| Charge sensing devices and a matri x-addressabl e nenory device provided
therewith The present invention concerns a charge sensing device conprising
charge reference neans and sense anplifier system particularly for sensing
the 5 charge of a passive addressabl e charge-storing neans. The present

I nvention also concerns a charge sensing gevice for sensing the charges of
a plurality of passive addressable charge storing neans. The present
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electric fiel menor fect exhibi terials wth such bistable
states of renipesaiwherein each memory cell can be selectlvely addressed for a write/read

operation via a word line and bit line, wherein a write operation to a memory

20 cell takes place by establishing a desired polarization state in the cell by
means of a voltage being applied to the cell via the respective word line and
bit line defining the cell, wherein said applied voltage either establishes a
determined polarization state in the memory cell or is able to switch between
the polarization states thereof, wherein a read operation takes place by

25 applying a voltage to the memory cell and detecting at least one electrical
parameter of an output current on the bit lines, and wherein one or more
charge sensing devices according to the invention are provided for sensing
said polarization states of said memory cells during a read operation.

Ferroelectrics which property constitutes a subclass of electrodes are

30 electrically polarizable materials that possess at least two equilibrium
orientations of the spontaneous polarization vector in the absence of an
external electrical field, and in which the spontaneous polarization vector
may be switched between those orientations by an electric field. The memory
effect exhibited by materials with such bistable states of remanent

35 polarization can be used in memory applications. One of the polarization



35 pol arization can be used in nmenory applications. One of the polarization
2 states is considered to be a logic "1" and the other a logic "0". Typical
passive matri x addressing nmenory applications are inplenmented by letting
two sets of parallel electrodes cross eachjother, normally in an orthogonal
fashion, in order to create a matrix of cross-points that can be

I ndividually 5 accessed electrically by selective excitation of the
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The bit lines are further connected to circuitry that senses the charges
flowing between the bit lines and the cells connecting to said bit lines within
a certain period of the timing sequence. This latter circuitry includes sense
amplifiers. Sense amplifiers generally compare the polarization response of
25 memory cells to the value of a voltage or charge reference. A number of
different techniques can be used to create the reference value. Assuming
stable and predictable conditions, a parasitic contribution may in principle be
removed by subtracting a fixed amount of charge from that recorded by the
sense amplifier during the reading cycle. However, the magnitude and
30 variability of the parasitic contribution makes this inappropriate in many
instances. In addition to manufacturing tolerances, the fatigue and imprint
history may vary within wide limits between different cells in the same
memory device and the parasitic current associated with the active bit line
may depend on the actual logic states of the non-addressed cells on that bit
35 line. Thus, reference levels can be obtained from neighbouring cells to deal

with these problems.



may depend on the actual logic states of the non-addressed cells on that bit
35 line. Thus, reference | evels can be obtained from nei ghbouring cells to
deal with these problens. 3 A reference voltage circuit used for

determ ning the polarization state of a feqrroelectric capacitor is
presented in U S. Patent No. 5,218,566 (Papaliolios). The circuit includes
a pair of ferroelectric capacitors, each polarized to an opposite
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gain and do not eve -zero o cancel'l'ati on and excel | ent
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20 reference and array side cascode circuits in which the components are
matched on each side so as to eliminate process, temperature, and other
extraneous variations from influencing the differential output. However, the
teachings of Sheen et al. are reliant on the benefit of a MOS transistor's gain
and do not achieve the auto-zero offset cancellation and excellent charge
25 balance needed.

U.S. Patent No. 5,638,322 (Lacey) describes a pseudo-differential sense
amplifier having improved common-mode noise rejection. The sense
amplifier is connected to a memory cell via an array path and generates an
output signal indicative of the state of the memory cell. The sense amplifier
30 includes an array load device connected via an array node to the array path, a
reference load device connected via a reference node to a reference path, a
differential stage having a first input connected to the reference node, a
second input connected to the array node and an output generating the output
signal. The sense amplifier further includes a balancing device, connected to
35 the reference node, for compensating a change in signal, caused by a noise
event, at the array node and, thus reducing a delay in the response of the



differential stage having a first input connected to the reference node, a
second i nput connected to the array node and an output generating the output
signal. The sense anplifier further includes a bal anci ng device, connected
to 35 the reference node, for conpensatingga change in signal, caused by a
noi se event, at the array node and, thus reducing a delay in the response
of the 4 sense anplifier when a transition in the state of the cell occurs.
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The above objects as well as further features and advantages are also realized
according to the invention with the charge sensing device according to the

20 invention comprising a pair of a first and second charge reference means
connected in parallel and similar to the charge-storing means, said first
charge reference means having the opposite polarization of the second charge
reference means, said first and second charge reference means and the charge
storing means having a common input node; first and second

25 pseudo-differential reference sense amplifiers both being connected with
output nodes of the respective charge reference means, said first and second
pseudo-differential amplifiers being adapted for generating output reference
signals to a common reference node; and a pseudo-differential sense
amplifier having a first input connected with the common reference node for

30 receiving a common reference input signal and a second input for receiving
an output signal from the charge-storing means; whereby the
pseudo-differential sense amplifier is enabled to output a differential positive
or negative sense signal which is converted to a digital logic level indicative
of a polarization state of the charge-storing means depending on the sign of

35 the differential sense signal



30 receiving a comon reference input signal and a second input for
receiving an output signal fromthe charge-storing neans; whereby the
pseudo-di fferential sense anplifier is enabled to output a differenti al
positive or negative sense signal which ig converted to a digital logic
| evel indicative of a polarization state of the charge-storing neans
depending on the sign of 35 the differential sense signal 5 Preferably
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Preferably each pseudo-differential sense amplifier circuit comprises means
for auto-zero offset cancellation.

