FERROELECTRI C MEMORY DEVI CES AND METHOD FOR TESTI NG THEM ~This
iﬂﬁ%ntioﬁ relates to ferroelectric nenory devices and a nethod fcﬂbﬁ%@ﬁrhé
. them Recently, a ferroelectric nenory device which inplenqugj
“nonvol atile stored data by using ferroelectric material for a nenory cel
capacitor has been devised. A ferroelectiric capacitor has hysteresis P
properties, so that a remanent polarization of different polarity
according to the electric field history remains even if the electric field
i s zero. Ther effERBOEEECTRIFr MEMORY BEVIGRSOAND MERHIDLEOR EST &N st

pol arization of the ferroelectric capacitor, a nonvolatile nenoYy device

can be i npl €nent ed. In U S Patent No. 4,873,664, two types of

ferroelectric nenory devices are disclosed. in a first t¥§e,,a neqyry cel
Fficegnpn

conpri ses one tradRipsimentian girdagapate derrpetecdAdcyremory one

dummy nenor el l.e., reference cell) is provided for, e.g.,.. 256 main
menory celd éefcl'lqdle.f,gr n'Fﬁer&chglF‘?“)'.

Recently, a ferroelectric memory device which implements
nonvolatile stored data by using ferroelectric material for a
memory cell capacitor has been devised. A ferroelectric capacitor
has hysteresis properties, so that a remanent polarization of
different polarity according to the electric field history remains
even if the electric field is zero. Therefore, by representing
stored data by the remanent polarization of the ferroelectric
capacitbr, a nonvolatile memory device can be implemented.

In U.S. Patent No. 4,873,664, two types of ferroelectric
memory devices are disclosed. In a first type, a memory cell
comprises one transistor and one .capacitor per one bit (1T1C), and
one dummy memory cell (i;e., reference cell) is provided for, e.g.,-
256 main memory cells (i.e., normal cell).

In a second type, a memory comprises two transistors and
two capacitors per one bit (2T2C), and a dummy memory cell is not
provided. A pair of complementary data is stored in a pair of
ferroelectric capacitors.

As the ferroelectric material that forms the capacitor,

KNO., PblLa.0,-Zr0.-TiO,, and PbTi0.-PbZr0,, etc. are known. In the
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official gazette of the PCT International Publication No. WO
93/12542, a ferroelectric material suitable for a ferroelectric
memory device having an extremely small stress compared with PbTiOS-

PbZrO3 is disclosed.



In a second type, a nenory conprises two transistors and two capacitors
per one bit (2T2C), and a dunmy nenory cell is not provided. A pair of
conpl ementary data is stored in a pair of ferroelectric capacitors.

As the ferroelectric material that fornms the capacitor, KNJerr],
PoLa[err]Jerr]-ZrJerr]-Tierr], and PpTierr]-PbzZrJerr], etc. are
known. In the official gazette of the PCT International Publication No.
WO 93/12542, a ferroelectric nmaterial suitable for a ferroelectric menory

devi ce havi ng anpaexérdimgl Yo Stiel hb&d-gent comERNEUC Wiyipe Pbriddlecttic
PbZrJ err] is disclosed.

Accor di ngmémortyhdeabow,caneoférened dduoTyt ¢otl foapaogta@ct(ii.e., ummyy device, a
reference nmenory cell capacitor (i.e., dumy nenory cell capacitor) has,
e.g., tw memdtye cehpaadpeanter) has. , e.d.wi twicehaher eapaaiftancerdiinenenory cel |
capacitor. Also, the size of the reference nenory cell capacitor is
di f f er ent thiegntheaéred) ofea main memory cell capacitor. Also, the size of
the reference memory cell capacitor is different from that of the
main memory cell capacitor. Thus, the size must be determined
according to the performance of the ferroelectric capacitor.
In the conventional 1T1C type ferroelectric memory device,
the size of a reference memory cell capacitor must be set
differently from that of a main memory cell capacitor, however, the
operational margin is reduced particularly at low voltage due to
the performance variation and voltage dependency of the
ferroelectric capacitor. In the 2T2C. type ferroelectric memory
. device, operation is stable at low voltage, but the memory cell
area for one bit is almost twice that of the 1T1C type.
In addition, in the conventional 2T2C type or 1T1C type
device, a margin test for the performance of a ferroelectric
capacitor cannot be done, so that a ferroelectric capacitor having
low performance cannot be removed by screening.
The 1T1C type device has higher integration than the 2T2C
type device, however, the 1T1C type device cannot be saved when it
fails a test, and therefore, the yield declines. On the other
hand, the 2T2C type device has low integration, so that the product
cost is increased.
A ferroelectric memory device of the present invention

comprises first and second bit lines, a first ferroelectric

capacitor connected to the first bit line through a first memory



main menory cell capacitor. Thus, the size nust be determ ned according to
tshe performance of the ferroelectric capacitor. In the
conventional 1T1C type ferroelectric nmenory device, the size of a
reference nmenory cell capacitor nust be set differently fromthat of a
main menory cell capacitor, however, thesg operational margin is reduced
particularly at |ow voltage due to the perfornmance variation and voltage
dependency of the ferroelectric capacitor. In the 2T2C type ferroel ectric

menory de¢illeiraagesedt Wonksititdhkea alainOwenery agel, itsecbad menory cel |

area for one bit is alnost twice that of the 1T1C type. In

addi ti on, fenr¢dleotody ecdpaciadr £oahet vk tor tid Hecopgdebitddine ethraughrayi n t est
for the performance of a ferroelectric capacitor cannot be done, so that a
f er r oel ectsecond aemory ocellatiransistow pensttdtuhing: thanmpin memoesnoedd, gy

screeni ng. The 1T1C type device has higher integration than the
2T2C typdhdediferropbertrdc, capacitvr canpestad i dheasprandpbitahidg when it
fails a test, and therefore, the yield declines. On the other hand, the
2T2C t ype ‘HEQUEE ahABIrd wemary greddi sransds toRgonstd tpt e é Tigkdst i s

| nereased. . erence memory cedt & Fourth Ferrbeleitrit Slpaditol! Exmikebgvention
to the first bit line through a fourth memory cell tramsistor
constituting a second reference memory cell, and a control circuit
for controlling the gates of the first to fourth memory cell
transistors.

