occur after tinme t4. 10 At tinme [err], conplenentary
control signals 143 and 144 place pass gates 12 and 32 in non conductive

states, thereby i ng ¢ it 16 from nod ol ating
capacitors 24 andgggg%%ogtn%§%§4fg&ﬁF% ét?ﬁ?cub %%OPE% tﬁé a??er tinme
t5, conplenenaaﬂy36aaaeshgnabgn4ugtam€,IwQﬂtngetﬂ?h&ﬂhymedenentnodes 41 and

42, respecti velikaphagd Ekﬁ?abEiSﬁvéigl@QiV‘fﬁ‘ RS eft 120 ofi Gnadl &qlaargl ng
S|gnal 149 pl aces MOSFETs .34 and 36 1nto 10 conductlve states hereby

di schar gi ng capdcPigrbarginggsignal ;149 are MIASRS By S oRdces &ndashei t or s

14, 16, 245 andlRagakcabpvseduabatitdesold, s, mpacnd @6S aké Z@Gol6 are in
pol ari zati on ééate 61 and Iarl ati.on.state 62

it 6
Do Shown 1 1 hy: dPeSrsicd, BRRE, £S5 Tster AV Aot arfe REH ARGRERILE' € 0
accordance w whluee prgsentonatentThus, diaudaitginsy 1da @aci tZ(ﬁr are4inlb, 24

and 20 1s ont ianal-i ht:BA sdhschas dals Lhsetanes of Lapayl Wks it 16 24,

and 26 change'to el r respective: po l'on's d 62,
because of th@OQGrlﬁéékageSFﬁéﬁt5%rr%%l%%?wnt#nﬁhuﬁﬁQFﬂﬂ§s LoereibOhef case,
a logicaljgongirg.sawitten into register 10. In accordance with the present

' nvention, the At time tg, extraction signal 145 is raised to +Vyp.

Because pass gates 12 and 32 are non-conductive and
voltage detector 18 is disabled, the nodes connected to
the second electrodes of capacitors 14 and 24 are

15 1isolated from an applied voltage level.

The total voltage across capacitors 14 and 16 is Vpp.

An electric field created in capacitor 14 by the voltage
across its electrodes is in thé opposite direction from
its initial polarization field. The electric field

20 depolarizes capacitor 14 and may polarize capacitor 14 in
the opposite direction depending on. the ratio of the
capacitance of capacitor 14 to that of capacitor 16. The
state of capacitor 14 changes from polarization state 61
to intermediate state 63 as shown in hysteresis loop 60

25 of FIG. 2. An electric field created in capacitor 16 by
the voltage across its electrodes is in the same
direction as its initial polarization field. The
electric field further polarizes capacitor 16. The state
of capacitor 16 changes from polarization state 62 to

30 intermediate state 64 as shown in hysteresis loop 60 of
FIG. 2. In the process, an amount of polarization charge
equal to the charge difference between intermediate state
63 and polarization state 61 is transferred from
capacitor 14 to capacitor 16. The charge difference

35 Dbetween intermediate state 64 and polarization state 62,

which represents the polarization charge increase in



operation of witing the second |ogical value, e.g., "zero", into register
10 includes steps anal ogous to 25 those for the operation of witing a

| ogi cal "one" into register 10. It should be noted that, when witing a

|l ogical "zero' into register 10, data signal 141 is placed at ground and
conpl ementary data signal 142 is placed at VDD. Therefore, after the
witing operation, 30 capacitors 14 and 22 are in polarization state 62
and capacitors 16 and 24 are in polarization state 61 as shown in

hysteresis | oop. 80, ofi bl Gg 2074 (80U BE RO LNAL WARAL OF S 14, 16,

24, and 26 ente?a?%elr yesdeéﬁlve p0|arI9§tIOD states regardl ess of their
states 35 bef oimtedmediatie rmfakse63t pad. Polapizakton StalR|"6loo Wl i s

execut ed, pass iy ccan , . |
di sabl ed, extr a%%%énséﬁﬁaqﬁle’i%ga%l%ﬁlgﬁ dHabh¥ eded bl S 6l rd dafdciitokB S

_ _ restoration_sign 146, a di_ schargin
signal 149 are bfac®¥e W4ty easkd others vgﬁ?a‘é‘git?ﬁ? o%tsr}cci?pé’cﬂ Sr s 191,
|16, , 24i anfl 26 3bEndEted dd tife asmvmeEd elleatrbdgi 6f ecafdicitar st tilse raw st

ogi cal value, e.qg., "one". Thys, capacitor . . 12N .nol ari zation
state 61 and caﬁ%g?}oﬁ%rﬁhfeﬁé?ﬁﬁ?%mﬁ?rpﬁSpgﬁg%é%gggo%§$3§?ghgf%9as shown in
hysteresis | oopgféabér ltharF|the Xolaade meregs eappattéonl4ignal 145 is

rai sed to +VDD. Bec%%egvip%a%s 9 e5¢edd %quéeaagrggg-%qafée 2angneo! t age

detector 18 is disa e nodes connec to the .second egectégdgs of

capacitors 14 aRf 238 Wwe 130 eiefbriq Fiold H7SAHRY &8 CEPREIECF 6l ™Y The

2 ?Ea th e\éo! ; alg a€5§S§of4 iétﬁés.slf‘itﬁ‘@lla@tir%d[e_er k. iANtie esaméc field
ac ' [
e te di o irorrim 4= 16 MidlS 3E1033-0k208 EEbigiome TN (he

electric field further polarizes capacitor 24. The state
of capacitor 24 changés from polarization state 62 to
intermediate state 64 as shown in hysteresis loop 60 of

15 FIG. 2. An electric field created in capacitor 26 by the
voltage across its electrodes is in the opposite
direction from its initial polarization field. The
electric field depolarizes capacitor 26 and may polarize
capacitor 26 in the opposite direction depending on the

20 ratio of the capacitance of capacitor 26 to that of
capacitor 24. The state of capacitor 26 changes from
polarization state 61 to intermediate state 63 as éhown
in hysteresis loop 60 of FIG. 2. In the process, an
amount of polarization charge equal to the charge

25 difference between intermediate state 63 and polarization
state 61 is transferred from capacitor 26 to capacitor
'24. The charge difference between intermediate state 64
and polarization state 62 represents the polarization
charge increase in capacitor 24 and the charge difference

30 Dbetween intermediate state 63 and polarization state 61
represents the polarization charge decrease in capacitor
26. The voltage at the node connected to the second
electrode of capacitor 24 is now equal to the voltage
across capacitor 26, which is less than the voltage

35 across capacitor 24.