The above objects as well as further features and advantages are also realized
according to the invention with the charge sensing device according to the

20 invention comprising a pair of a first and second charge reference means
connected in parallel and similar to the charge-storing means, said first
charge reference means having the opposite polarization of the second charge
reference means, said first and second charge reference means and the charge
storing means having a common input node; first and second

25 pseudo-differential reference sense amplifiers both being connected with
output nodes of the respective charge reference means, said first and second
pseudo-differential amplifiers being adapted for generating output reference
signals to a common reference node; and a pseudo-differential sense
amplifier having a first input connected with the common reference node for

30 receiving a common reference input signal and a second input for receiving
an output signal from the charge-storing means; whereby the
pseudo-differential sense amplifier is enabled to output a differential positive
or negative sense signal which is converted to a digital logic level indicative



anplifier having a first input connected with the common reference node for
30 receiving a common reference input signal and a second i nput for
receiving an output signal fromthe charge-storing nmeans; whereby the
pseudo-di fferential sense anplifier is enaly ed to output a differential
positive or negative sense signal which is converted to a digital logic
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mat ri x-address@llube array; a number of consecutive bit lines in the array
defining a segnment of all word line electrodes therein, said nunber of
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20 among the bit lines of array. Alternatively the charge sensing device
advantageously can comprise a multiplexer connected with the bit line
electrodes of the matrix-addressable array; a number of consecutive bit lines
in the array defining a segment of all word line electrodes therein, said
number of segment-defining bit lines corresponding to the number of

25 pseudo-differential sense amplifiers in the charge sensing device; and a pair
of reference bit line electrodes provided adjacent to the bit line electrodes in
each word line segment and connecting pairs of reference charge-storing
means in each word line segment; whereby the charge-storing memory cells
on a single word line electrode of a word line segment may be read in

30 parallel, and all word line segments similarly in turn by applying an
appropriate addressing protocol and multiplexing the bit line electrodes of
selected word line segment to establish their parallel connection to respective
pseudo-differential sense amplifiers of the charge sensing device as
provided.



30 parallel, and all word line segnents simlarly in turn by applying an
appropriate addressing protocol and nultiplexing the bit line el ectrodes of
selected word |ine segnment to establish their parallel connection to
respective pseudo-differential sense anplifiers of the charge sensing
device as provided. 7 Finally, the above-nentioned objects as well as
further features and advantages are realized according to the invention
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20 In another advantageous embodiment of the memory device according to the
present invention the first and second reference amplifier circuits are
preferably adapted for generating an average of a first and a second reference
memory cell output signal to said common node; and the at least one sense
amplifier circuit connected therewith is adapted for comparing the output

25 signal at said common node with the output signal from a memory cell.

Advantageously the at least one sense amplifier circuit and the at least one

sense amplifier circuit are realized with identical amplifier circuitry, and then

preferably the identical amplifier circuitry then comprises a reference side

and an array side, said reference side mirroring the circuit structure of said
30 array side.

In a further advantageous embodiment of the memory device according to the
invention the pseudo-differential sense amplifier system comprises a plurality
of subblocks.



30 array side. In a further advantageous enbodi nent of the nenory device
according to the invention the pseudo-differential sense anplifier system
conprises a plurality of subblocks. 8 1n a yet further advantageous

embodi ment of the menory device according t the invention each subbl ock
conprises a plurality of said sense anplifier <circuits for sensing the

pol ari zation state of a correspondi ng nunber of nenory cells. 5 The present
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figure 2b a pMERIBI ¥ trani ng of a passive matrix with cells containing
ferro- electric material |ocalized between the overlap of crossing el ectrode
lines, fJ gur&hg paeggnddnventagn shabinoaw beraxpjaidediiograatesdsitaid byoneaes pf esent
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i nvention, fi@aependsdadiavger fugurgsant sthigh pseudo-differential sense anplifier
systemas wused in the present invention, 20 figure 6 a schematic bl ock

di agram of a figoes &lsholvay gechematiohydteresis cuaee of di fegrdcdedths Preasent

i nvention, figyre.7 a charge sensing device according to the invention as
provided in a aﬁ%régli’ve matri x arrangenent with crossing electrode |lines
simlar to the arrangenent shown in fig. 2a and with charge-storing neans
connect elf) 25 Bgriedn a praneipde dragying @Eﬂmﬂ@vmm@tg;x-radgm%agleaatfrangctment

enbodi ment  of waiPERIEMG EREIrodeafiisessabl e menmory according to the
invention, and incorporating the charge sensing device of the invention

fi 9 d di. f_a. i i x-addr. I 0
aceor ai ng o RUYS ADneriBripis e PRERE arshsr s PARPERUTE 2805 foFRink, feroor

electric material localized between the overlap of crossing electrode lines,

figure 3 a block diagram of a memory device according to the present
15 invention,

figure 4 a circuit diagram of a preferred embodiment of a pseudo-differential
sense amplifier circuit as used in the present invention,

figure 5 a block diagram of a pseudo-differential sense amplifier system as
used in the present invention,

20 figure 6 a schematic block diagram of a general charge sensing device
according to the present invention,

figure 7 a charge sensing device according to the invention as provided in a
passive matrix arrangement with crossing electrode lines similar to the
arrangement shown in fig. 2a and with charge-storing means connected

25 between the crossing electrode lines,

figure 8 a first embodiment of a passive matrix-addressable memory
according to the invention, and incorporating the charge sensing device of
the invention

figure 9 a second embodiment of a passive matrix-addressable memory
30 according to the invention, and incorporating the charge sensing device of
the invention.



the invention. 9 Before the present invention is explained with reference
to preferred enbodinents, a brief review of its general background shall be
given with particular reference to the hysteresis of ferroelectric
materials and the structure of matrix-addrgessable ferroelectric nmenories. 5
Referring to figure 1, a ferroelectric material wth a hysteresis curve 100
changes its polarization direction upon application of an electric field

that exceedsBthgeaenpit¥ntlihebatiss is ERplaysd Qliftbteefdiotetol Srefb@vd W th the
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1 10 and 5 PR Referting toj jguee baa Semsqelegtrigmatgrial wath abysteaesiy qusved86ct i ng

el ectrodes i | t i ok 1d kfkatl S
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20|0|, g%g fUﬂCV:sO@ﬁCS itlge e@edtﬁtrfﬁ)@lﬂﬁistréhﬂ)v@dpheiﬁo@?riiéﬁon wWitcetaimg gme bhg
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equal s the nomi nal switching voltage Vs. At the sane tinme, the nunerous
word |ines 20Bigamd 29i shawnadnatrix eharthegesallninteesacsingelegtrodeadimessbed nust
be controd | ed, t | t ' D) e cells
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general i zed npRARAI (¥bluh)CIRERBAS 1ifes dsi b iBes 2200 abBi&Natdd Bhe Did LM
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known in the @¥Ve afHiscasaopsFations @ sckegted wor
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ine 202 and one or more bit lines