The control circuit has the function to control first and
second operation modes. In the first operation mode (i.e., 1T1C
mode), the gate of each transistor of either of a group comprising
the first and third memory cell transistors or a group comprising
the second and fourth memory cell transistors is controlled. 1In
the second operation mode (i.e., 2T2C mode), the gate of either ome.
of the first and second memory cell transistors is controlled.

According to the above-mentioned structure, by switching
the operation between the 1T1C mode and 2T2C mode, a ferroelectric
memory device which has stable operation at a low voltage and high
integration at a high voltage is provided. Preferably, the first
memory cell transistor and the second memory cell transistor are
located adjacent each other. Also, preferably, the ferroelectric
memor& device has a voltage sensing circuit, and the first
operation mode and the second operation mode are switched by a
sensing signal from the voltage sensing circuit.

According to one aspect of a method of testing the



conprises first and second bit lines, a first ferroelectric capacitor

connected to the first bit line through a first nenory

3 cel |

transistor constituting a main nmenmory cell, a second
ferroelectric capacitor connected to the second bit line through a second

menory cell transistor constituting the pain nmenmory cell, a third

ferroelectric capacitor connected to the second bit line through a third
menory cell transistor constituting a first reference nenory cell, a
fourth ferfieeebebddtird ccagmaiyt 86vi@NBectRs preGefiPanvbhiofi knbi Q& ibhr pygh a
fourth menmory cell transistor constituting a second reference nenory cel
and a conttestediircihe sémmdcopératibhngoddle igat e2TRC wdtle,f bagttHed hourth
menory cell transistors. The control circuit has the function to
control fideyicerrhichepassbsopke atesdn inothes 2TR@ ndde isredstefeimtihen node

(i.e., 1T1C node), the gate of each transistor of either of a group
conpri si ndirst operation mode, i.e., 1T1C mode. In this method, a 1T1C type

device can be tested in the 2T2C mode in a short time.

Also, according to another aspect of a testing method of
the present invention, a margin test on a ferroelectric memory
capacitor is done by writing in the 1T1C mode and reading in the
2T2C mode, using two different supply voltages (i.e., first and
second supply voltéges). In this method, only a highly reliable
device can be provided by, for example, removing a ferroelectric
capacitor having low performance by screening.

Furthermore, the 1T1C type and the 2T2C type can be
switched, so that when a device fails a test as the 1T1C type, it
can be commercialized as the 2T2C type. Therefore, improvement in
yield can be expected.

Fig. 1 is a circuit diagram of a ferroelectric memory
device according to a first embodiment of the present invention;

Fig. 2 is a circuit diagram of a control signal generating
circuit of the ferroelectric memory device in Fig. 1;

Fig. 3 is a circuit diagram of a control signal generating
circuit of a ferroelectric memory device according to a second
embodiment of the present invention;

Fig. 4 is a flow chart of a method of testing a
ferroelectric memory device according to a third embodiment of the
present invention;

Fig. 5 is a view showing the hysteresis properties of a



the first and third nmenory cell transistors or a group conprising the
second and fourth nenory cell transistors is controlled. In the second
operation node (i.e., 2T2C node), the gate of either one of the first and
second menory cell transistors is controll ed. According to the
above-nentioned structure, by switching -the operation between the 1T1C
node and 2T2C node, a ferroelectric nendbry device which has stable
operation-at a |low voltage and high integration at a high voltage is
provi ded. fPrededremiiryc ddpacitostin tkedregtceéthdd afisFiggt.od;and t he second
menory cell transistor are |ocated adjacent each other. Also, preferably,
t he ferroel ectri FigmehroisyadElow ehhnt of aokethpd oéntéstgngiacuit, and the
first operation node and the second operation node are sw tched by a
sensi ng stgREPelacHAie HRenpsy tGRyd Coepetarging rtiia fourth embodimendr af nghe o one
aspect of a nethaod of testing the

4  ferroePEB9T 1RE¥RBFPIdevi ce of the present invention, the device is

Fig. 7 is a view showing the hysteresis properties of a
ferroelectric capacitor in the test method of Fig. 6;

Fig. 8 is a view showing the hysteresis properties of a .
ferroelectric capacitor in a method of testing a ferroelectric
memory device according to a fifth embodiment of the present
invention; and

Fig. 9 is a view showing the hysteresis properties of a
ferroelectric capacitor in a method of testing a ferroelectric
memory device according to a sixth embodiment of the present
invention.

The embodiments of the present invention will be described
below in detail by referring to the figures.

Fig. 1 shows a circuit of a ferroelectric memory device
according to a first embodiment of the present invention. Fig. 2.
shows a circuit that generates a control signal MD. This
ferroelectric memory cell can select either an operation mode in
which one transistor and one ferroelectric capacitor constitute one
bit data, or an operation mode in which two transistors and two
ferroelectric capacitors constitute one bit data.