its i'nitial polarization field. The electric field 20 depol arizes
capacitor 14 and may polarize capacitor 14 in the opposite direction
depending on the ratio of the capacitance of capacitor 14 to that of
capacitor 16. The state of capacitor 14 changes from pol ari zation state 61
to internediate state 63 as shown in hysteresis loop 60 25 of FIG 2. An
electric field created in capacitor 16 byw3 he voltage across its el ectrodes
is in the same direction as its initial polarization field. The electric

field further pol gri capacj 6.+ The..s f L{QF changes
from pol ari zati onist,:t g:tq 2166%91: 04"%)8'&11 .entdeert(?ecd:logflt&%sgl &t %%ggggts:gghégn in
hyst eresi s | oopm@llaxenEla@y 2ctinathenpsibgeats hé7 campdink4 SHfappdlisd zat i on
charge equal t ' remc €fn | ryeedi i3 and
pol ari zation sﬂthdét reb% E‘S"(l\eh %21%? rtgjr?gl%gr rsgdﬁ?rgg%*%a%%cﬁ&;ri?ﬁ itaéos%capaé'ieetlg_rg' 16. The
charge differdifddaes detepteor Lt éetegrat Ehat athe oo dtardtmitfigistst at e

62, whi ch sepresitiide [1RRAAL], Zahiel £82E88nLPEEEASS tHe sedbhaapaci tor
- 16, and the cha‘liﬁ%g_—%f{ference bet ween .i nt e;ﬂegllllate state 63 and
pol ari zati on & © R cAppEptetehts R PERST i RAN Jhe Ve d@Hedtease in
capaci tor 14, it ssgpeald voleagk ellbetrodée whithges adorrectetiad threonnect ed
to the second %&‘i{}é %Ci%c%&o%p%g' 59h éi‘té% ?EW SRl fPen!dage across
i C hanteha Vol fag or 1

capacitor 16, I's greater age across capaci 14
Li kewi se, the hesie asindmgd ixerosyodtpdei derectar okl @ lies/BD.figstel ectric

field cresped ddtLaRAGd Qo12hdey HHichhesvebhagetacysanit seplaséhedes is
in the sane direction as its initial polarization field. The electric field
further pol arilR%E Sdpa®nESr £8. thressrgpd electrode of capacitor 14

and applies a second data value voltage, which is equal
to ground and represeﬁts logical “zero”, to the second
electrode of capacitor 24. The voltage across capacitor

15 14 is now equal to zero and the state of capacitor 14
changes from intermediate state 63 to neutral state 65 as
shown in hysteresis loop 60 of FIG. 2. The voltage
across capacitor 16 is now equal to +V,; and the state of
capacitor 16 changes from intermediate state 64 to

20 saturation state 66 as shown hysteresis loop 60 of FIG.
2. The voltage across éapacitor 24 is now equal to +Vgp
and the state of capacitor 24 changes from intermediate
state 64 to saturation state 66 as shown in hysteresis
loop 60 of FIG. 2. The voltage across capacitor 26 is

25 now equal to zero and the state of capacitor 26 changes
from intermediate state 63 to neutral state 65 as shown
in hysteresis loop 60 of FIG. 2.

At time t,;9, complementary control signals 143 and

144 place pass gates 12 and 32 in conductive states. The

30 first data value voltage, which represents a logical
value of “one”, is transmitted from the second electrode
of capacitor 14 to node 41 via pass gate 12. Likewise,
the second data value voltage, which represents a logical
value complementary to “one”, is transmitted from the

35 second electrode of capacitor 24 to node 42 via pass gate



of capacitor 24 changes from pol arization state 62 to internedi ate state 64
as ‘'shown in hysteresis loop 60 of 15 FIG 2. An electric field created in
capacitor 26 by the voltage across its electrodes is in the opposite
direction fromits initial polarization field. The electric field
depol ari zes capacitor 26 and may pol arize capacitor 26 in the opposite
direction depending on the 20 ratio of th&4capacitance of capacitor 26 to
that of capacitor 24. The state of capacitor 26 changes from pol ari zation

state 61 10 ntgoedighe 5! 3hea O Aol oW SLELESLS LoR gl FIC 2
In the process, "an anount of polarizdtion charge equal "to e charge 25
di fference bet weegishesrhfdi ate state 63 and polarization state 61 is

transferred from cagactige %j,teoﬁﬁpéﬁéﬁ@aﬁﬂeorﬂﬁlcw 1€l hher gnge
between internmediate_state 64 and pol arization state 62 represents the
pol ari zati on chdfgePlAERcRAES| FRkePHaks 1319 B2 4fd PORsCORALGEIYNRT $ERkRRe 30

belt ween integ ”ﬁﬁ'bdbeﬁit 2beisdlated patdi idaqia'dirto&tsaual ghdr Qpreﬁﬁrﬁédéd hez
pol ari zati on charge crease _in capacitaor . _The_yoltage at the node
connected to théssé58ﬁaggae§f?%d%a 7c%ﬁﬂﬁﬁ;£%nan§22¥s now equal to the
vol tage across capadtt bim@etiawhkeRtprateen signnk Hel dlst agds88 tacivass
capacitor 24.  pnl3.44¢LEOE égfoé@'é?é&?can d&%x%ﬂﬂr ahd h§ af 'f{%-egq@%l t

conpl ementary activation signals 14 | 148 applied to the gate e ect?odes
of MOSFETs 27 af@r2g8, Thepetate el capaqidpr dé& aemginsgigeneetsal tate

voltage at i¢s %krahadthel E88ee ebL i t i1 chaingeBNeebRdshOutdei&econd
el ectrode of capacitor 14, is hlgher,than t he %Pltagg at | ts, second yvol tage
el ect r ode, whi cFtPEScBAnER RALRFIF3lon state 62 as shown in hysteresis

loop 60 of FIG. 2. The voltages across capacitors 24 and
26 are now equal to +Vpp and -Vpp, respectively. The
state of capacitor 24 remains in saturation state 66 and
15 the state of capacitor 26 changes from neutral state 65
to saturation state 67 as shown in hysteresis loop 60 of
FIG. 2. _
At time t;3, restoration signal 146 is lowered to
ground. Likewise, at time t,4, extraction signal 145 is
20 lowered to ground. The voltages across capacitors 14 and
16 change from zero to -Vpp and +V,, respectively. The
state of capacitor 14 changes from neutral state 65 to
saturation state 67 and the state of capacitor 16 changes
from polarization state 62 to saturation state 66 as
25 shown in hysteresis loop 60 of FIG. 2. The voltages
across capacitors 24 and 26 change from +V,p, and ~Vpp,
respectively, to zero. The state of capacitor 24 changes
from saturation state 66 to polarization state 62 and the
state of capacitor 26 changes from saturation state 67 to
30 polarization state 61 as shown in hysteresis loop 60 of
FIG. 2. '
It should be noted that, in accordance with the
present invention, the chronological order of times t,q,
ti1, tiz, ti3, and t;4 is not limited to being exactly the
35 same as that of the-embodiment shown in read section 120
of timing diagram 100. The occurrence of the rising edge



second el ectrode of capacitor 24. MOSFETs 17 and 23 becone conducti ve.