20 switch a given memory cell 220, see figure 2b, either for defining a given
polarization direction in that cell (writing), or for monitoring the preset
polarization direction (reading). The ferroelectric material layer located
between the electrodes 200, 210 functions like a ferroelectric capacitor 222.
Accordingly, the cell 220 is selected by setting the potentials of the

25 associated word line 202 and bit line 212 (the active lines) such that the
difference equals the nominal switching voltage Vg. At the same time, the
numerous word lines 200 and bit lines 210 that cross at cells 220 not
addressed must be controlled in potential such that the disturbing voltages at
these cells 220 are kept to a minimum.

30 It may be useful to review the overall function and structure of the passive
matrix-addressable memory device in a generalized manner, with reference to
figure 3 and which in the following by way of example is referred to as a
ferroelectric memory, as generally known in the art, while according to the
invention pseudo-differential sense amplifiers then are used for sensing the
35 polarization states of ferroelectric memory cells.



I nvention pseudo-differential sense anplifiers then are used for sensing the
35 polarization states of ferroelectric nmenory cells. 10 Figure 3 shows in
a sinplified block diagramform the structure and/or functional elenents
of a matrix-addressable ferroelectric nenong device according to the
present invention. The nenory macro 310 consists of a nenory array 300, row
and col um decoders 32; 302, sense anplifiers 306, 5 data | atches 308 and
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20 standards. A charge pump mechanism 340 generates some of the voltages

needed to read and write the memory cells.

Specific and preferred embodiments as applied to storing and reading data to
and from ferroelectric memory cells as have been discussed in the foregoing,
shall now be described in relation to the more general problem of sensing the

25 much smaller signals that result from reading of memory cells in passive
matrix addressing memories. Particularly this trait is manifest in the
difference in magnitude of the background currents in the active bit line and
the charge emanating from an active cell being read.

The general solution to inaccurate amplification of the minute input signals
30 as proposed by the present invention is to introduce an elaborate higher-gain
switched-capacitor with auto-zero offset cancellation and excellent charge
balance. This presupposes that a reference voltage is formed by using a pair
of ferroelectric capacitors, each polarized to an opposite polarization state.
The single-ended reference voltage generated from the reference cells can
35 then be used to facilitate the comparison of memory cell signals generated by



of ferroelectric capacitors, each polarized to an opposite polarization
state. The single-ended reference voltage generated fromthe reference
cells can 35 then be used to facilitate the conparison of nenory cel

signals generated by 11 other ferroelectrij¢ capacitors since the background
currents can be nore easily conpensated for. A charge sensing device with a
sense anplifier systemas used with the nenory device according to the

i nvention shabiheh @uBele86dabadithfs Gheaties baé:k%i‘%hﬁw cudkdrts ‘cah e t O
figs. 4 and 5. Fi showsgz.ﬁm rcuit diagram of a pseudo-differential sense
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will therefore represent an average of"a logic 1 and a logic O state. e
resul ting so-eéeneted onthegeparatienaha@plifiesddeciocHRB®, @25 304 Har fignpithei ed by
the pringyy sgps@tidmal hfd&ﬁffiéo&ocibgogadrm S0 prRdentGWEFefcfedtamplifiers
differenti al o%tput Voutdi ff = SA%p - SAoutmis such that the re]p_e[ence
level 20 gi veWhih pifecomncdedir @avml¢lyilpro giferenser Ribdinese tharlgeatenpiraded by
L hte actlveI el e ﬁtth@Qs(llﬁ%récNﬁl L}qg.ewetféhsfmk dffl‘hte}/th ?g%r@héeféﬁr@etceh_

etween a logic 1 an i . Under € assu ion o 00 chi ng
betveen ¢ he DRRPTIGES %9§p§§3t Yot prigilor e Tea cper doon ioee&éhgé%gfww; ff
vol tage correbjaint si@dnichts 3N4actige id wratdmgilegit PAddaht @@hér & WritRA Acti ve
bit line LV\1||. e.centra S manner a. nmenor
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the 1ogit> 1 slagis Oniten fiing e fad pPrationnthereraning vl Gae At Nore BNy o
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capaci tance OIlitIfehr%nﬁgi mslppole\/ ?u;dilffg?/fﬁtpa— IAI(,];tlmeirsSsuch that the reference level
20 given by the difference Vqisr Will offset the charge injected by the active
element at node INR by one-half of the voltage difference between a logic 1
and a logic 0. Under the assumption of a good matching between the bit line
capacitance and the ferroelectric charge the V.4t voltage corresponding to
an active to a logic 1 and a logic 0 on an active bit line BL will be central at
25 0 V. In this manner a memory element in the logic 1 state will have a
Voudift > 0 and a memory element in the logic 0 state a Vuirr < 0. The Vouaisr
voltage is then latched to detect a logic state corresponding to the read data
bit.