In Fig. 1, WLO-WL255 indicate word lines, DWLO and DWL1
indicate reference word lines, BL and /BL indicate bit lines, CP
indicates a cell plate electrode, DCP indicates a reference cell

plate electrode, BP indicates a bit line precharge control signal,



tested in the second operation node, i.e., 2T2C npde, and then a device
whi ch passes the test in the 2T2C node is tested in the first operation
node, i.e., 1T1C node. In this nethod, a 1T1C type device can be tested in
the 2T2C node in a short tine. Al so, according to another aspect
of a testing nethod of the present inveption, a-margin test on a
ferroelectric menmory capacitor is done Dy witing in the 1T1C node and
reading in the 2T2C node, using two different supply voltages (i.e., first
and secobdEsingicptes|a sgas. anpl ifhes corttholl, signky, V39S dhdycatesi able
devi ce can be provided by, for exanple, renmoving a ferroelectric capacitor
havi ng | o@ﬁ'@?‘?é’@%ﬁﬁ%@- apds A cimdiipgtes a sense ampi i fitemor 60-62%5 1T1C type
and the 2T2 ‘Eype can be switched, so that when a device fails a test as
the 1T1C tl?géc, ey main megoTY oty EPRRG IAOrsasPDEhand TBEI tipdacatmher ef or e,

of a1 or  BEFSRCRC BHERRY o1 L PeY Hoor GPAGUIAS5a. RRILL Gelbocke TR the
present, NP Wicaty  gueth S sube R S hbEtipe S iRl ol > 90
Fig. 31 SQﬁ‘Zﬁ Gl %ef‘éﬁ%‘&a% citiai?l ﬁgﬂérryok:eﬂ gtr{‘aalnsggpoexrsa}t e QnB0 and

QnD1 are referred to reference memory cell transistors.

First, the structure of this ferroelectric memory device
will be described. Bit lines BL and /BL are connected to sense
amplifier SA. Sense amplifier SA is controlled by a sense
amplifier control signal SAE. A first electrode of reference
memory cell capacitor DCO is connected to bit line /BL through
reference memory cell transistor QnD0O whose gate electrode is
connected to reference word line DWLO. A second electrode of
reference memory cell capacitor DCO is connected to reference cell
plate electrode DCP.

A first electrode of reference memory cell capacitor DC1 is
connected to bit line BL through reference memory cell transistor
QnD1 whose gate electrode is connected to reference word line DWL1.

A second electrode of reference memory cell capacitor DCI is
connected to reference cell plate electrode DCP.

A first electrode of main memory cell capacitor CO is
connected to bit line BL through main memory cell transistor QnO
whose gate electrode is connected to word line WLO. A second
electrode of main memory cell capacitor CO is connected to cell

plate electrode CP.

A first electrode of main memory cell capacitor Cl1 is



circuit of a ferroelectric nmenory device according to a second enbodi nent
of the present invention; Fig. 4 is a flowchart of a method of
testing a ferroelectric nmenory device according to a third embodi ment of
the present invention; : Fig. 5is a view show ng the hysteresis
properties of a 7 5 ferroelectric
capacitor in the test nmethod of Fig. 4; Fig. 6 is a flow chart of
a method of testing a ferroelectric memory device according to a fourth
enbodi mentconfected tpresentinenyiintthoough main memdriygcell it3afisvd @y GADW ng t he
hysteresis properties of a ferroelectric capacitor in the test method of
Fig. 6; whose gatg gle@triodeaiyicomnstited g wbmwed HyisteWislsi sApseqmexdt i es of a
ferroelectric capacitor in a method of testing a ferroelectric nenory

devi ce ace&deatrpde: of anairf mrmersh s@il keeapasfi toheClprisseonnedtadetn iced]l and

plate electrode CP.

NOR gates NORO-NOR255 are connected to word lines WLO-
WL255, and NOR gates NOROD and NOR1D are comnected to reference
word lines DWLO and DWL1. NAND gates NANDO-NAND255 are connected
to NORO-NOR255 respectively. NOROL is connected to even-numbered
NOR gates NORO, NOR2, etc., while NOR1L is connected to odd-
numbered NOR gates NOR1, NOR3, etc. These gates constitute a
control circuit for selecting an operation mode by control signal
MD.

Also, a circuit that generates control signal MD for
switching an operation mode comprises a fuse F, an N channel type
MOS transistor Qn, and an inverter INV as shown in Fig. 2. Control
signal MD is a logic voltage “L” when fuse F is not disconnected,
and the signal becomes a logic voltage “H” when fuse F is
disconnected.

When control signal MD is the logic voltage “L”, word line
WLO and reference word line DWLO, for example, are selected to
operate as the 1T1C mode. When control signal MD is the logic
voltage “H”, word lines WLO and WL1, for example, are selected to
operate in the 2T2C mode wﬁile reference word lines DWLO and DWL1
are de-selected.

In the ferroelectric memory device of this embodiment, when
stable operation is difficult in the 1T1C mode due to a decrease in

the operating margin, stable operation can be obtained by switching



Fig. 9 is a view showing the hysteresis properties of a ferroelectric
capacitor in a nethod of testing a ferroelectric nenory device according

to a sixth enbodi nent of the present invention. The enbodi nent s
of the present invention will be described belowin detail by referring to
the figures. Fig. 1 shows a cirgcuit of a ferroelectric nenory

device according to a first enbodi nent of the present invention. Fig. 2.
shows a circuit that generates a control signal MD. This ferroelectric
menory cedd thereT2€l acde ei tThestiar apedat iaodevDele which W @b toaecdptabse st or
and one ferroelectric capacitor constitute one bit data, or an operation
nmode i n vim ¢he t VG madsicsinobes wseful veherf awi bethert ttoi 2T2amadet ors constitute

one bit data. ~In Fig. 1, W.OW.255 indicate word |ines, DWO and
DW.1 i ndiheaeforeaf dmpnotengoidin iyviedd &@in bedexgBictieddi and ghbi pradussds, CP
indicates a cell plate electrode, DCP indicates a reference cell plate

el ect r ode&cosPcamdiecedaced-bit |i ne precharge control signal,

5
Next, a ferroelectric memory device according to a second

embodiment of the present invention will be described. In this
device, the circuit that generates con{rol signal MD for the
ferroelectric memory device in the first embodiment is replaced by
a circuit that uses a voltage sensing signal. In Fig. 3, an
example of the structure of the voltage sensing circuit is shown.
Control signal MD becomes the logic voltage “L” when a supply
voltage VDD is high, and control signal MD becomes the logic
voltage “H” when VDD is low.