Vol tage detector 18 applies a first 10 data val ue voltage, which is equal
to VDD and represents |ogical "one", to the second el ectrode of capacitor
14 and applies a second data val ue voltage, which is equal to ground and
represents |logical "zero", to the second el ectrode of capacitor 24. The
vol tage across capacitor 15 14 is now eqygl to zero and the state of
capaci tor 14 changes frominternediate state 63 to neutral state 65 as

shown in hyste S Ioog 60 of, FI G 2. The voltage across capacitor 16 is
now equal to +?/§>EF%?\H°’E B AionFl Sacitige tee c RERFSISS §RS nt er medi at e

state 64 to 20oc&@tpénéd OBF SElad eEL6 iagy %a@wmgbetesaﬁlbﬁogléﬂaphﬁ G 2.

e e o298 (kS8 EAR 2 hbpkyad o b S P b7 TR WS 4. L o
shown in hyst eregisténop0 6Ds ainddgéndentlioeE thilet aheoaclogicaipaclavior6 i s
25 I f t f

now €ql4a %ﬂ?ﬁggge O ne&”alsaiﬁ%at‘i g?oa% %1%2 §H§29§§1 E20h time

i nt er medi at’e s eresis | 6op 60 of
FIG 2. At tinku &or Fimgofpl cd@¢t &dfrec Sngr olFay @WlﬂBt&ﬁG 2] q:ﬂlhce pass

gates 12 and 38cd:ﬂr¢]@éﬂé‘§é't\!ﬁn§ttﬁfoe§r ﬂ'ﬂﬁe39u,fbirsafééiﬂati!ﬂéu§1 vol t age,
whi ch represe smtted fromthe second

s,alo cal | u
el ectrode of giib]é%‘l" T%a‘f‘ﬂddgaﬂl"%?‘érp]%%go ﬁ'emﬁ Ly REWFHES tme second
data val ue vol t ageat vﬁ:rlm:él tlgpreamlanenﬁamy caﬁtmw@m@ighaﬁsnﬂ.awahd

"one", is.tran tted fro ﬂ‘ﬁ%&% con ctrode o ac I tor f4 t 0 node
42 vi a pasls ga itl'lc% ’%I' cha? d|e§§| 'c&F5FSF éve %e"r?iu EHEfrom
regi ster 10. in voltage detector 18 being deactivated. The second
electrodes of capacitors 14 and 24 are isolated from the
applied data value voltages. 'Capacitors 14, 16, 24, and
26 remain in their respective states.
15 In a time interval between times t;g and ti;,
discharging signal 149 places MOSFETs 34 and 36 into
conductive states, thereby discharging capacitors 14, 16,
24, and 26. The voltages across capacitors 14, 16, 24,
and 26 are now equal to zero. Thus, capacitors 14 and 26
20 are in polarization state 61 and capacitors 16 and 24 are
in polarization state 62 as shown in hysteresis loop 60
of FIG. 2. It should be noted that, in accordance with
the present invention, discharging capacitors 14, 16, 24,
and 26 is optional. If not discharged, the states of
25 capacitors 14, 16, 24, and 26 change to their respective
polarization states because of the léakage from
ferroelectric capacitors. In either case, a logical
“one” is restored in register 10. ’
In accordance with the present invention, an
30 operation of reading data from register 10 when register
10 stores the second logical wvalue, e.g., “zero”,
includes steps analogous to those for an operation of
reading data from register 10 when register 10 stores the
first logical wvalue. It should be noted that, when
35 register 10 stores a logical “zero”, capacitors 14 and 26
are initially in polarization state 62 and capacitors 16



At time [err], conplenentary control signals 143 and 144 pl ace pass gates
12- and 32 in non-conductive states. 5 Node 41 is isolated fromcapacitors
14 and 16 and node 42 is isolated fromcapacitors 24 and 26. At tine [err],
restoration signal 146 is raised to VDD. The voltages across capacitors 14
and 16 are now equal to zero. The state of capacitor 14 remains in neutral
state 10 65 and the state of capacitor l6l&hanges from saturation state 66
to polarization state 62 as shown in hysteresis |loop 60 of FIG 2. The
vol t ages across_c itors, . q1y2 ar + [err P r]
respectively. THE g?ét%r%fl%laplgag oS%RggggglF%gE% ésg?t[ﬁ abﬁ oalns ?t}g%“gl[ 2‘(%‘ and
15 the state diysteeesiorla® dfardeFIGr ot neheneferear cal®en cheat urati on
state 67 as Sho¥@7&€%%y§5égégﬁéhJ(aa%aﬁgiBBaElgﬁlzisﬁioﬁéf@a[éﬁr vound,
I's

restoration signal owered to ground. Likewse, at time [err],
extraction si gnarighasrerresents)dagdgalo "§e80nd. anFheorRl

capacitors ¥ agigd#1 chemges frfiBetene Wy, [wiidh argpresentk, thespecti vel y.
The state of ca aci-JLor 14 chan%gls f([f'g neut (I:)LaL\ staje 65 to saturation state
67 and the st at & BP-UPAFTOVHE T IT: ?@glf:f"‘ m B8F8rization state 62 to

saturation state 6ByR@b itshxhuulidnhbeysperesistédoph®) afregdiGter. anthe

vol t ages acr ossmgéﬁg&i E%Zwédtlﬁ_gbd(ﬁaq:acq%@g’eahaogé%ﬁ%a@ al 54 - the

respectively, tO Zero. a capaci t or 2 anges from saturation
state 66 to pol segiatévrhaveikesy nravides. st AncasrordpaeetBtRaRhanges

from sat ur atg onpsLatEe 6inténtfon PUrAHrsAlttQRgSHate 64 asastewn tie _
hysteresis loop 60 of FIG 2. It should be noted th in accordance with

. [
the present invERFLgHeT t fires MInhITSHIEA aors(?&geo?m???ﬁgéefew 2[err], and
[err] is not |ipghpeditoveebig Eee! | rHdrefdre, saneeasinpafiatd idefast

erbodi ment shoun, inf.g2d SSEEL Afld??” Y bUg8edhB06 AL dhEn 00U T ence

invention can be modularized and cascaded to construct
15 memory blocks of different sizes depending on the
application. Because a register of a few bits in length
in accordance with the present invention occupies less
area than one row of EEPROM, the present invention -
provides a silicon area efficient alternative to prior
20 art registers. The registers in accordance with the
present invention are especially beneficial in
applications such as, for example, smart card and radio
frequency tag applications, where a small memory block,
e.g., thirty-two bytes in size, or the like, is needed in

25 a very.compact package.



