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MEMORY CONFIGURATION INCLUDING A 
PLURALITY OF RESISTIVE FERROELECTRIC 

MEMORY CELLS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending 
International Application No. PCT/DE99/00920, ?led Mar. 
25, 1999, Which designated the United States. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The invention relates to a memory con?guration 
Which is formed of a plurality of resistive ferroelectric 
memory cells. Each of the memory cells is formed of a 
selection transistor and a storage capacitor. One electrode of 
the storage capacitor is connected to a ?xed cell plate 
voltage and the other electrode of the storage capacitor is 
connected to a Zone of the storage capacitor that has a ?rst 
conductivity type. The selection transistor and the storage 
capacitor are provided in or on a semiconductor substrate of 
a second conductivity type opposite the ?rst conductivity 
type. 

[0003] Ferroelectric memory con?gurations in Which the 
cell plate voltage is permanently set to half the supply 
voltage (Vcc/2) of the memory con?guration are character 
iZed by rapid memory operations. HoWever, in these 
memory con?gurations, there is the problem of a possible 
loss of the data stored in the storage capacitors. Because the 
cell nodes at the storage capacitors are ?oating as long as the 
selection transistors are sWitched off and these cell nodes 
form parasitic pn-junctions to the semiconductor substrate, 
unavoidable leakage currents via the pn-junctions cause the 
cell node voltage to drop to a ground voltage Vss. The other 
nodes of the ferroelectric storage capacitors remain here at 
the ?Xed cell plate voltage Vcc/2. As a result, the contents 
of the ferroelectric storage capacitors can be corrupted by 
reprogramming. 

[0004] In order to avoid this data loss, in a Way similar to 
DRAMs (Dynamic Random Access Memory Cells) , the 
memory cells are refreshed before their contents are 
destroyed. The refresh is carried out by the bit lines of the 
memory con?guration being precharged to half the supply 
voltage Vcc/2, and the cell nodes being also charged to half 
the supply voltage Vcc/2 by activating the Word lines, With 
the result that 0 V drops across the storage capacitors. 

[0005] Such a refresh is complicated and requires addi 
tional operations Which should be avoided if possible. 

SUMMARY OF THE INVENTION 

[0006] It is accordingly an object of the invention to 
provide a memory con?guration having a plurality of resis 
tive ferroelectric memory cells Which overcomes the above 
mentioned disadvantages of the heretofore-knoWn memory 
con?gurations of this general type and Which is con?gured 
in such a Way that a leakage current at the cell node can no 
longer cause a reprogramming of the memory cell, With the 
result that a refresh of the memory cell can be dispensed 
With. 
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[0007] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a memory 
con?guration, including: 

[0008] a plurality of resistive ferroelectric memory 
cells, each of the resistive ferroelectric memory cells 
including a selection transistor and a storage capaci 
tor; 

[0009] the selection transistor having a given Zone of 
a ?rst conductivity type; 

[0010] the storage capacitor having a ?rst electrode 
and a second electrode, the ?rst electrode being 
supplied With a ?Xed cell plate voltage, the second 
electrode being connected to the given Zone of the 
?rst conductivity type; 

[0011] a semiconductor body of a second conductiv 
ity type opposite the ?rst conductivity type; 

[0012] the selection transistor and the storage capaci 
tor respectively being provided in or on the semi 
conductor body; 

[0013] 
[0014] a line formed by a highly doped Zone of the 

?rst conductivity type, the line being supplied With 
the cell plate voltage; and 

[0015] the second electrode of the storage capacitor 
being connected via the resistor to the line. 

a resistor; 

[0016] In other Words, the object of the invention is 
achieved in a memory con?guration composed of a plurality 
of resistive ferroelectric memory cells of the type mentioned 
above in that the other electrode of the storage capacitor is 
connected via a resistor to a line Which is supplied With the 
cell plate voltage. 

[0017] According to another feature of the invention, the 
resistor has a ?rst resistance value. The given Zone of the 
?rst conductivity type and the semiconductor body form a 
pn-junction therebetWeen, and the pn-junction has a reverse 
resistance With a second resistance value substantially larger 
than the ?rst resistance value. 

[0018] According to yet another feature of the invention, 
the resistor has a given resistance value, the given resistance 
value is set such that memory read operations and memory 
Write operations, in particular read operations from the 
resistive ferroelectric memory cells and Write operations to 
the resistive ferroelectric memory cells, are substantially 
unin?uenced by the resistor. 