In the 1T1C mode, the operating margin decreases
particularly at a low voltage. The ferroelectric memory device of
this embodiment performs high integration operation in the 1T1C
mode when the supply voltage is high, and when the supply voltage
becomes low, the mode is automatically switched to the 2T2C mode
for stable operation. Also, by conducting a test (e.g. a pattern
function test) in the 2T2C mode in a short time as well as
conducting a margin test for the performance of a ferroelectric
memory capacitor, a highly reliable device is provided.

Next, a method of testing a ferroelectric memory device
according to a third embodiment of the present invention and a
ferroelectric memory device with the test function will be
described. In Fig. 4, a flow chart of this test method is shown.

In Fig. 5, the hysteresis properties for the 2T2C mode operation of



6 SAE indicates a sense anplifier control signal, VSS indicates a ground
vol tage, and SA indicates a sense anplifier. CO C255 indicate main nenory
cell capacitors, DCO and DCl indicate reference nenory cell capacitors,
O 255, DO, D1, and QMBPO, BP1 indicate N channel type MOS
transistors. Hereinafter, QO @255 are referred to main nenory cel
transistors, and QDO and QD1 are referred to reference nenory cel

transi stors. First, the structure of this ferroelectric nmenory
devi ce wa lflerbeebesaricbeabadiitor | imehiBliaytdméBlodiie showect asl dhmweense
anplifier SA. Sense amplifier SAis controlled by a sense anplifier
control simiag.SAE.fissti rstfiebectasadés ofondateed nice thee?®ACymode| apdpaci t or
DCO is connected to bit line /BL through reference nmenory cell transistor

DO whosdevjgeeviidc fadle the teshriscrembvas mefarf@idedvigcei ndhew e A
second el ectrode of reference nmenory cell capacitor DCOis_connected to
r ef er encedqvdce passes the first test, a second test is subsequently

conducted in the 1T1C mode, and a device which fails the second

test is determined as a passed device in the 2T2C mode. A device

which also passes the test in the 1T1C mode is determined as a

passed device in the 1T1C mode.

Thus, by employing a test flow using the 2T2C mode, which
requires a shorter test time than the 1T1C mode, a failed device
can be removed earlier. Therefore, considering a wafer as a whole,
the test time can be reduced.

Fig. 5 explains the hysteresis characteristics of the
electric field applied to the ferroelectric capacitor of the memory
cell while the verticél axis represents the electric charge at that
time. In a ferroelectric material, residual polarization indicated -
with point H51 and point 151 remains even when the electric field
is zero. Therefore, a nonvolatile semiconductor memory device is
realized by utilizing the residual polarization remaining in the
ferroelectric capacitor as nonvolatile data even if the power
supply is interrupted.

Using the 2T2C mode, when the data in the memory cell is
“1”, the ferroelectric capacitor on one side of the memory cell is
in the state of point H51 while the ferroelectric capacitor on the
other side is in the state of point L51. When the data in the
memory cell is “0”, the ferroelectric capacitor on one side of the

memory cell is in the state of point L51 while the ferroelectric



pl ate el ectrode DCP. A first electrode of reference nenory cel
capacitor DCl is connected to bit line BL through reference nenory cel
transi stor D1 whose gate electrode is connected to reference word |ine
DW.1. A second electrode of reference nmenory cell capacitor DCl is
connected to reference cell plate electrgde DCP. A first electrode
of main nmenory cell capacitor COis connected to bit line BL through main
menory cell transistor QnO whose gate el ectrode is connected to word |ine
W.O A secapagiter ewt rthdeotfernaide msminytloelsitatapscippint GBli.s kimnécted to
cell plate electrode CP. A first electrode of main nenory cel
capaci t orhasl apsinclination dependent on the value of the bit limp connected to

bit line /BL through main menory cell transistor Qnl whose gate el ectrode
i s connectaRRCi&an®fd |ine W.1. A second electrode of main nenory cell

capacitor Cl is gonnected to [ ] | ate el ectrode
P ﬁhen tﬁe égta “Eﬁ is rgag out, the égta gg read out on bit

line from capacitor and the condition of the ferroelectric
capacitor on one side of the memory cell changes from the state of
point H51 to the state of point H52. The condition of the
ferroelectric capacitor on the other side of the memory cell
changes from the state of point L51 to the state of the point L52.
Thus, the potential difference A V5 between the state of point H52
and the state of point L52 is generated. The potential of point
H52 is amplified to that of point H53, and the potential of point
L52 is amplified to that of point L53. Next, the potential of
point H53 is restored to that of point H54, and the potential of
point L53 is restored to that of point L54 which is equal to point
L51. Next, the potential of point H54 is reset to that of point
H51.

Also, in a test for the 1T1C mode, a writing operation in
the 2T2C mode has already been performed, so that a test in which a
writing operation is not performed and only a reading operation is
performed can be conducted. In this case, the time required for a
writing operation in the 1T1C mode is not necessary, so that the
test time is further reduced. 1In Fig. 4, first, the determination
of pass or fail is done by a test in the 2T2C mode. Alternatively,
a test flow in which only a writing operation is performed in the
2T2C mode and only a reading operation is performed in the 1TiC

mode may be employed. In this case, the test time is reduced to



NCOR gat es NORO- NOR255 are connected to word |ines W.0- W.255, and NOR
gates NOROD and NORLD are connected to reference word |ines DALO and DW.1.
NAND gat es NANDO- NAND255 are connected to NORO- NOR255 respectively. NOROL
i's connected to even-nunbered NOR gates NORO, NOR2, etc., while NORIL is
connected to odd- nunbered NOR gates NOR}, NOR3, etc. These gates
constitute a control circuit for selecting an operation node by control

si gnal AlLso, .a circuit that geperates control ,signal M for
SW t chi ng@asﬁ SB'B?%ﬁqdoﬁlﬁtbcf@eCBﬁﬁ i10e¥NIC L'ig’éﬂli‘,'“éﬂnﬂl FReflitgpe  MoS
transi stor n.inverter . INV_ as ,bn Fig. 2. Control signal MD
Is a logi COR%l?F%g’gs '%E'e r{nﬁgelq;tﬁg ﬁ&%gﬁmnect ed, and the signal
becones a | ogic S H ' ' &8? When
control signal Néﬁkgﬁ?ﬁgnﬁégEQSG%I?ég%ga%ﬁf a€§§3|?§gi EPA%% reference

word |ine JMeQed intﬁxé@él‘%ﬁgéff ﬁ%e%xft@ﬁgggrqﬁg&% 2 688 gelthtgrmode.