15 of* restoration signal 146, tinme [err], precedes the occurrence of the
falling edge of restoration signal 146, tinme t13. However, the operation of
reading data fromregister 10 is i ndependent of the ical relation
5 anong restoration signal 146, the tinme interval fromtinme [err] to tine

[err], and tine t14. For exanple, time t12 can occur b’wﬂmm

time [err], or after tinme t14. Likew se, tirne t14 can lmlm Wne
[err] or tine [err]. At tine t15, conplenentary activationi sfgn&lssl47 and
10 148 switch off MOSFETs 27 and 28, ﬁgggﬁélvely, resulting in voltage

detector 18 being deactivated. The seco ctrodes of capacitors 14 and
24 are isolated fromthe applied data val ue voltages. Capacitors 14, 16,

24, and 26 remain int [ .a tine interval
between tines t16 %nd Fl%gndﬁég g%%%ﬁré%?%na Jcémlrllasé'es MOSFETs 34 and 36

into conductive statﬁsrsth@¢E®91%P¥nﬂk# |Hﬂ}4§ﬁ&%9196r§eiﬁnt18n baviggq 26.

The vol tages agr 9§§seaa§eb£96aelénd1§ sé’ébn&raie%wd% neie@@dal the zero.
Thus, capacitors 14 aE é qggg ri zatiaqn.state 61. and caga0|tors
16 and 24 are EATH6I & FEEFP fi %?af%u% Th FREGHY 1P &Y EFTE 3SR 60 of
FIG 2. It shoglgnha aﬁﬂedhéhaéconﬂ eremurbﬂﬁxnsmddunﬂed Foesent i nvention,

di schargi ng ca aC|tor 6 is optional. If not discharged,
the states of %g ngapaC|P8r 3€a %fagif and 26 change to their respective

pol ari zation states becauéecapa¢h©0¢emﬂdgéxﬂﬁgﬁﬂﬁéﬂpﬁeF@@?Fﬁé°§abaHF96rs
In either g@ase, :kQgl %ibct988e3aﬁdr58éeé&€’dIénéaﬁloﬁeer wHerdih ageor dance

w th the present invention, an operation of reading _data fromregiste
10 when reglstéﬂrSt electrode is cougled to the secondgélectroéé of g '

first capacitor and the second electrode is coupled for
receiving a restoration signal;
a third capacitor with polarization retention having
15 a first electrode and a second electrode, wherein the
first electrode is coupled to the first electrode of the
first capacitor and the second electrode is coupled for
transmitting a complementary data signal;
a fourth capacitor with polarization retention having
20 a first electrode and a second electrode, wherein the
first electrode is coupled the second electrode of the
third capacitor and the second electrode is coupled to
the second electrode of the second capacitor;
a voltage detector having a first voltage electrode,
25 a second voltage electrode, a first control electrode,
and a second control electrode, wherein the first voltage
electrode is coupled to the second electrode of the first
capacitor and the second voltage electrode is coupled to
the second electrode of the third capacitor;
30 a first switch having a control electrode, a first
current conducting electrode, and a second current
- conducting electrode, wherein the control electrode is
coupled for receiving a first activation signal, the
first current conducting electrode is coupled for
35 receiving a first voltage level, and the second current



10 stores the second | ogical value, e.g., "zero", includes steps analogous
to those for an operation of reading data fron1regrster‘10’ﬁhen regi ster 10

stores the first logical value. It should be noted “ﬁl““ glster
10 stores a logical "zero", capacitors 14 and 26 ar: *g “““
pol ari zation state 62 and capacitors 16 and 2 re tpitfally

pol ari zation state 61 as shown in hysteresls Ioop 60 of FIG 2. Therefore,
“after the reading operation, data signal 141 is lowered to ground, which

represents Ioglggkd g %ﬁ% efQQ?§ éngg@hi%pg%ptgeskg?gk %42 |§ raised to

VDD, which représen Ment ar I"0gi ca zero %W now it
shoul d be appreeﬂ-&FeUOdha@fath%gvcslteﬁgeardﬁfaeqmnodnﬂor Wit ng data into

and readi ng data fr@ms&bsnd eg sl & }{Eﬁ)ﬁ%&%e%o%%ldéﬂecé%ﬂé dance Wi th
the 10 present invention, transmtiing data to and fromthe reglster does

not require a sEHEECRFpFPRYEFtinG eleciirda: v@dhrt SPPABY qREFeRbY e,

accessing dag a b&naaetlﬁgdeee@tﬁad@,f fittdrdiin  thiee cbﬁgrsneé§e@£r<§a@ s esent
i nventi on can be no | zed angd cascaded to, constr bl ocks of

U Trorent St oesCABRURS, FOE oheTREvER 14 GRIUE SRE0HAEeon SLgal orthe o fow
bits in |length fhratcondaent evndudiingredsertiradeydst conpbedufors | ess area

e o o O pEFEE gt BeeBESaE o (N AP AR ReRsSbbha ORuff Gt

efficient alternat ster's regrsters in
accor dance w t hcondupténgneleeivrode oks aaupdsse dicalthy seﬂendcq:emtml

appl|cat|oqg)sugﬁeagroagrogxgﬁgl@blégggtdéggaid%nd radi o frequency tag
applications, where a small nenory block, e.g., thirty-two bytes in size,

or the like, is needed in
2. The non-volatile register of claim 1, wherein the

first capacitor, the second capacitor, the third
capacitor, and the fourth capacitor are ferroelectric
15 capacitors.

3. The non-volatile register of claim 1, wherein the
first switch is an n-channel metal oxide semiconductoxr
field effect transistor and the second switch is a p-

20 channel metal oxide semiconductor field effect

transistor.