It is to be understood that the sense amplifier system in fig. 5 may comprise a
30 large number n of sense amplifiers 500 and hence element 530 in fig. 5
represents the load capacitance of the not shown n—1 sense amplifiers
identical to sense amplifier 500. In a practical embodiment hence the sense
amplifier system as depicted in fig. 5 has one node CHREF which is
connected in common to e.g. 32 active sense amplifiers 500. In other words
35 fig. 5 represents a block of one node CHREF connected to n active sense
amplifiers 500. It is to be understood that n can be chosen suitably large so



i dentical to sense anplifier 500. In a practical enbodi mrent hence the sense
anplifier systemas depicted in fig. 5 has one node CHREF which is
connected in comopn to e.g. 32 active sense anplifiers 500. In other words
35 fig. 5 represents a block of one node CHREF connected to n active sense
anplifiers 500. It is to be understood that n can be chosen suitably | arge
so 12 that the sense anplifier systemas used in the invention may contain
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the circt |figo6t of a single pseudo- dlfferentlal sense anplifier. It is
to be understood that the 10 circuit diagramin fig. 4 is rather schematic
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as such. 15 In a generally preferred enbodi nment of present irvention,
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bal anced and synmetri ﬁ‘al desi g ?r;g Thi s s now be gxpl ained with reference
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this figure shall , also us%g rﬁferrln to the vol'tages Bnthese
nodes. A bi asrqg&résﬁéswr%gpc Vb‘f"é\/‘? ¥pngsarera ey P@ystential e the apgration
transi st or 408f thel§e¢nhse- dripEfiercirenit &oslche transi stor 400 has its source and
substrate coupled to a voltage supply line V33. The drain of transistor 400
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and 404 share a common cont act I ne The I'NP an
i nputs are cosipghawtrigak d.@slggt cdhigshalanow be explamed with reference to the circuit

diagram of the pseudo-differential sense amplifier in fig. 4. In that
20 connection the designation of the various nodes depicted in this figure shall
also be used for referring to the voltages on these nodes.

A bias voltage Vi, is provided at the gate of current source transistor 400.
The p-type current source transistor 400 has its source and substrate coupled
to a voltage supply line V3. The drain of transistor 400 provides bias current
25 to the common-source connection of p-type input differential-pair transistors
402, 404. To help minimize the die area, p-channel devices share common
NWELL bodies wherever the biasing requirements for proper functionality
allow. Hence, transistors 400, 402, and 404 share a common body that is
contacted to line V33. The INP and INM inputs are coupled to the gates of the
30 input differential-pair transistors 402 and 404 respectively. The drains of the
input differential-pair transistors 402 and 404 drive the sources of the
cascode stage transistors 410 and 412 respectively. This cascode stage
dramatically improves the open-loop gain of the sense amplifier. Similarly,
n-channel current-source biasing transistors 438 and 440 are cascoded with
35 n-channel transistors 434 and 436 which also improves the sense-amplifier



30 input differential-pair transistors 402 and 404 respectively. The drains
of the input differential-pair transistors 402 and 404 drive the sources of
the cascode stage transistors 410 and 412 respectively. This cascode stage
dramatically inproves the open-loop gain ofjzthe sense anplifier. Simlarly,
n- channel current-source biasing tran5|stors 438 and 440 are cascoded with
35 n-channel transistors 434 and 436 which al so i nproves the sense-anplifier
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transi stors 4%?, ﬁ%@ dNext, the CVPC and CMCM voltages are pulled to | ow
which turns o switch transistors 430, 432, thereby establishing a

capacitive f e? a](f lﬁ)eps%tepl tgagmengge%do%{r%rentlal sense amplifier circuit comprises a

20 switched capacitor common-mode feedback loop to control the output
common-mode voltage. In other words, the common-mode feedback loop
consists of capacitive elements or transistors 426, 428, n-channel
current-source transistor 438, 440, 434, 436, and n-channel switch transistors
430, 432. At the start of each read cycle, switch transistors 430, 432 are

25 closed (the voltage on nodes CMCP and CMCM is high) which nulls the
voltage on the capacitive feedback transistors 426, 428. Next, the CMPC and
CMCM voltages are pulled to low which turns off the switch transistors 430,
432, thereby establishing a capacitive feedback path from nodes OUTM,
OUTP to node VCM and the gates of transistors 438, 440. Since the

30 capacitive transistors 426, 428 match, only changes in the common-mode
output (OUTP+QOUTM)/2 will be transferred to node VCM, and the negative
feedback thereby keeps the common-mode output voltage constant during the
read cycle.

Also the pseudo-differential sense amplifier circuit comprises means for
35 integral switched capacitor common-mode self-bias generation. The
common-mode self-bias is generated when the switch transistors 430, 432 are



OUTP to node VCM and the gates of transistors 438, 440. Since the 30
capacitive transistors 426, 428 match, only changes in the conmon-node

out put (OQUTP+QUTM /2 will be transferred to node VCM and the negative

f eedback thereby keeps the common-nopde out pgt voltage constant during the
read cycle. Also the pseudo-differential sense anplifier circuit conprises
means for 35 integral switched capacitor common-node sel f-bias generation.
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m nus transisQg. 416 of n-type on the reference side with its gate

A dummy integrator feedback transistor 408 is positioned on the reference
20 side of each amplifier 500, 502, 504 in order to improve symmetry and
balance. This p-type dummy transistor, or dummy gate capacitor, has its gate
coupled to ground 462a and its source, drain and substrate coupled to the
OUTM output. An auto-zero plus transistor 418 of n-type has its gate coupled
to the auto-zero control plus (AZCP) signal, its source coupled to the INM
25 input and its drain coupled to the OUTP output. Similarly, there is an auto-
zero minus transistor 416 of n-type on the reference side with its gate
coupled to the auto-zero control minus (AZCM) signal, with its source
coupled to ground 462a and its drain coupled to the OUTM output. The auto-
zero transistors 416, 418 perform the necessary switching for implementing
30 the auto-zero mode. An n-type latch transistor 420 has its gate coupled to the
latch (LTCH) signal, its source coupled to the INM input and its drain
coupled to the gate of a p-type transistor 422 that functions as an MOS
capacitor connected to node OUTM. At the end of the integration period, a
logic 1 LTCH signal will turn on transistor 420 and connect the capacitive
35 transistor 422 between nodes INM and OUTM, thereby introducing positive
feedback that will ‘latch’ the output to the proper state. For better symmetry,



coupled to the auto-zero control mnus (AZCM signal, with its source
coupled to ground 462a and its drain coupled to the OQUTM out put. The auto
zero transistors 416, 418 performthe necessary switching for inplenenting
30 the auto-zero node. An n-type latch trapsistor 420 has its gate coupl ed
to the latch (LTCH) signal, its source coupled to the INMinput and its
drain coupled to the gate of a p-type transistor 422 that functions as an
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|l evel to CMC Ich turns on n-channel swtc ch transistors
430, 432 are @mm ganead b@flgn@hedﬁ@rﬂlmurpgsw@éhtﬁfdlacgssmam control signal
CMC. This nulls the voltage on capacitive transistors 426, 428 thereby
establ i shi ng hluhad@ehewitthdeansyiolrs 480N432arEUdth cohitMledriy thé@MC signal

of fig. 5 (CMCP and CMCM are shorted in fig. 5). Prior to charge
integration, the voltage on capacitive transistors 426, 428 is zeroed by