When control signal MDis t ogic Vo i nes W.0 and W.1

for exanplmyr ax&mpskd, e€iesk t @he ORSFiBbCCHRHUCHS 2 T3 FPRES Vi kRe raf2er ence word
lines DW.O and 1 are de-selected.

mode, and when the device proves to be a passed device, the mode is

switched to the 1T1C mode to conduct a test. It is also possible

that, first, the device conducts a test in the 1T1C mode, aﬁd when

the device proves to be a failed device, the mode is switched to

the 2T2C mode to conduct a test, and a device which passes the test

is determined as a passed device in the 2T2C mode.

Next, a method of testing a ferroelectric memory device
according to a fourth embodiment of the present invention will be
described. A flow chart of this test method is shown in Fig. 6,
and the hysteresis properties of the operation of a ferroelectric
capacitor are shown in Fig. 7.

As shown in Fig. 6, first, H data is written into memory
cell CO in Fig. 1 at a supply voltage VDD=5 V in the 1T1C mode.
Thus, the state of point H64 changes to the state of point H61 in
the hysteresis curve shown in Fig. 7. Then, H data is written into
memory cell C1 at a supply voltage VDD=3V in the 1T1C mode. Thus,
the state of point L60 changes to the state of point L61 in the
hysteresis curve shown in Fig. 7. Then a reading operation is
performed in the 2T2C mode. Since H data is wfitten at different
supply voltages, H61 and L61 are initial states, which are the same
direction for polarization. When the reading operation is

performed in the 2T2C mode from this state, a potential difference



In the ferroelectric menory device of this enbodi nent, when stable
operation is difficult in the 1T1C node due to a decrease in the operating
mar gi n, stabl e operation can be obtained by sw tching

8 to the 2T2C node. In other words, a device which is not acceptable in
the 1T1C node can be useful when switchel2to 2T2C node. Therefore,

I nprovenent in yield can be expected, and the product cost can be reduced.

Next , f lgctri ; . deyi di di f

the. br osent® LROGREE ot Vi 1T Te - alsts ioearasds - pLs s iaRter REREDEET Thay
' f f I | Gy s | [ h
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. gna econes e logic voltage "L" when a
supply  volémaRdVBP dcreBhily tRNEr&Hide Bhlyi:0Magh MP rfea¢apRS debecéd 00 C

Also, the test method in this embodiment can be applied to
the case in which the ferroelectric memory device has a self-test
function, in addition to the case in which a ferroelectric
capacitor having low performance is screened out using external
test equipment. For example, the ferroelectric memory device may
be provided with function in which, when a mode is switched to a
screening mode, a voltage-dropping circuit is automatically
activated to lower an internal supply voltage, or the voltage of
the cell plate of a memory cell is lowered below the supply voltage .
for conducting a test.

Next, a method of testing a ferroelectric memory device
according to a fifth embodiment of the present invention will be
described. While H.data are written in the 1T1C mode at different
voltages in the above-mentioned fourth embodiment, L data are
written in this embodiment. The hysteresis properties of a
ferroelectric capacitor in the test method of this embodiment is
shown in Fig. 8. H81 and L81 are initial states, which are the
same direction for polarization.

| In this embodiment, potential difference in reading A V8
different from that in the fourth embodiment is obtained, and a
test can be conducted with a test margin suitable for the device in
question. Also, the ferroelectric memory device can be provided

with a self-test function according the test method in this



vol tage "H' when VDD is | ow. In the 1T1C node, the operating
mar gi n decreases particularly at a | ow voltage. The ferroelectric nmenory
device of this enbodi ment perfornms high integration operation in the 1T1C
node when the supply voltage is high, and when the supply voltage becones
| ow, the node is automatically switchediBo the 2T2C node for stable
operation. Also, by conducting a test (e.g. a pattern function test) in
the 2T2C node .in a short time as well as conductin% a margin test for the

per f or manc@befimeter r boiaddition, RynepyOUHFECRET tegtHIQHIOf FEH dBke device
dovl co. adestdPaEod 18 T EauEND EDRIe). BRERIIEBAH 3 (PEFRT T ERN 4
e oel el TR ke 08 8 Ul RSk SBhrb TR P cospribed. 1
gyst eresis pr Operl\}eix%? L%etthgﬁ ng Zt%sr%?gge ao%ff%éﬂ?:t%c memory device
according to a sixth embodiment of the present invention will be
described. While only H data or L data are written in the 1T1C
mode at different voltages in the fourth and fifth embodiments, H
data and L data are respectively written at different voltages in
this embodiment. The hysteresis properties of a ferroelectric
capacitor in the testing method of this embodiment are shown in
Fig. 9.

In this embodiment, different from the fourth or fifth
embodiment, a test can be conducted by a reading method similar to
the normal operation in 2T2C with the margin of potential
difference in reading. H91 and L91 are initial states, which are
the different direction for polarization. The potential difference-
in reading in this case is AV9 in Fig. 9. Also, the ferroelectric
memory device can be provided with a self-test function according
to the test method in this embodiment.

| As mentioned above, according to the present invention, by
switching the operation of the 1T1C type and the 2T2C type. a
ferroelectric memory device which has stable operation at a low
voltage and high integration at a high voltage can be provided.
Also, by conducting a test in a short time and a margin test on a
ferroelectric memory capacitor, a highly reliable device can be

provided.



a ferroelectric capacitor in this test nethod is shown. As shown in Fig.
4, first, a first test is conducted in the 2T2C node, and a device which
fails the test is renoved as a failed device. Wien a device passes the
first test, a second test is subsequently conducted in the 1T1C node, and
a device which fails the second test i¥4determ ned as a passed device in
the 2T2C node. A device which also passes the test in the 1T1C node is
deternine8 as a passed device in the 1T1C node. Thus, by

enpl oyi ngU21™Et f1ow using the 2T2C node, which requires a shorter test
time than the 1T1C node, a failed device can be renoved earlier
Therefore, considering a wafer as a whole, the test tinme can be reduced.