[0019] The resistor in this case is constructed in such a 
Way that its resistance value is substantially loWer than the 
resistance value of the reverse resistance or blocking resis 
tance of the pn-junction betWeen the ?rst Zone of the 
selection transistor and the semiconductor substrate, and in 
such a Way that the read and Write operation is in?uenced by 
this resistor only to an extremely small degree. 

[0020] This ensures that in the memory con?guration 
according to the invention the resistance causes virtually no 
disruption to the read and Write operation and nevertheless 
the leakage current of the parasitic pn-junction to the semi 
conductor substrate is compensated by this resistance and 
the voltage present on each side of the ferroelectric storage 
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capacitor is approximately the cell plate voltage. Undesired 
reprogramming of the storage capacitor can thus no longer 
occur. 

[0021] The signi?cant feature of the invention is therefore 
that the end of the resistor Which faces aWay from the ?rst 
Zone of the selection transistor is connected to the line 
supplied With the cell plate voltage. This line can preferably 
be a highly doped Zone of the ?rst conductivity type in the 
surface region of the semiconductor element. 

[0022] There are various possible Ways of implementing 
the resistor: It is, for example, expedient to provide the 
resistor through the use of a suitable doping underneath the 
insulating layer, the so-called thick oxide, in the semicon 
ductor element in the region betWeen the ?rst Zone of the 
selection transistor and the line Which is preferably formed 
from a highly doped Zone of the ?rst conductivity type and 
is supplied With the cell plate voltage. Therfore, according, 
a preferred feature of the invention, the resistor is a doped 
layer provided in the semiconductor body; and an insulating 
layer is disposed above the doped layer. 

[0023] HoWever, it is also possible to use a MOS transistor 
for the resistor, a reference voltage being applied to the gate 
of the MOS transistor in such a Way that the resistance With 
the desired properties, for example in the subthreshold 
current range, is obtained via the channel of the MOS 
transistor. Thus, according to a preferred feature of the 
invention, a MOS transistor has a gate to be supplied With 
an adjustable reference voltage, and the resistor is imple 
mented by the MOS transistor. In particular, the resistor is 
formed by the channel region of the MOS transistor. 

[0024] According to a further feature of the invention, the 
resistance value of the resistor is set by changing the 
adjustable reference voltage. 

[0025] In addition to a constant gate voltage at the gate of 
the MOS transistor, after each read and Write operation and 
When the supply voltage at the memory con?guration is 
sWitched on and off, this gate voltage can be set to a value 
such that the individual electrodes of the storage capacitors, 
the so-called capacitance nodes, in the memory cells are 
quickly adjusted to the cell plate voltage. 

[0026] With such a procedure it is advantageous that the 
capacitance nodes are adjusted to the cell plate voltage 
immediately after the respective operation. In this process, it 
is possible to select all the selection transistors, for example 
When the memory con?guration is sWitched on and off, or 
else also to select just the selection transistor Which is 
associated With the respective Word line and bit line, With the 
Word or bit line decoder using the voltage applied to the gate 
of the MOS transistor. 

[0027] In the memory con?guration according to the 
invention, unintended reprogramming occurring as a result 
of the leakage current of the parasitic pn-junction to the 
semiconductor substrate and When the memory con?gura 
tion is sWitched on and off is not possible. In the same Way, 
When the supply voltage is sWitched off, unintended repro 
gramming cannot take place either. 

[0028] In addition, the memory con?guration according to 
the invention is a very simple con?guration. In particular, a 
normal Word line decoder can be used With it. The capaci 
tance of the Word line is not increased either. There is no 
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need for a plug betWeen the resistor, Which is preferably 
implemented through the use of a doping layer under an 
insulating layer in the semiconductor element, and the 
storage capacitor electrode Which is supplied With the ?xed 
cell plate voltage, Which means that the requirements made 
of the manufacturing steps are reduced and less space is 
needed because a contact hole speci?cally for the plug is not 
necessary. This means that the memory cells of the memory 
con?guration according to the invention require no more 
space than the cell space of a standard memory cell. Other 
features Which are considered as characteristic for the inven 
tion are set forth in the appended claims. 

[0029] Although the invention is illustrated and described 
herein as embodied in a memory con?guration composed of 
a plurality of resistive ferroelectric memory cells, it is 
nevertheless not intended to be limited to the details shoWn, 
since various modi?cations and structural changes may be 
made therein Without departing from the spirit of the inven 
tion and Within the scope and range of equivalents of the 
claims. 