20 applying logic 1 level to CMC which turns on n-channel switches 430, 432.
Switch transistors 430, 432 are then turned off on the falling edge of digital
control signal CMC. This nulls the voltage on capacitive transistors 426, 428
thereby establishing the common-mode level at nodes OUTP, OUTM, and
VCM.

25 As mentioned above, there is a common-mode transistor 432 in the amplifier
circuit. This n-type transistor receives the common-mode control plus signal
(CMCP) at its gate while the drain is coupled to the VCM control signal and
the source is coupled to the OUTP output and ground 460e via diode 470e.
The common-mode control minus CMCM signal feeds the gate of another

30 common-mode transistor 430 located on the reference side. This latter n-type
transistor has its drain coupled to the VCM control signal and the source
coupled to the OUTM output and ground 460f via diode 470f.

Cascoding is practiced throughout the pseudo-differential sense amplifier
design to the OUTP and OUTM outputs in order to increase the open-loop



25 As nentioned above, there is a comon-node transistor 432 in the
anplifier circuit. This n-type transistor receives the conmmon-node contr ol
plus signal (CMCP) at its gate while the drain is coupled to the VCM
control signal and the source is coupled §g the OQUTP output and ground 460e
via di ode 470e. The common-node control m nus CMCM signal feeds the gate of
anot her 30 common-node transistor 430 |ocated on the reference side. This
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the output at,QHTE and, R{HE0UNRUYS 8tdhd latch transistors 414, 420 are all "open".
20 The amplifier circuit will integrate the difference between the active bit line

(the node IN in figure 5) and the charge reference (the node CHREEF in figure

5) while in the amplifying mode. The amplifying mode ends with the control

signal LTCH switching back to the "high" logic state, thereby creating a

regenerative feedback and forcing the output at OUTP and OUTM outputs to

25 latch based on the sign of the signal.

In connection with output common-mode voltage control and common-mode
self-bias generation auto-zero offset cancellation is obtained. Specifically
this will take place as follows. At the beginning of each read cycle node
AZCP is pulled high. This closes the switch transistor 418 in each sense and
30 reference amplifier, such that a bias voltage is established on nodes IN, INR
and CHREF and this voltage equals the V, of current source transistors 438,
440. After nodes CMCP and CMCM are pulled low with node AZCP
remaining high, a small input offset voltage difference
IN-INR=[(IN-CHREF)-(INR-CHREF)] appears between all active bit lines
35 and their associated reference. Next, after node AZCP is pulled low, this
offset voltage difference is sampled and held on the bit line capacitance,



25 |l atch based on the sign of the signal. In connection wi th output

common- node vol tage control and common-node self-bias generation auto-zero
of fset cancellation is obtained. Specifically this will take place as
follows. At the beginning of each read cyc|{e node AZCP is pulled high. This
closes the switch transistor 418 in each sense and 30 reference anplifier,
such that a bias voltage is established on nodes IN, INR and CHREF and this
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buffered INR signal to node CHREF. The two reference amplifiers 502, 504

and the first sense amplifier 500 all have a structure corresponding to that

20 described in figure 4. The node CHREF, also known as the charge reference

node, is the average of the charge associated with a logic "1" and a logic "0".

In figure 5, the first reference bit line 508 corresponds to the charge of a

logic "0" and the second reference bit line 510 corresponds to the charge of a

logic "1". It should be noted that control signals AZCM and LTCH of the two

25 reference amplifiers 502, 504 are coupled to grounds 528a, 528b.

The first reference amplifier 502 in parallel with the second reference
amplifier 504 provide a buffered copy of the INR node to the CHREF node
which subsequently serves as a common reference input to a group of sense
amplifiers sharing the same CHREF signal. Figure 5 shows only a first sense
30 amplifier 500 from the mentioned group of sense amplifiers. Loading by the
other sense amplifiers is included schematically with the CSAIN capacitor
530, schematically comprising capacitor 532 and ground 534. The first sense
amplifier 500 will then amplify the difference between its associated bit line
506, labelled as node IN, and the CHREF node. The output of the first sense
35 amplifier 500 is taken differentially between the nodes SA,,, and SA i, and



logic "0" and the second reference bit Iine 510 corresponds to the charge of
a logic "1". It should be noted that control signals AZCM and LTCH of the
two 25 reference anplifiers 502, 504 are coupled to grounds 528a, 528b. The
first reference anplifier 502 in parallel ywth the second reference
anplifier 504 provide a buffered copy of the INR node to the CHREF node

whi ch subsequently serves as a conmon reference input to a group of sense
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20 sensing device with a sense amplifier system is shown in fig. 6, which can be
regarded as a more generalized version of the embodiment in fig. 5, but with
only a single charge storing means or capacitor 601 corresponding to the
capacitor 512a in fig. 5. First and second charge reference means 600a, 600b
are connected to the common input node AWL, which also is the input node

25 of the capacitor 601. The charge reference means 600a, 600b corresponds to
the capacitors 514a, 516a in fig. 5. The charge references means 600a, 600b
have respective output nodes RBL;, RBL, which are short-circuited between
the nodes INR and connected to input INM on each pseudo-differential
reference sense amplifier RSA;, RSA, which thus are connected in parallel