Fig. 5 explains rlheA k?/ezggéféé%g%g@%@g&eg%&i%eg%rorg rfr{;l%g:el ectric field

applied to the férfroe cell while the
vertical axis repEesents gggoclﬂ F,grtrj[ﬁle%harge at that tine. In a
ual  po

ferroelectric material, resi arization indicated wth point H51 and

poi nt L51 remaing gvedt WBeRod R t81€ Ldpatitoe!cdnnbStaetd: sdNeretet ditd
nonvol atil e sem conductor nenory device is realized by utilizing the

resi dual poh@rih#etigl®h faFBt MeidriyNcd e triRsIrereCid e FeaPRUApAE BT
nonvol atil e data even if the power
constituting a main memory cell;

a second ferroelectric capacitor connected to said second
bit line through a second memory cell transistor, said second
capacitor constituting the main memory cell;

a third ferroelectric capacitor connected to said second
bit line through a third memory cell transistor, said third
capacitor constituting a first reference memory cell;

a fourth ferroelectric capacitor connected to said first
bit line through a fourth memory cell transistor, said fourth
¢apacitor constituting a second reference memory cell; and

a control circuit for controlling the gates of said first
to fourth memory cell transistors, said control circuit functioning
to control first and second operation modes, by controlling the
gate of each transistor of either a group comprising said first and
third memory cell transistors or a group comprising said second and
fourth memory cell transistors in said first operation mode, and
controlling the gate of either one of said first and second memory

cell transistors in said second operation mode.

2. The ferroelectric memory device according to claim 1,

wherein said first and second memory cells are located adjacent

S




supply is interrupted. Usi ng the 2T2C node, when the data in the
menory cell is "1", the ferroelectric capacitor on one side of the nenory
cell is in the state of point H51 while the ferroelectric capacitor on the
other side is in the state of point L51. Wen the data in the nenory cel
Is "0", the ferroelectric capacitor on oAb side of the nenory cell is in
the state of point L51 while the ferroelectric .

10 capacitor op the other side is in the state of point H51l. Line L has
an incl i ndt3%n°t¥dendent on the value of the bit line capacitance.

When the data "1" is read out, the data is read out on bit Iine from
capacitor and the condition of the ferroelectric capacitor on one side of

| ~ { f int_ H51.to th t at f i nt
152, The. sondi ti oh o Fe IR LR BbFpl) adBRbF e ebi Bt rTe dide bf the
anSaerr y Ce'ﬂurtﬁ@?%'i)rfiéﬁ[fg tah@oﬂﬁéee SQIISH% WG redt ! 9nbPEirs Rk er Afstt Bfg PO Nt
| second operation modes are controlled by an output signal from said

voltage sensing circuit.

4. The ferroelectric memory device according to claim 1,
wherein the ferroelectric memory device tests itself in said second

operation mode, and then tests itself in said first operation mode.

5. The ferroelectric memory device according to claim 4,
wherein the ferroelectric memory device performs a writing
operation in said second operation mode, and then, performs a

reading operation in said first operation mode.

6. The ferroelectric memory device according to claim 1,
wherein the ferroelectric memory device tests itself in said second
operation mode, and then, tests itself in said first operation mode

if the test in said second dperation mode is passed.

7. The ferroelectric memory device according to claim 1,
wherein the ferroelectric memory device writes da{a into the first
ferroelectric capacitor in said first operation mode using a first
supply voltage, and writes data into the second ferroelectric
capacitor in said first operation mode using a second supply

voltage, and then reads data in said second operation mode.
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Thus, the potential difference A V5 between the state of point H52 and the
state of point L52 is generated. The potential of point H52 is anplified
to that of point H53, and the potential of point L52 is anplified to that
of point L53. Next, the potential of point H53 is restored to that of

poi nt H54, and the potential of point %3 is restored to that of point L54
which is equal to point L51. Next, the potential of point H54 is reset to
that of point H51. Also, in a test for the 1T1C node, a witing
operation in the 2T2C node has al ready been perforned so that a test in

bor for med" can be & ol cieddos fer e Shenyd ?ﬁ&%ﬁé@/ G PR AR e i ting”
1

POrther 2l thE" beTeb i heRGRE BR81 e A bR ffaqs SBES b 12 1S

done by agest fté}rlbgfeg&%g Hé’ﬁa%dt&tﬁ%%gégst gef tonf 4118&& 'uglﬁ\%'ach only

a witing operation 15 peéerforn i ng

oper ati on g sspey A;p?rlgre@onﬂagaheaﬂdmﬁté@@ﬁda@a{ BAtoHRb Qednal N Lhi s case, the

test time 1s re
ferroelectric capacitor in said first operation mode using a second

supply voltage, and then reads data in said second operation mode.

9. The ferroelectric memory device according to claim 1,
wherein the ferroelectric memory device writes L data into the
first ferroelectric capacitor in said first operation mode using a
first supply voltage, and writes L data into the second
ferroelectric capacitor in said first operation mode using a second

supply voltage, and then reads data in said second operation mode.

10. The ferroelectric memory device according to claim 1,
wherein the ferroelectric memory device writes H data into the
first ferroelectric capacitor in said first operation mode using a
first supply voltage, and writes L data into the second
ferroelectric capacitor in said first operation mode using a second

supply voltage, and then reads data in said second operation mode.