4. The non-volatile register of claim 1, wherein the
voltage detector comprises: _

25 a first inverter héving an input, an output, a first
enable electrode, and a second enable electrode, wherein
the input is coupled to the first voltage electrode of
the voltage detector, the output is coupled to the second
voltage electrode of the voltage detector, the first

30 enable electrode is coupled to the first control
electrode of the voltage detector, and the second enable
electrode is coupled to the second control electrode of
the voltage detector; and

~ a second inverter having an input, an output, a first

35 enable electrode, and a second enable electrode, wherein

the input is coupled to the second voltage electrode of



25 a very conpact package. CLAIMS 1. A non-vol atile register,
conmprising: a first capacitor with polarization retention having 5 a first
el ectrode and a second el ectrode, wherein the first

for receiving an extraction signal and the second el j“ﬂ"ﬂlﬂﬂl“lmmmﬂb Tor
transmtting a data signal; a second capacitor with pdlari zati bn Yet*enti on
having 10 a first el ectrode and a second abectrode, wherein the first

el ectrode is coupled to the second el ectrode of the first capacitor and the
second el ectro S recejyving a restorati i nal; a.third
capacitor with %ﬁ ﬁgﬁgﬁoa ;Efgﬁffo SHERPE 88, YR e, elt c?hﬁdglﬁﬁh a
second eIectrodeﬂtmberelacthedéloﬁtthéeletnhe|deuamqmredtbe fhesti r st

o oot rode. Of L Mablicob16RRALRECE 5 AblabiiEs S 155 Ulgehgacoupl ed for
transmtting a conplenent SI a fourt capacitor with

pol ari zation r elestrefenadi hjevodtage sdetratan.odadaitdren seseBAd cBRrbEer ode,
wherein thesfi l3lec@ir8elk 94ecbiptodPtE dehd s EoRltedlr @decel-oliReokhi rd
capacitor and the second el ectrode is coupled to the second el ectrode of

the second capdti® §Pltao¢ofeL§E 88t ector having a first voltage el ectrode,
. 25 a second voltage electrode, a first control electrode and a second

~control el ectrode, _whefpein abhe first vqééqgs el egtrqde |§ upl.ed t? t he
second el ectrode o? th i P 3 %%r Fe secon voltgb Tttt PSde IS
coupled to thefsesﬁndn&bgcerodemprlsﬂ@ third capacitor; 30 a first

swi tch havigg a COQtEﬂhr&'éﬁiéeﬂehaé&ﬁdré“cdﬂﬁf&%“éf%%%%%ﬁk'“Q ehectrode,
and a second current
current conducting electrode, and a second current

conducting electrode, wherein the control electrode is
coupled to the input of the first inverter, the first
current conducting electrode is coupled to the first

15 enable electrode of the first inverter, and the second
current conducting electrode is coupled to the output of
the first inverter; and

a fourth switch having a control electrode, a first

current conducting electrode, and a second current

20 conducting electrode, wherein the control electrode is
coupled to the input of the first inverter, the first
current conducting electrode is coupled to the second
enable electrode of the first inverter, and the second
current conducting electrode is coupled to the output of

25 the first inverter.

6. The non-volatile register of claim 5, wherein the
third switch is an n-channel metal oxide semiconductor
field effect transistor and the fourth switch is a p-

30 channel metal oxide semiconductor field effect

transistor.



conducting el ectrode, wherein the control electrode is coupled for
receiving a first activation signal, the first curr ' trode
is coupled for 35 receiving a first voltage |evel, and the second current
18 conducting el ectrode is coupled to the first cont Uﬂlujsmqmugﬂmg““he
- vol tage detector; and a second switch having a contr s ayrirst
current conducting el ectrode, and a secondggurrent 5 conducting el ectr.ode,
wherein the control electrode is coupled for receiving a second activation
signal, the first cyrrent conductjng .el ectr.ode is_coupled, for, receiving a
second voltage'levey; aﬁ%et?@PEﬁﬂiﬁﬁk¥ﬁuﬁ%§ﬁ§ fﬁhﬁﬁcfygbmef96W¢%ﬁﬁ}qthéJ
coupled to the second tnnérvér ldomedtiesds:ode of the voltage detector. 2. The
non-vol atil e register | ai rein t ILkS bt or e .second
capacitor, the thir% €§%E§i§%§géﬁu? t 4? %bﬁ?gﬁgégp%%gggﬁ&%%b 3%95% ectric
15 capacitors. c8rreht aondyeting |eleayioderr agd el searnd emerenth the first

switch is angn- Eﬁﬁaﬁé{:iﬂ&t &l e O Gl S YHSUNG @S cE:hﬂ:Ql eéié&érécié‘nﬁé stor
and the second switch_.is a p- 20 channel netal _oxi de sem conductor field

ef fect transi st GPUPAedThe 1R 10Uk 9% theyisacondoin¥eRtey 1, thpckiFE the
vol tage det ect ocugebhti 668duddbing elaéctiddd iigheoubtedhesi tige apitdput, an

P | b S oERBS-caThRELFRS e ik SERerEteFaREec “LAg' HiFFaptit o "
detector, the ovupuentscondpteing celdutzeizoric voupdgd tbethe coetmit tdle
vol tage detf§tthetQgcghasinverter; and

a sixth switch having a control electrode, a first

current conducting electrode, and a second current
conducting electrode, wherein the control electrode is
coupled to the input of the second inverter, the first

15 current conducting electrode is coupled to the second
enable electrode of the second inverter, and the second
current conducting electrode is coupled to the output of
the second inverter.

20 8. The non-volatile register of claim 7, wherein the
fifth switch is a n-channel metal oxide semiconductor
field effect transistor and the sixth switch is a p-
channel metal oxide semiconductor field effect
transistor.

25

9. The non-volatile register of claim 1, wherein the
second electrode of the first capacitor is coupled for
transmitting the data signal via a first pass gate and
the second electrode of the third capacitor is coupled

30 for transmitting the complementary data signal via a
second pass gate, wherein the first pass gate includes a
first control electrode coupled for receiving a control
signal, a first data electrode coupled for transmitting
the data signal, and a second data electrode coupled to

35 the second electrode of the first capacitor, and wherein
the second pass gate includes a first control electrode



30 enable electrode is coupled to the first control electrode of the
vol'tage detector, and the second enable el ectrode 'S coupled to the second
control electrode of the voltage detector; and a sec ng an
input, an output, a first 35 enable electrode, and gmmlnﬂ“lﬂml]g“l

el ectrode, wherein the input is coupled to the second+vottage #el ectrode of
19 the voltage detector, the output is cogaled to the first vol tage

el ectrode of the voltage detector, the first enable electrode i's coupled to
the first control tr ode of the vo] t age det ctpr and the second enabl e
5 el ect rode | s CHIHEN 00 FRESIULBRACEE FPBITel TIA & TS Ortge
detector. 5. Thdewnodsd aMMbéeﬂegbsteranémttaimg4theWmnmpﬂemémtaEWr@hta

i nverter conpri d t r ctrode, a
first current 5%' uét.ﬁﬁméfegf%géa dg%% gfggg%%%gdg?ﬁgﬁ% con Sgtlng

el ectrode, whersdiesctupsde @oft the shirdr egpatitevupl ed to the input of the
first inverger, the first current conducting electrode is coupled to the
first 15 enable el ectrode of the first inyerter, and the second current
conduct i ng el ectrod®-i SRS BFPsYoLBLiAE Bﬁ?bﬁ?eﬁf°¥rﬁ9¢¥msﬂ'|W%ﬂ§ﬁﬁ9’ thend a