30 and of course corresponds to the pseudo-differential sense amplifiers 502,
504 in fig. 5. The pseudo-differential reference sense amplifiers RSA;, RSA,
have a common output node CHREF, which is connected with a reference
input INP on a pseudo-differential sense amplifier SA. The charge storing
means 601, the capacitance of which shall be sensed, has an output node

35 ABL connected to an input on the sense amplifier SA. The connections in the
arrangement in fig. 6 are in all respects similar to those in fig. 5 apart from



only a single charge storing nmeans or capacitor 601 corresponding to the
capacitor 512a in fig. 5. First and second charge reference neans 600a, 600b
are connected to the conmon input node AW, which also is the input node 25
of the capacitor 601. The charge referencejgeans 600a, 600b corresponds to
the capacitors 514a, 516a in fig. 5. The charge references neans 600a, 600b
have respective out put nodes RBL1, RBL2 which are short-circuited between

t he nodes INRhmcﬁgcaﬂ ectinglé @ha ohNylrﬁsamdm Ragudomgid f erenti al
reference sense thus are connected in parallel 30
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20 respects similar to those of fig. 5 and in conformity with this figure a
plurality of sense amplifiers SA;,...SA, is provided connected via their inputs
IN with the respective common output nodes BL,,...BL,, of the charge storing
means 701. The common reference node CHREF is connected with input
node INP of the respective sense amplifiers SA,,...SA,. By comparing figs. 5
25 and 7 it will be seen that the latter actually has the same generic layout, but
with the individual charge reference means and the charge storing means as
well as the n sense amplifiers SA specifically depicted.

Fig. 7 shows how charge sensing device according to the present invention is
embodied in a passive matrix-addressable arrangement where the common

30 input nodes WL,...WL,;, can be regarded as the word lines and the common
output nodes RBL, RBL,; BL,...BL, can be regarded of the bit lines in an
m-n matrix comprising of course m-n charge storing means 701 which then
could be the memory cells of the passive ferroelectric memory matrix, while
the appropriate charge references are provides by the m pairs of charge

35 reference means 700 with the respective common output nodes RBL;, RBL,
which are reference bit lines of the memory matrix.



20 respects simlar to those of fig. 5 and in conformty with this figure a
plurality of sense anplifiers SAlL.... SA" is provided connected via their
inputs INwth the respective conmon output nodes BL1li...BL" of the charge
storing neans 701. The common reference ngge CHREF is connected w th input
node I NP of the respective sense anplifiers SAl.... SA,,. By conparing figs.
525 and 7 it will be seen that the latter actually has the sane generic
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and of course  connecte he same manner as Vi a common nodes
the referencéingdpavwrdidpng of the memorysdeyicanHamexset anbodimgns agshawg | |

be 20 in fig. 8 is preferable and desirable in order to provide an improved

stabilization of the referencing procedure. This is done by dividing the sense
amplifier block into identical subblocks SB, each subblock comprising a
plurality k of sense amplifiers SA connectable to a similar number k of bit
lines and two reference sense amplifiers RSA;, RSA, in each subblock SB

25 connectable to respectively the two reference bit lines of the pair P/RBL
adjoining the memory bit lines BL assigned to the subblock SB. The
reference bit lines RBL are forming the common output nodes of respective
pair of reference memory cells 800. Hence with an appropriate number q of
subblocks SB provided for parallel readout of all memory cells 801 on a

30 single word line WL there will now in addition be pairs P/RBL of reference
bit lines RBL, the number q of such pairs corresponding to the number q of
subblocks. The effect is of course to distribute the reference bit lines RBL
and reference memory cells 800 at specified positions throughout the memory
matrix and increase the reliability of the referencing, as the contributions

35 from sneak currents, disturb voltages, parasitic capacitances etc. to the actual
polarization values read out from the memory cells 801 may vary over the
memory array.



provided for a full rowread, i.e. the parallel readout of all nenory cells
on a single word line of the nenory device. However, an enbodi nent as shown
20 in fig. 8 is preferable and desirable in order to provide an inproved
stabilization of the referencing procedurep;This is done by dividing the
sense anplifier block into identical subblocks SB, each subbl ock conprising
a plurality k of sense anplifiers SA connectable to a simlar nunber k of
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lines BL in each word line segment. A multiplexer MUX or pass gate means
20 is used for connecting the bit lines BL of each segment to corresponding
sense amplifiers SA in the sense amplifierblock. Hence all memory cells on a
word line segment can be read in parallel, and by e.g. multiplexing, the same
sense amplifiers now can be used for readout in parallel of each following
word line segment in turn. This, of course, implies that the pair of reference
25 sense amplifiers RSA|, RSA, in the sense amplifier system or block similarly
shall be connectable via the multiplexer MUX or pass gate means to the pair
P/RBL of reference bit lines RBL for each word line segment. Specifically
the arrangement will be such that the first sense amplifier SA; of the sense
amplifier block senses the first bit line BL, in the first word line segment, the
30 first bit line BL,,; in the second word line segment and so on, the second
sense amplifier SA, of the sense amplifier system the second bit line BL, of
the first line segment, the second bit line BLy., of the second segment and so
on.

It shall be understood that a typical application of the charge sensing device
35 in the memory device according to the invention can involve the use of a
large number of sense amplifier blocks and also the use of a large number of



15 in fig. 9, where the nenory cells located at word and bit |ine crossings
for clarity's sake are not shown. A charge sensing device conprising a

sense anplifier system (or a single sense anplifier block) will now be
provided wth a nunber k of sense anplifiess SA corresponding to the number
k of bit lines BL in each word line segnent. A nultiplexer MJX or pass gate

means 20 is used for connecting the bit lines BL of each segnent to
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20 word line segment readout. However, in an embodiment of the sense

amplifier system in the memory device according to the invention only a
single reference sense amplifier and a single reference bit line may be
envisaged in the case where memory cells are read randomly and not in
parallel. In this case, however, a pre-read cycle must be employed setting the
25 reference memory cell on the active word line to either of the polarization
states in turn and obtaining a reference value for each whereby the average
thereof can be generated and input as a reference to the sense amplifier.