11. A method for testing a ferroelectric memory device of
claim 1, comprising testing the device in said second operation

mode, and then, testing the device in said first operation mode.

12. The method according to. claim 11, further comprising

e

R R



75% conpared with the case in which both witing and reading operations
are performed in the 1T1C node. Furthernore, the ferroelectric
menory device can be provided with a self-test function according to this
test method. For exanple, first, the device conducts a self-test in the
2T2C node, and when the device proves td?de a passed device, the node is
switched to the 1T1C node to conduct a test. It is also possible that,
first, the deV|ce conducts a test in the 1T1C node, and when _the device
proves to BRF 8’-‘1%1?8 & "Ba{ing OPPFRt iegén | saisseeord) apgratinn 29de; mede to
conduct a ftest, a .devi ce I ch passes the test . is determned as a
passed deviian: Herf m}ﬁ@' ing operatiomndy Saﬁ r#éfﬁSdORﬁratté%’h“f?&ea
ferroelectric menory device according to a fourth enbodi ment of the
present invention will be described. A flow chart of this test nethod is

shown in Fig. 6capac‘1[ h@&&ﬁ&ﬁf{g@gaﬁ& e”'?&ePect‘rhS iy mg&ﬁc% Pg 6.

ferroelectric are’s

first, H qﬁf&im‘§,VdebE?Qlﬁé"f@S@fﬁﬁ”fﬁe device in said second operation

mode, and then, testing a device which passes the test in said

first operation mode.

14. A method for testing the ferroelectric memory device of
claim 1, comprising writing data into the first ferroelectric
capacitor in said first operation mode using a first supply
voltage, and writing data into the second ferroelectric capacitor
in said first operation mode using a second supply voltage, and

" then reading data in said second operation mode.

15. A method for testing the ferroelectric memory device of-
claim 1, comprising writing H data into the first ferroelectric
capacitor in said first operation mode using a first supply
voltage, and writing H data into the second ferroelectric capacitor
in said first operation mode using a second supply voltage, and

then reading data in said second operation mode.

16. A method for testing the ferroelectric memory device of
claim 1, comprising writing L data into the first ferroelectric
capacitor in said first operation mode using a first supply
voltage, and writing L data into the second ferroelectric capacitor

in said first operation mode using a second supply voltage, and

A




cell G in Fig. 1 at a supply voltage VDD=5 V in the 1T1C node. Thus, the
state of point H64 changes to the state of point H61 in the hysteresis
curve shown in Fig. 7. Then, Hdata is witten into nenory cell Cl at a
supply voltage VDD=3V in the 1T1C node. us, the state of point L60
changes to the state of point L61 in t het hysteresi s curve shown in Fig. 7.
Then a reading operation is perforned in the 2T2C node. Since H data is
witten at differ ply voltages, H61 and L61 are initial states,
which are £188 § ngdfjii%fgtllnoﬁa%rs%ﬁpﬁﬁﬁ%ﬁtéﬁn Wen the readi ng operation
is performed in the 2T2C node fromthis state, a potential difference

12 inreading AV6 in Fig. 7 is obtained. This is snmaller than the

potential differ €, in,th nbodi ment . . Far  exanpl e,
a ferroelectric (;elzcoaél '?oé%?g g\)\f‘ﬁew ﬁﬁﬁ%%ﬂeccgtﬁl EWE%%V&CSy ot
screeni ng I VI’“%@P d t he test
met hod in (%%ilgl gnb ?rgér']%h gg{% flijtca%titn%o ?%%a%?ggg ?errv\ﬁllé’%] e
ferroel ectddactieoPriy d5¥d Cﬁrgi‘so;?er%%%ntnﬁﬁe using a first supply

voltage, and writing L data into the second ferroelectric capacitor

in said first operation mode using a second supply voltage, and

then reading data in said second operation mode.
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function, in addition to the case in which a ferroelectric capacitor
havi ng | ow performance is screened out using external test equi pnent. For
exanple, the ferroelectric nenory device may be provided with function in
whi ch, when a node is switched to a screening node, a voltage-dropping
circuit is automatically activated to |bher an internal supply voltage, or

15 e A Al ok s

vol tage for con I'ng a _ ; _ g a
venti on APTRRCY de SR ABSCHRERRE 100 "are witten i n the 1T1C nbde af.
different voltages in the above-nentioned fourth enbodi ment, L data are
AMEARLEREIR - s I e D s e T RS
I thi's o ety SR OO, ar et B oL TRy B from

that in the figyt theferbach MRAbry Tt @HE®U 1s2Bhribctb@Sto GBebEhd BAYuUCt ed

with a test margin suitable for the device in question. Also, the

ferroel ectrrine (EBEY,Ysdemd @athmdidrpr 11 dC1-C255) are connected to the
second bit line (/BL), and a second reference memory cell (DCl) is
connected to the first bit line (BL). When a first operation mode
is selected by a control circuit comprising NAND gates and NOR
gates, first main memory cells (C0-C254) and first reference memory
cell (DCO) are selected, and when a second operation mode is
selected, first main memory cells (C0-C254) and second main memory
cells (C1-C255) are selected. Thus, by switching the operation
betwéen the two operation modes, a ferroelectric memory device that

has stable operation at a low voltage and high integration at a

high voltage is provided.