fourth switch rﬁmﬁgﬁ]pasyagbmelcehgeigade, a first current conducting
el ectrode, and a second current. 20 wher.ei.n t he

control el ectrode i ggﬁBPgchBtFﬂ% ?ﬁ%ﬁ# o) et«gu$ﬁ§iqgrh§gpﬁéylnghg first
current conductdomplemeriteaye coptrolipbidnad; t he second enabl e el ectrode of

the first hgverter , audehas GEE0H AMTIRE!a COMMITT M Lo Tdedg g rEouP! ed

to the output of
current conducting electrode, and a second current

conducting electrode, wherein the control electrode is
coupled to the first control electrode of the first pass
gate, the first current conducting electrode is coupled
15 to the first data electrode of the first pass gate, and
the second current conducting electrode is coupled to the
second data electrode of the first pass gate; and
an eighth switch having a control electrode, a first
current conducting electrode, and a second current
20 conducting electrode,. wherein the control electrode is
coupled to the second contrpl electrode of the first pass
gate, the first current conducting electrode is coupled
to the first data electrode of the first pass gate, and
the second current conducting electrode is coupled to the

25 second data electrode of the first pass gate.

~11. The non-volatile register of claim 10, wherein
the seventh switch is an n-channel metal oxide
semiconductor field effect transistor and the eighth
30 switch is a p-channel metal oxide semiconductor field
effect transistor.



25 the first inverter. 6. The non-volatile register of claim5, wherein
the third switch is an n-channel netal oxide sem conmductor field eTTect

transistor and the fourth switch is a p- 30 channe

sem conductor field effect transistor. 20 7. The "mm“lm ﬁm“lml ster
of claim4, wherein the second inverter conprises: a=fl| L sw teh having a
control electrode, a first current conductg2Rg el ectrode; and a second
current 5 conducting el ectrode, wherein the control electrode is coupled to
t he i nput of the se nverter i_rst. current copndugti el ectrode is
coupled to the firsig ghFen%?é%?%?ﬁéi(ﬁrﬁﬁig 5568% ﬁﬁ%@r? Qﬁ e e

" second current sendndlpagsegetercmmprxse$cupled to the out put of 10 the

second inverter: ang gesbidfeoulion diRddigal capiol FhECHilR A 1 TSt
current conductlng el ectr a second currenht conducting e ectrode
wherein the conEpBPlementabyecertrohifienaly t he input of the second
inverter, the fi rstaASnc@u&é&mél Q@mctdmeels@ﬁﬁaeﬂaueﬁoﬁmm dfxrddie
second enable el ectrode of, the second i nverter,. and the second cunégnt
20

conducting el ectFBRELEECEDRYERE 1D I3 SIEHTEOGL t ReSSRESRIST RTH?

8. The non- volahdla degintelecﬂrmdéurwﬁkremmemhengahe élétbreaetd is a
n- channel netal s g dplc ef f S nd e sixth
switch is a p- aﬁn Eo Eﬁg bt ]Eet séeérﬁecggnldl?cl%%%r §]'E {:ﬁe %ecf' rrégnspa%g(
25 gate, the source electrode is coupled to the first data

10 electrode of the second pass gate, and the drain
electrode is coupled to the second data electrode of the
second pass gate; and

a p-channel metal oxide semiconductor field effect
transistor having a gate electrode, a source electrode,

15 and a drain electrode, wherein the gate electrode is
coupled to the second control electrode of the second
pass gate, the source electrode is coupled to the first
data electrode of the second pass gate, and the drain
electrode is coupled to the second data electrode of the

20 second'pass gate.

13. The non-volatile register of claim 1, further
comprising:
an ninth switch having a control electrode, a first
25 current conducting electrode, and a second current
conducting electrode, wherein the control electrode is
coupled for receiving a discharging signal, the first
current conducting electrode is coupied for receiving the
first voltage level, and the second current conducting
30 electrode is coupled to the second electrode of the first
capacitor; and
a tenth switch having a control electrode, a first
current conducting electrode, and a second current
conducting electrode, wherein the control electrode is
35 coupled for receiving the discharging signal, the first

current conducting electrode is coupled for receiving the



9. The non-vol atile register of claim1, wherein the secand el ectrode of
the first capacitor is coupled for transmtting the data signalvia—a_first
pass gate and the second el ectrode of the third capaclf JU d 30 for
transmtting the conplenmentary data signal via a seco ﬂ{ﬂlg@’ﬁwﬂlel n
the first pass gate includes a first control el ectrode colpl &d s

receiving a control signal, a first data gtectrode coupled for transmtting
the data signal, and a second data el ectrode coupled to 35 the second

el ectrode of the first_ capacjtor, and, wherein the secon i ncl udes
a first contro 1€FECY96538e iﬁie%bjﬁgb&thFeFSB iSPﬁﬁgPﬁe8§%§ éﬁﬁﬁgjgnal, a
first data el eellecdeodeupsedotipted randilie tsergpndhelechpbdaent aklye delpird

signal, and a sgggﬁgtggta el ectrode to the second el ectrode of the third
capacitor. 5 16 € non-vol atile register of claim9, wherein the first
pass gate conprises: a second control electrode coupled for receiving a

conpl ementagy cont §@l &haNabn-+flatile & BN cFWCAmNAYI, Ngheré it I Ol
el ectrode, a first current  conducting elegé{ode, g@d a second cgrre

t
conducting el e&heondnthngwakaht #d dgif (Gt SR 3FE BohpPEES dm?ﬂ%lfirst

control el ectr gggdel skhecbhatttpassigid eaffidur fuiresisistorent conducting

el ectrode is coupled 15 to the first data electrode of the first pass gate,
and the second current conducting electrode is coupled to the second data
el ectrode of the filBEst Apmeshgdt for awndli tineidstteh iqtiot eh nieavivedgakident r ol

el ectrode, ;@ filgh RULT eRLyERRLERLT Ao B854 ke, and a second current

providing the non-volatile register having a first
capacitor with polarization retention having a first
electrode and a second electrode, a second capacitor with
polarization retention having a first electrode and a
15 second electrode, a third capacitor with polarization
retention having a first electrode and a second
electrode, a fourth capacitor with polarization retention
having a first electrode and a second electrode, wherein
the second electrode of the first capacitor is coupled to
20 the first electrode of the second capacitor and the
second electrode of the third capacitor is coupled to the
first electrode of the fourth capacitor;
transmitting a data signal to the second electrode of
the first capacitor and transmitting a complementary data
25 signal to the second electrode of the third capacitor;
applying a first extraction voltage to the first
electrode of the first capacitor and to the first
electrode of the third capacitor;
applying a first restoration voltage to the second
30 electrode of the second capacitor and to the second
electrode of the fourth capacitor;
applying a second extraction voltage to the first
electrode of the first capacitor and to the first
electrode of the third capacitor;