It will from what is said immediately hereinabove be appreciated by persons
skilled in the art that the preceding detailed discussion of the preferred

30 embodiment of the sense amplifier system in the memory device according to
the invention has been given by way of example only, and should be evident
that the charge sensing device can be modified in various ways without
deviating from spirit or the scope of the present invention as defined in the

claims appended hereto.



readout, either a polarization reversal or not shall take place in the
menory cell. In the first case a |large output, e.g. current signal, is
obtai ned and the 15 second case only a small output signal is obtained. An
average of these output signals is generabgd and conpared with the actual
readout values from the data storing nenory cells, the logic state thereof
being given by the output either being |arger or smaller than the average
ref erence val gg,AINgsherally two reference cells shall be needed for a full
row readout or a full 20 word |ine segnent readout. However, in an
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CLAIMB 1. A cR&igecqiust % %Jép%%ﬁi%ﬁﬁ% 5&2 fibe drenectpichah
sg gse aglpl i f t&%r@tﬁ%ﬁ?eﬁ@@rs‘ahd: Wirat hiyd séﬁnﬁpi@id@ﬂ?thﬂﬁ@rgﬁhﬁﬂ dgnplifi@rsARSA pe
addr essabl e stori.n erein.the device conprises a palr
o o tirat 5 Baddding adngiegortt deucarite REEHE TEYSRCE SHAS EoAreuvaan
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ref erencge. nea avi ng the ap ari zation o
Char ge 57 or ohRunARE Hattspuheed Pithahe shirdbn SRbArERar pooP drIEREL fbans
(600a, 600b) seuitvimg a comngen $¢fereme: ngmmmgmhhdhavemgqchnqmnfon récgivingnode
(AW); first and ecan do-di fferenti al sen lifiers
(RSAli Reno) BOCHPWETEGEERREDIC e hneer Bl ne R RGBT o1 't e
respective chpsgelo-défifercaningé sersmampddiat (SiA)sis andlekooodtput a differential
pseudo-differ SggiltﬁJe Méégti\?er §en(s|§%éﬁal which is converted to a digital logic level
20 indicative of a polarization state of the charge-storing means depending on

the sign of the differential sense signal.2. A charge sensing device

according to claim 1,

characterized by both the pseudo-differential reference sense amplifiers

(RSA,; RSA,) and the pseudo-differential sense amplifier (SA) being

25 identical pseudo-differential sense amplifier circuits.

3. A charge sensing device according to claim 2, characterized in that
each pseudo-differential sense amplifier (RSA;; RSA,) circuit comprises
input differential pair transistors (402, 404) connected with a pair of
cascoded transistors (410, 412), and current source biasing pair transistors

30 cascoded (438, 440) with a pair of transistors (434, 436), said cascoding in
each case increasing sense amplifier open-loop gain.

4. A charge sensing device according to claim 3, characterized in the
input transistors (402, 404) being p-channel transistors and the current source
transistors n-channel transistors (438, 440), or vice versa.



RSA2) bei ng adapted for generating output reference signals to a common
reference node (CHREF); and a pseudo-differential sense anplifier (SA) 15
having a first input connected with the conmon reference node (CHREF) for
recei ving a common reference input signal agad a second input for receiving
an out put signal fromthe charge-storing neans (601); whereby the
pseudo-differential sense anplifier (SA) is enabled to output a differential

Ioosi Iti \2/8 _Ord_nﬁ.gflffiAecflgd?gé%efiki%!gad?\m&@Bg{:él‘ﬂiﬁ@?ﬂ@%ﬁiﬁﬂ%}0 a ditgi tal logic
eve i ndicative of a polarization state of. the charge:-storin s
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devi ce accor 8ANGontprisai asdmi-Gadaraeidediad edphy (INR,MINNE wikudealdhtéedant i al

ref erence sense, a i £ Ali RSA2) and the pseudo-differential sense
anplifier (SA?Utﬁ’é'irgKéﬁgg’is%gﬁcal pseudo-differential sense anplifier
circuits. 3. A charge sensing device accordi ng to claim2, characterized in
that each ps@udo-4i¢lfasgesensingsdgidec appondingfo cREmI2, RSA2) circuit

conprises | ngntra@ickfRuSRthat chah Bséﬁ@dlaiﬁ&&&ﬁiamﬁse é&@ﬁ&&g?&h?ﬁs hth a
pair of cascoded transistaors, (410, 412), and. current source biasi ((); air
transistors 3ePMREseHASWIEGd qappciigr emmpenifeedbackdnepdiaps 428343048,

sai d cascodi ng34 y3&ardg, .t'brlﬁfn‘ﬁ'fb?lid’iﬂpt§1§%‘9§1ﬁn?dﬂf’hiofd'e,e&ol‘i‘epg‘é‘.'I oop gain. 4. A
charge sensing devi e according to claim3, characterized in the input

transi stors (402, 40 i.ng.p-channel transistors agd the current source
transistors n?l‘chan%e(ﬂ}atrggr?gﬁ§1?1§r(iev(lﬁ§§?c91r 5?‘6195%}% >versa. 24 5. A charge
sensi ng devi ceh@macwritiedgnt that bachmpReuddrdiffetentiat adns e amipdifieadhcuit (SA)

pseudo-di ffer L.l i §ih j i 2A ri

Cor - bal ancect anaseh iR TRO: g G iiblnl ST hed Whaf ROB oo ansels
QUTP). 5 6. Asdfdmafegererating. devi ce according to claim 2, characterized in
that each pseudo-differential sense anplifier circuit (SA) conprises a

swi t ched capagi t or ACSHuTRB sbasigbd®Kcé aePordid® 10 ¢88m 430, 432, 434, 436,
438, 440) to control . outpu 0 n node voltage. 7. A charge sensi evi ce
According 1o Criaes7eddhaf SACEPrSup-OHTHIIAL sERSOSBUTE: SranEAEAd
sense and i fiesmeptisesiah ihfeiral posipiviesesd RS atch3X204322)f or i nt egral
swi t ched capacitor conmon node self-bias generation.