FIGURE 1



with a self-test function according the test method in this
13 enbodinment. In addition, by conbining this test nethod with the test
met hod in the fourth enbodi ment, screening of a ferroelectric capacitor

can be perfornmed under plural conditions. Next, a method of
testing a ferroelectric nenory device according to a sixth enbodi nent of
the present invention will be describel/9Wile only H data or L data are

witten in the 1T1IC node at different voltages in the fourth and fifth
enbodi mrents, H data and L data are respectively witten at different
voltages in this enbodinent. The hysteresis properties of a ferroelectric
capacitor in the testing nmethod of this enbodinent are shown in Fig. 9.
In this enbodinment, different fromthe fourth ON<§.BBE enbodi nent, a test
can be conducted by a reading nethod simlar to or mal Rgf]ati on in
2T2C with the margin of potential difference i ading H?i d L91 are
initial states, which are
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the different direction for polarization. The potential difference- in
reading in this case is AV9 in Fig. 9. Also, the ferroelectric nenory
device can be provided with a self-test function according to the test

met hod in this enbodi nent. As mentioned above, according to the
present invention, by swtching the operation of the 1T1C type and the
2T2C type, a ferroelectric menory devpge which has stable operation at a

| ow voltage and high integration at a high voltage can be provided. Al so,
by conducting a test in a short tinme and a margin test on a ferroelectric
menory capacitor, a highly reliable device can be provided.

14 d ai ns: 1. Aferroelectric nenory device conprising:

first and second bit |ines; a first ferroelectric capacitor
connected to said first bit

vDD —%&\
T ean MD

VSS

FIG. 2



line through a first nmenory cell transistor, said first capacitor
constituting a main nenory cell; a second ferroelectric capacitor
connected to said second bit line through a second nenory cell transistor,
said second capacitor constituting the main nenory cell; athird
ferroelectric capacitor connected to saig ?econd bit line through a third
menory cell transistor, said third capac{ or constituting a first
reference nmenory cell; a fourth ferroelectric capacitor connected
to said first bit line through a fourth nmenory cell transistor, said
fourth capacitor constituting a second reference nenory cell; and

a control circuit for controlling the gates of said first to fourth nenory
cell transistors, said control circuit functioning to control first and
second operation nodes, by controlling the gate of each transistor of
either a group conprising said first and third nenory cell transistors or
a group conprising said second and fourth nmenory cell transistars in said
first operation node, and controlling the gate of either one of said first
and second nenory cell transistors in said second operation node.

2. The ferroelectric nenory device according to claima1,
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wherein said first and second nenory cells are | ocated adj acent

15 each other. 3. The ferroelectric nenory device according to
claiml1, further conprising a voltage sensing circuit, wherein the first
and second operation nodes are controlled by an output signal fromsaid
vol tage sensing circuit. 4. The ferroelectric nenory device
according to claiml1l, wherein the ferrg?éectric menory device tests itself
in said second operation node, and the ests itself in said first

oper ati on node. 5. The ferroelectric nenory device according to
claim4, wherein the ferroelectric nenory device performs a witing
operation in said second operation node, and then, perforns a reading
operation in said first operation node.

pattern test

in 2T2C mode
FAIL
PASS
pattern test
in TT1IC mode
FAIL
PASS .l v
GOCD in GOOD in
1T1C mode 2T2C mode NG

FIG, 4



6. The ferroelectric nmenory device according to claim1l1l, wherein the
ferroelectric nenory device tests itself in said second operation node,
and then, tests itself in said first operation node if the test in said
second operation node i s passed. 7. The ferroelectric nenory
device according to claim1, wherein the ferroelectric nmenory device
wites data into the first ferroelectrigggcapacitor in said first operation
node using a first supply voltage, and wites data into the second
ferroelectric capacitor in said first operation node using a second supply
vol tage, and then reads data in said second operation node.

16 8. The ferroelectric nenory device according to claim1l
wherein the ferroelectric nenory device wites H data into the

electric
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first ferroelectric capacitor in said first operation node using a first
supply voltage, and wites H data into the second ferroelectric capacitor
in said first operation node using a second supply voltage, and then reads
data in said second operation node. 9. The ferroelectric nmenory -
device according to claim1, wherein the ferroelectric nmenory device
wites L data into the first ferroel ecéydc capacitor in said first
operation node using a first supply voltage, and wites L data into the
second ferroelectric capacitor in said first operation node using a second
supply voltage, and then reads data in said second operation node.

10. The ferroelectric nenory device according to claiml1, wherein the
ferroelectric menory device wites Hdata into the first ferroelectric
capacitor in said first operation node using a first supply voltage, and
wites L data into the second ferroelectric capacitor in said first
operati-on node using a second supply voltage, and then reads data in said
second operation node. 11. A method for testing a ferroelectric
menory devi ce of

1T1C mode, VDD=5V
write "H' data into memory cell CO

l

1T1C mode, VDD=3V
write "H* data into memory cell Ci1

|

272C mode, VDD=5V
read data from memory cells CO,C1

FIG. 6



claiml, conprising testing the device in said second operation node, and
then, testing the device in said first operation node. 12. The
nmet hod according to claim 11, further conprising

17 performng a witing operation in said second operation node, and
then, performng a reading operation in said first operation node.

13. A method for testing the ferroel ect?/® nmenory device of claiml,
conprising testing the device in said second operation node, and then,
testing a device which passes the test in said first operation node.

14. A method for testing the ferroelectric nmenory device of claiml,
conprising witing data into the first ferroelectric capacitor in said
first operation node using-a first supply voltage, and witing data into
the second ferroelectric capacitor

‘electric
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in said first operation node using a second supply voltage, and then
readi ng data in said second operation node. 15. A nethod for
testing the ferroelectric nenory device of claiml, conprising witing H
data into the first ferroelectric capacitor in said first operation node
using a first supply voltage, and witing H data into the second
ferroelectric capacitor in said first operation node using a second supply
voltage, and then reading data in sai d848cond operation node.

16. A nmethod for testing the ferroelectric nmenory device of claim1,
conprising witing L data into the first ferroelectric capacitor in said
first operation node using a first supply voltage, and witing L data into
the second ferroelectric capacitor in said first operation node using a
second supply voltage, and ‘ 18

then reading data in said second oper aélié)&r%)de.
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17. A method for testing the ferroelectric nmenory device of claiml,
conprising witing Hdata into the first ferroelectric capacitor in said
first operation node using a first supply voltage, and witing L data into
the second ferroelectric capacitor in said first operation node using a
second supply voltage, and then reading data in said second operation
node. 9/9
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