[0030] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a circuit diagram of a memory cell ?eld 
of the memory con?guration according to the invention; 

[0032] FIG. 2 is a schematic sectional vieW of a ?rst 
exemplary embodiment of the memory con?guration 
according to the invention; 

[0033] FIG. 3 is a schematic plan vieW of the memory 
con?guration according to FIG. 2; 

[0034] FIG. 4 is a schematic sectional vieW of a second 
exemplary embodiment of the memory con?guration 
according to the invention; 

[0035] FIG. 5 is a schematic plan vieW of the memory 
con?guration according to FIG. 4; 

[0036] FIG. 6 is a schematic sectional vieW of a modi?ed 
embodiment of the memory con?guration according to FIG. 
4; and 

[0037] FIG. 7 is a schematic plan vieW of the memory 
con?guration of FIG. 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] Referring noW to the ?gures of the draWings in 
detail and ?rst, particularly, to FIG. 1 thereof, there is shoWn 
a memory cell ?eld in a folded bit line architecture With bit 
lines BLO, bBLO, BLl and bBLl having capacitors CB and 
With Word lines WLO, WLl, WL2 and WL3, for single 
transistor and single-capacitor (lTlC) memory cells com 
posed of selection transistors T and ferroelectric storage 
capacitors Cferro. 

[0039] A ?xed cell plate voltage is supplied to one of the 
electrodes of the storage capacitors Cferro. According to the 
invention, the ?xed cell plate voltage is supplied in each case 
from, for example, a resistor R and a line L formed of a 
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highly doped Zone of the ?rst conductivity type in the 
semiconductor element. This highly doped Zone can be, in 
particular, an n_-type conductive strip-shaped Zone. 

[0040] The resistor R, Which is connected betWeen the 
storage capacitors Cferro and the line L Which is supplied 
With the cell plate voltage VPLATE, must be constructed in 
such a Way that 

[0041] (a) the resistance value of this resistor R is 
substantially loWer than the resistance value of the 
reverse resistance of the pn-junction betWeen the ?rst 
Zone of the selection transistor and the semiconduc 
tor substrate, and 

[0042] (b) the read and Write operation is in?uenced 
by the resistor R only to an extremely small degree. 

[0043] If these conditions for the resistor R are met, it is 
ensured that the read and Write operation in the individual 
memory cells remains virtually unaffected by the resistor R, 
and the leakage current of the parasitic pn-junction to the 
semiconductor substrate is compensated by the current ?oW 
ing through the resistor R. As a result, the voltage present on 
each side of the ferroelectric storage capacitors, that is to say 
at the tWo capacitance nodes, is approximately the cell plate 
voltage. Undesired reprogramming of the storage capacitors 
can then no longer occur. 

[0044] The signi?cant feature of the invention is that the 
terminal of the resistor R Which is opposite the ferroelectric 
storage capacitor Cferro is held at the cell plate voltage 
VPLATE With the line L, With the result that When the 
selection transistor T is sWitched off virtually the same 
voltage is present at the ferroelectric storage capacitor 
Cferro, as a result of Which a reprogramming of the ferro 
electric storage capacitor Cferro is ruled out. 

[0045] There are various Ways of implementing the resis 
tor R, and these Will be explained in more detail beloW With 
reference to FIGS. 2 to 7. Basically, there is the possibility 
of constructing the resistor R through the use of suitable 
doping under the insulating layer next to the selection 
transistor (cf. FIGS. 2 and 3) or else of providing a MOS 
transistor for this resistor, Which MOS transistor is set 
through the use of its gate voltage VR in such a Way that a 
resistance With the desired properties is obtained via the 
channel of this MOS transistor (cf. FIGS. 4 to 7). 

[0046] FIG. 2 shoWs an n+-type conductive drain Zone 1 
and an n_-type conductive source Zone 2 in the surface 
region of a p-type conductive semiconductor body, a Word 
line WL being provided above the channel region betWeen 
the drain Zone 1 and the source Zone 2. This Word line WL 
is embedded in an insulating layer composed of, for 
example, silicon dioxide and/or silicon nitride. The drain 
Zone 1 is connected to an electrode SN of a ferroelectric 
storage capacitor via a plug 3 composed of, for example, 
polycrystalline silicon, the dielectric of the ferroelectric 
storage capacitor isolating the electrode SN from a common 
electrode PL to Which the cell plate voltage VPLATE is 
connected. The individual electrodes PL are connected to 
one another, as is indicated by dotted lines in FIG. 2. 