20 conducting el ectrode, wherein the control electrode is coupled to the
second control electrode of the first pass gate, the first current
conducting electrode is coupled to the first data el r st
pass gate, and the second current conducting electrozﬂnlﬁﬂ|%ﬂ""uﬂf “I he 25
second data electrode of the first pass gate. . The*non-vel at i s regi ster
of claim 10, wherein the seventh switch is2an n channel met al oxi de
sem conductor field effect transistor and the eighth 30 smﬁtch is a

p- channel netal oxide_sem.conductor t ffgmt transis % 22 12. The
non-vol atile regi st ePPErYePSi h §SGR rﬁﬁ% PHE B IR tﬁ&?é §afBecBipPides: a
second control ellectrode oﬁuphedsécmndfnapaqnuyraa@dnpbenhataegon@ntroI
signal; 5 UBreBAUNGE FRLAkoox Lol ipduakar fiel d eff ect
transi stor having a gate el ectrode, a source el éctrode, and a drain
el ectrode, wherein iFelaaingctheisenrnd elasksiode p6 the first eapagidior

el ectrode ofst h%nae@_ﬁédsééﬁﬁdgéléetf&ﬁa ORI enaedr @é@abité?uﬁf&ﬂ &9 the
first data 10 el ect, sec pass g e drain_ele trode

5 coupled to t REPLAEONTONEPECCHBEST o Rironds dabec dd thaeaoraYBLak

p- channel net al rexideeseni conductor field effect transistor having a gate
el ectrode, a source electrode, 15 and a drain electrode, wherein the gate
el ectrode is coupled to the second control electrode of the second pass
gate, the source el éétr e inetbodpfexr wwiting fdatat ingpaachentvoliatbiet he
second pass; @at @egdBeekN8sdb0h im&h 00k rOdin 515 0uRk N0 cbhfrs8ERGdc Kt @

el ectrode of the
step of discharging the first capacitor, the second

capacitor, the third capacitor, and the fourth capacitor
after the step of isolating the second electrode of the
first capacitor and the second electrode of the third

15 capacitor.

17. A method for reading data from a non-volatile
register, comprising the steps of:
providing the non-volatile register having a first
20 capacitor with polarization retention having a first
electrode and a second electrode, a second capacitor with
polarization retention having a first electrode and a
second electrode, a third capacitor with polarization
retention having a first electrode and a second
25 electrode, a fourth capacitor with polarization retention
having a first electrode and a second electrode, wherein
the second electrode of the first capacitor is coupled to
the first electrode of the second capacitér and the
second electrode of the third capacitor is coupled to the
30 first electrode of the fourth capacitor; '



20 second pass gate. 13. The non-volatile register of claim1, further
conmprising: an ninth swtch having a control el ectrode;,—af++rst—25——current

conducting el ectrode, and a second current conductiﬂnm mﬁmlg merel n
w t he

the control electrode is coupled for receiving a di
first current conducting electrode is coupled for recetv
and the second current condgcting 30 electrode is coupled
and a tenth switch having a

vol tage | evel
el ectr and a_seco

to the second el ectrode of the first capacitor;
control electrode, a first curr nt conQuct 1 g
é’r’%‘i v ‘Ir&sselt F&HE“ §188tTeP%pl ed

current conductlngggpgfﬁFbﬂg a
recei ving bﬁetﬂesfhasglngpacgnaf,am&etﬁersﬁcdnﬂ'mambtmodéuoflnge

f or
I d f I I dth
oL 1 S e YRR LARaCTRELV bR Lofons e 63k (dA00d, o4 0 (1

second current con
the third capadhtiad C@PaClt0I4an¢héhﬁOWWI@@]IQS!M%toér the Eourkihl3,
wherein thegni plhasMichbeh and the tenth switch are n-channel netal oxide
sem conductor field effect transjistors, 15. A nmethod for witing data into
a non-vol atile 10 9§§F§FEanc6n5+¥%?r@fﬁ?ﬁ??ﬁﬁﬂm?anagﬁrbV'8PH§rFﬁ ging

non-vol ati |l e r eghvdleagearcitgsd thesfoeapiCidpic Midh Mmla Zelitager et enti on
having a first electr a.second. gl ectrode, a second capacitor with

pol ari zati on r &C&EREPo g%aﬁﬁﬁang FRPRYLEPREt rode and a 15 second el ectrode,
a third capacitor wapplpdngr ezdtiret datanvalbwe haoltrage tfa rdte elesoindode and
a second 10 electrode of the first capacitor and applying a second
data value voltage to the second electrode of the third
capacitor, wherein a polarity of a second difference
voltage generated by subtracting the second data value

voltage from the first data value voltage is identical to

15 a polarity of the first difference wvoltage;
sensing the first data value voltage and the second
data value voltage to read a logical value from the non-
volatile register;
applying a first extraction voltage to the first

20 electrode of the first capacitor and to the first

electrode of the third capacitor:; _ _

applying a first restoration voltage to the second
electrode of the second capacitor and to the second
electrode of the fourth capacitor;

25 applying a second extraction voltage to the first
electrode of the first capacitor and to the first
electrode of the third capacitor;

applying a second restoration voltage to'the second
electrode of the second capacitor and to the second

30 electrode of the fourth capacitor; and

35

removing

the first data value voltage applied to the

second electrode of the first capacitor and removing the

second data value voltage applied to the second electrode

of the third capacitor.



el eetrode, a fourth capacitor with polarization retention having a first

el ectrode and a second el ectrode, wherein the second el ectrodeof—the—first

capacitor is coupled to 20 the first el ectrode of the second Caﬁf tmiL and
j econd

the second el ectrode of the third capacitor is coupl ﬁﬂ“mm “ ‘
el ectrode of the fourth capacitor; transmtting a da

el ectrode of the first capacitor and transpgtting a corrpl enentary data 25
signal to the second el ectrode of the third capaC|tor applying a first
extraction vol t age t fir ctrode .of th rst capacit and to the
first electrode of i%e ’Plh?rrﬁe%é‘ﬁgcfie"trorr yldﬁg k??‘?s? %réto‘?’olaﬁq

voltage to the segmatleBOas et brimesti elrofelidiem 48¢ontlerapactherstass dfo t he
second el ectrod pe, & our [ a n [
voltage to the §| rs %t#o%ﬂéfln?cﬁléa | rsat%gglgéagﬁ?oﬁg%% %@ﬁ{&f& o(?