9. A charge sensing device according to claim 2,

characterized in that each pseudo-differential sense amplifier circuit (SA)

comprises means for auto-zero offset cancellation.

10. A charge sensing device for sensing the charges of a plurality of

20 passive addressable charge-storing means (701), and comprising at least two
pairs of a first and a second charge reference means (700) similar to the
charge-storing means (701), said first charge reference means(700. ;) having
the opposite polarization of the second charge reference means (700.,); each
of said at least two pairs of charge reference means having a common input

25 node (WL) and a pair of common output nodes (RBL;, RBL,) respectively
connected with said first and said second charge reference means (700) in
each of said at least two pairs thereof, each common input node (WL) of said
at least two pairs of charge reference means (700) moreover being connected
with at least two charge-storing means (701); first and second

30 pseudo-differential reference sense amplifiers (RSA;; RSA,) being
respectively connected with the first common output node (RBL;) and the
second common output node (RBL,) of the charge reference means (700),
said first and second pseudo-differential reference sense amplifiers (RSA;;
RSA,) being adapted for generating output reference signals to a common



8. A charge sensing device according to claim2, characterized in that each
pseudo-di fferential sense anplifier circuit (SA) 15 conprises an integral
positive feed-back latch (420, 422). 9. A charge sensing device according to
claim2, characterized in that each pseudosdlifferential sense anplifier
circuit (SA) conprises neans for auto-zero offset cancellation. 10. A
charge sensing device for sensing the charges of a plurality of 20 passive
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20 common output nodes (BL) of the charge storing means forming bit-line

electrodes of said matrix-addressable array; each of the reference bit-line
electrodes (RBL;, RBL,) being assigned to the first and second
pseudo-differential reference sense amplifiers (RSA;; RSA,) respectively;
and each of the other bit-line electrodes (BL) being assigned to one of the

25 pseudo-differential sense amplifiers (SA), whereby in a readout cycle a
polarization state of respective selected charge-storing memory cells (701)
can be detected either sequentially or in parallel and compared with a
reference value.

12. A charge sensing device according to claim 11,

30 characterized in the charge sensing device being provided as a subblock (SB)
in a block of more than one charge sensing device of this kind, such that the
sense amplifiers (RSA, SA) of a subblock are assigned to a corresponding
number of bit-line electrodes (BL) in the matrix-addressable array; and the
pair of reference bit lines (P/RBL) of respective subblocks (SB) being

35 distributed among the bit lines (BL) of array.
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whereby the charge-stori on a si e Wor
el ectrode (W aneledrically polarlzable dlelectrlc memory material exh1b1t1ng hysteresis,

particularly a ferroelectric or electret material, wherein said memory material

20 is provided in a layer contacting a first set and second set of respective
parallel addressing electrodes (WL;BL), wherein the electrodes (WL) of the
first set constitute word lines of the memory device and are provided in
substantially orthogonal relationship to the electrodes (BL) of the second set,
the latter constituting bit lines of the memory device, wherein memory cells

25 (801) with a capacitor-like structure are defined in the memory material at
the crossings between word lines and bit lines, wherein each memory cell can
be selectively addressed for a write/read operation via a word line (WL) and
bit line (BL), wherein a write operation to a memory cell (801) takes place by
establishing a desired polarization state in the cell by means of a voltage

30 being applied to the cell via the respective word line and bit line defining the
cell, wherein said applied voltage either establishes a determined polarization
state in the memory cell (801) or is able to switch between the polarization
states thereof, wherein a read operation takes place by applying a voltage to
the memory cell (801) and detecting at least one electrical parameter of an

35 output current on the bit lines (BL), wherein at least one charge sensing
device according to claim 11 is provided for sensing said polarization states
of said memory cells (801) during a read operation, and wherein said memory



word line segnent may be read in parallel, and all word |ine segnents
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said read operation, said
16. A memory device according to claim 16, characterized in that the first

20 and the second reference sense amplifier circuits (RSA |, RSA,) are adapted
for generating an average of a first and a second reference memory cell
output signal to said common node (CHREF), and that said at least one sense
amplifier circuit (SA) connected therewith is adapted for comparing the
output signal at said common node (CHREF) with the output signal from a

25 memory cell (801).

17. A memory device according to claim 14, characterized in that said at
least one sense amplifier circuit (SA) and said at least one reference sense
amplifier circuit (RSA) are realized with identical amplifier circuitry.

18. A memory device according to claim 17, characterized in that said
30 identical amplifier circuitry (SA, RSA) comprises a reference side and an
array side, said reference side mirroring the circuit structure of said array

side.



reference ferroelectric nmenory cells (800) having opposite polarization 10
states, said pseudo-differential reference sense anplifier circuit (RSAl
RSA2) being connected with said at | east one pseudo-differential sense
anplifier circuit (SA) via a conmon node (4%REF). 15. A nmenory device
according to claim 14, characterized in that said at |east one system
subbl ock (SB) conprises a plurality of said pseudo 15 differential sense

anplifier cirgai tSA(Iﬁé)n(fr?rd@@é@h&g)rﬁﬂ@g)ﬁp&]a\fﬁ ppl arization states of a
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said at | eastnemder ef éﬂ@ﬁ@@/§@ﬂ%e anplifier circuit (RSA) are realized with
identical anplifier circuitry. 18. A nenory device according to claim 17
characterized in that said 30 identical anmplifier circuitry (SA RSA)
conprises a reference side and an array side, said reference side mrroring
the circuit structure of said array side. 28 19. A nmenory device according
to claim 14, characterized in that said pseudo-differential sense anplifier
system nprises a plurality of system subbl ocks (SB). 20. A nenory device
according to claim19, 5 characterized in that each subbl ock (SB) conprises
a plurality of said sense amplifier circuits (SA) for sensing the

pol ari zation state of a corresponding nunber of nenory cells. 10