[0047] The source Zone 2 is connected via a plug 4 to a bit 
line AL-BL Which is preferably composed of aluminum. 
This plug 4 is, of course, electrically isolated from the 
electrodes PL. 

Feb. 14, 2002 

[0048] The resistor R is formed by suitable doping under 
neath the insulating layer or a thick oxide FOX betWeen the 
drain Zone 1 and a highly doped, n+-type conductive Zone 5 
via Which the cell plate voltage VPLATE is supplied to the 
terminal of the resistor R Which is opposite the drain Zone 1. 

[0049] Suitable doping concentrations for the resistor R 
are in the order of magnitude of the substrate doping. To 
increase the resistance in comparison With the substrate 
resistance, the doping concentration is less than the substrate 
doping concentration, and to reduce the resistance the dop 
ing concentration is greater than that of the substrate doping. 

[0050] FIGS. 4 and 5 shoW a second exemplary embodi 
ment of the invention, While FIGS. 6 and 7 illustrate a 
re?ned embodiment of this exemplary embodiment. In 
FIGS. 4 to 7, the same reference symbols as in FIGS. 2 and 
3 are used for components Which correspond to one another. 

[0051] In the exemplary embodiment in FIGS. 4 and 5, 
the resistor R is implemented through the use of a MOS 
transistor 6 to Whose gate 7 a gate voltage VR is connected, 
the gate voltage VR being set in such a Way that the 
resistance R With the desired properties is obtained through 
the use of the channel of the MOS transistor 6. 

[0052] FIGS. 6 and 7 shoW a re?ned embodiment of the 
exemplary embodiment in FIGS. 4 and 5. Here, the resistor 
R is also implemented through the use of the MOS transistor 
6 to Which a suitable gate voltage VR is supplied, While the 
cell plate voltage VPLATE is applied via the n+-type con 
ductive, highly doped Zone 5. In contrast to the variant in 
FIGS. 4 and 5, use is made here of a so-called “aggressive 
layout” Which permits a particularly compact con?guration 
of the memory con?guration and Which does not require any 
additional process steps. 

We claim: 
1. A memory con?guration, comprising: 

a plurality of resistive ferroelectric memory cells, each of 
said resistive ferroelectric memory cells including a 
selection transistor and a storage capacitor; 

said selection transistor having a given Zone of a ?rst 
conductivity type; 

said storage capacitor having a ?rst electrode and a 
second electrode, said ?rst electrode being supplied 
With a ?xed cell plate voltage, said second electrode 
being connected to said given Zone of said ?rst con 
ductivity type; 

a semiconductor body of a second conductivity type 
opposite said ?rst conductivity type; 

said selection transistor being provided in said semicon 
ductor body, said storage capacitor being provided on 
said semiconductor body; 

a resistor; 

a line formed by a highly doped Zone of said ?rst 
conductivity types said line being supplied With the cell 
plate voltage; and 

said second electrode of said storage capacitor being 
connected via said resistor to said line. 

2. The memory con?guration according to claim 1, 
Wherein: 
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said resistor is a doped layer provided in said semicon 
ductor body; and 

an insulating layer is disposed above said doped layer. 
3. The memory con?guration according to claim 1, 

including: 
a MOS transistor having a gate to be supplied With an 

adjustable reference voltage; and 

said resistor being implemented by said MOS transistor. 
4. The memory con?guration according to claim 3, 

Wherein said resistor has a resistance value set by changing 
the adjustable reference voltage. 

5. The memory con?guration according to claim 1, 
including: 

a MOS transistor including a channel region and gate; and 

said resistor being formed by said channel region, said 
gate being supplied With an adjustable reference volt 
age. 

6. The memory con?guration according to claim 5, 
Wherein said resistor has a resistance value set by changing 
the adjustable reference voltage. 
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7. The memory con?guration according to claim 1, 
Wherein: 

said resistor has a ?rst resistance value; and 

said given Zone of said ?rst conductivity type and said 
semiconductor body form a pn-junction therebetWeen, 
said pn-junction has a reverse resistance With a second 
resistance value substantially larger than said ?rst resis 
tance value. 

8. The memory con?guration according to claim 1, 
Wherein said resistor has a given resistance value, said given 
resistance value is set such that read operations from said 
resistive ferroelectric memory cells and Write operations to 
said resistive ferroelectric memory cells are substantially 
unin?uenced by said resistor. 

9. The memory con?guration according to claim 1, 
Wherein said resistor has a given resistance value, said given 
resistance value is set such that memory read operations and 
memory Write operations are substantially unin?uenced by 
said resistor. 