el ectrode of théhehf-ms‘éama@eﬁor an® £hgpslegond alectovede reStthaat i on

vol tage to tfe §€EQH§ 8&16‘&&{12&9 #a té?fro%%c‘%@l@ ‘EQP@E' éPéc@ﬂS’dé QG Rhesecond
el ectrode of the fourth capacitor nd isolatin e_second el ectraqode of

the first capacFPbF 5°%R%Ic ‘H%"s@t%rﬂ*%l%n@délgﬁfﬂéetﬂfr?’%aﬁﬂ%ﬁttrbr from
an applied volt agpatever imcBidss tind asuepst € :non-vol atile register. 16.
The nethod for witin datalnt on; Lle 10.. regist .clainmed in
claim15, further co%‘gl SI% 1'f%ceﬂéctse%p 0 |cr§'c %r‘é?%%a?% = ?Crhs Sfca 3‘C| tor,

t he second capaeileotrodaecf hthed Tiammicidapacidod shd touthd £apstcitor af ter

the step ofyq SOLFLERYoEEC 5 CERD h1Ed RF Il i¥ort; NEnd

applying the second restoration voltage to the second

electrode of the second capacitor and to the second
electrode of the fourth capacitor.

15 19. The method for reading data from a non-volatile
register as claimed in claim 17, further comprising the
step of discharging the first capacitor, the second
capacitor, the third capacitor, and the fourth capacitor
after the step of removing the first data value voltage -

20 and removing the second data value voltage.

20. The method for reading data from a non-volatile
register as claimed in claim 19, wherein the step of
discharging the first capacitor, the second capacitor,

25 the third capacitor, and the fourth capacitor includes
the steps of: '

applying a discharging voltage to the second
electrode of the first capacitor and to the second
electrode of the third capacitor; and

30 removing the discharging voltége applied to the
second electrode of the first capacitor and to the second
electrode of the third capaéitor.



L]

first ‘capacitor and the second el ectrode of the third 15 capacitor. 17. A
net'hod for reading data froma non-volatile register, conprising the steps
of : providing the non-volatile register having a first 20 capacitor with
pol ari zation retention having a first electrode and a second el ectrode, a
second capacitor with polarization retention having a first electrode and a
- second electrode, a third capacitor with pptarization retention having a
first electrode and a second 25 electrode, a fourth capacitor with

pol ari zation rete t sec ode,
wherein the secon(rjﬁcg]? %&g‘ ?RE{#gﬁ‘ﬁ?ﬁéﬁB g§§§9§‘”€o§ Tot %ﬁiﬁ% e first
el ectrode of the second capacitor and tTHEBBTINNnd electrode of the third
capacitor is coupled to the 30 first electrode of the fourth capacitor;.
25 generating a first voltage across the first electrode of the first
capacitor and the second el ectrode of the second capacitor and across the
first electsode of the third cap3etri®F kHdDiIRAYWLrRl ectrode of the
fourth 5 capacitor; generating a first difference voltage by subtracting a
vol tage across the fourth capacitor froma voltage across the second
capaci tor; applyiruyhe1ﬁne99n¢aﬁaveatmenvpkbageescatﬁmn{mﬂmahilkﬂ el ectrode
of the first c j a ign ce vol e to the
second el ect roglpg%jfé‘?%ra{hﬁn %%%pa%e?8§ﬁ 9 9:91@113{% ‘?jaeta n}ta?q aés)econd

di fference vol tzepdijunatatiee friop Siiet mutvnéathbesm%t(alqﬂal udhegl t age

fromthe fhpst gaf@yal up padtagR ilS JrdeBli-68hebfPric capacitors (14,

16) receives a data signal via a first pass gate (12) and

a second pair of ferroelectric capacitors (24, 26)
receives a complementary data signal via a second pass
gate (32). An extraction signal and a restoration signal

15 place the two pairs of.ferroelectric capacitors (14, 16,
24, 26) into their respective polarization states
depending on the data. When reading, the extraction
signal produces a voltage difference in accordance with
the data stored in the register (10) appearing at two

20 voltage electrodes of a voltage detector (18). The
voltage difference is amplified and transmitted from the
register (10) via the two pass gates (12, 32). The
restoration signal restores the data back to the non-
volatile register (10).

25

Figure 1 accompanies this abstract.



/{gﬁa polarity of the first difference voltage; sensing the first data val ue
vel't age and the-second data value voltage to read a |ogical value fromthe
non- volatile register; applying a first extraction voltage to the first 20
el ectrode of the first capacitor and to the first electrode of the third
capacitor; applying a first restoration voltage to the second el ectrode of

. the second capacitor and to the second elgétrode of the fourth capacitor;

25 appl ying a second extraction voltage to the first el ectrode of the
first capacitor and to the first electrode of the third capacitor; applying
a second restoration voltage to the se ¥oD ode of the second

capacitor and to the second 30 electr of the fch@:i to_|t1 and
on

renovi ng t 8 Horst—data—vratte—vortage—e@pl-28 t o t He s&c el ecirode of

the first :zga@"rnr nd renoving the second data valie voltage appl 1@d to

the second gl ectrodel of the third capacitdr. 35 26 18. The thod for
readi ng da m a hon- )/é) atile reqister jas clalimed 1n | ai m 1)/, wherein

the step of generatipg a rst volta he fi | ectrode of the

first capacitor apd-f+he nd el Siﬂj"gg ZL{ sego apac+}-o/ and

~across the firg—¢l rip qf tﬁ, cap&eit ng seCod ehe32rode
of the fourth caph | ingl'udeg|{thelsteps of: fappliy} ng t'rl.' : |

extraction vol #dgp tfg he {ifgH ¢l eclrode of t filrpt capaci a3 phd20 the
first !
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10. ~electi 68€ of the third capacitor; and applying the second restoration
vot'tage to the second el ectrode of the second capacitor and to the second
el ectrode of the fourth capacitor. 15 19. The nethod for reading data
froma non-volatile register as claimed in claim 17, further conprising the
step of discharging the first capacitor, the second capacitor, the third

, capacitor, and the fourth capacitor after 2/ step of renoving the first
data val ue voltage 20 and renoving the second data val ue voltage. 20. The
met hod for reading data froma non-volatile register as clainmed in claim

. 19, wherein the step of discharging the first capacitor, the second
 capacitor, 25 the third capacitor, and the fourth capacitor includes the
steps of: applying a discharging voltage to the second el ectrode of the
first capacitor and to the second el ectrode of the third capacitor; and 30

renoving the dischgrging vpltage gpplied fo thF seanq el ectrpde of the.
first capacitor and to the} secohd ]el ectrofle of]the jhijrd capalitor
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