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(57) ABSTRACT 
In a semiconductor memory con?guration, a refresh opera 
tion is always started by a refresh logic circuit When a 
comparison circuit determines that there is a speci?c mini 
mum difference When comparing a characteristic variable of 
at least one reference memory cell With a reference value 

(VREF). 
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SEMICONDUCTOR MEMORY CONFIGURATION 
WITH A REFRESH LOGIC CIRCUIT, AND 
METHOD OF REFRESHING A MEMORY 

CONTENT OF THE SEMICONDUCTOR MEMORY 
CONFIGURATION 

BACKGROUND OF THE INVENTION 

[0001] Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory con?guration having a memory cell ?eld composed 
of a large number of memory cells. The memory cells are 
driven via Word lines and bit lines. A refresh logic circuit for 
refreshing the memory content of the memory cells in the 
memory cell ?eld is provided. The memory cells contain a 
capacitor and a transistor, Which are connected in series 
betWeen a terminal for a potential and a node point. 

[0003] A memory con?guration of this type is disclosed, 
for example, in the form of a ferroelectric memory con?gu 
ration, by the publication by Hiroki Koike et al. Titled, “60 
ns 1 Mb Nonvolatile Ferroelectric Memory With Non 
Driven Cell Plate Line Write/Read Scheme”, IEEE Interna 
tional Solid State Circuits Conference, pages 368 and 369, 
1996. In order to be able to provide ferroelectric memory 
con?gurations With a high density, it is necessary to provide 
a common electrode for the storage capacitors and to keep 
the electrode at a constant potential. The constant potential 
is in particular formed by the arithmetic mean of the tWo 
voltages that are used on a bit line to Write information into 
a memory cell. This concept is generally knoWn as the 
“VDD/Z concept”. The problem in the case of memory cells 
composed of one transistor and one ferroelectric capacitor 
(1T1C cells) and in the case of memory cells composed of 
tWo transistors and tWo ferroelectric capacitors (2T2C cells) 
is that When the VDD/2 concept is applied, leakage currents 
in the substrate, so-called sub-threshold currents, and leak 
age currents through the blocked pn junction are unavoid 
able. Furthermore, leakage currents through the capacitor 
dielectric occur, Whose absolute values are mostly negligibly 
loW and Which pre-assume a voltage drop at the memory 
capacitor that is already considerable. The magnitude of the 
various leakage currents is subject to severe ?uctuations as 
a result of production tolerances and the high temperature 
dependence of the leakage currents. 

[0004] In order to limit this poWer demand, in the ferro 
electric memory con?guration according to Published, Ger 
man Patent Application DE 198 30 568 A1, it is proposed 
that the bit line be subdivided into k segments, Which form 
local bit lines, and that the local bit lines be connected to a 
global bit line via k sWitches. GR 00 P 1105 Furthermore, 
corresponding refresh logic circuits are generally knoWn in 
other semiconductor memory con?gurations, such as 
DRAMs or EPROMs, and likeWise prevent stored informa 
tion being lost. In the case of DRAMs, because of the 
leakage currents that occur, the contents of all the memory 
cells are read out at regular time intervals and Written back 
again. In the case of EPROMs, a loss of information because 
of the impermissible shifting of the storage transistor thresh 
old voltage can make continual refreshing of the memory 
contents necessary. 

[0005] US. Pat. No. 5,278,796 describes a refresh control 
circuit for a DRAM, Which supplies a temperature-depen 
dent refresh cycle. A temperature sensor generates a tem 
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perature-dependent signal, Which is compared in a compara 
tor With a prede?ned reference voltage. The time period until 
the refresh cycle is neXt sWitched on is consequently con 
trolled in a temperature-dependent manner. 

[0006] US. Pat. No. 5,539,703 shoWs a DRAM having a 
refresh drive circuit. In order to match the refresh cycles to 
?uctuations in the manufacturing process, a capacitor Within 
the oscillator controlling the refresh is designed to be 
comparable With one or more capacitors in the memory 
cells. 

SUMMARY OF THE INVENTION 

[0007] It is accordingly an object of the invention to 
provide a semiconductor memory con?guration With a 
refresh logic circuit, and a method of refreshing a memory 
content of the semiconductor memory con?guration Which 
overcomes the above-mentioned disadvantages of the prior 
art devices and methods of this general type, in Which the 
implementation of the refresh cycles are performed as 
bene?cially as possible With regard to the necessary energy 
demand. 

[0008] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a semicon 
ductor memory con?guration. The memory con?guration 
contains a terminal for connecting to a potential and a 
memory cell ?eld having a number of memory cells and a 
node point. The memory cells each have a capacitor and a 
transistor connected in series betWeen the terminal for the 
potential and the node point. Word lines are connected to and 
drive the memory cells, and bit lines are connected to the 
memory cells. A control circuit having a further node, a 
comparison circuit With an output, at least one memory cell 
and a refresh logic circuit connected to and refreshing a 
memory content of the memory cells in the memory cell 
?eld, is provided. The at least one memory cell of the control 
circuit contains a capacitor and a transistor connected in 
series betWeen the terminal for the potential and the further 
node. The further node of the control circuit is connected to 
the comparison circuit, and the output of the comparison 
circuit controls the refresh logic circuit to cause the memory 
cells in the memory cell ?eld to be refreshed. 

[0009] According to the invention, in the semiconductor 
memory con?guration and in the method of refreshing the 
memory content of the semiconductor memory con?gura 
tion, With the aid of a comparison circuit, a characteristic 
variable of at least one reference memory cell is compared 
With a reference value and, if required, a refresh logic circuit 
is activated. The refresh operation in the memory cell ?eld 
of the memory con?guration is therefore not started in each 
case at rigid time intervals prede?ned by an internal timer 
circuit but is carried out only When it is actually needed. The 
refresh cycle is in this case triggered on the basis of the 
electrical state of the memory cells. In particular, no energy 
is Wasted for unnecessary refresh cycles, Which is very 
important in the case of the particularly loW energy con 
sumption required for mobile applications. 

[0010] Advantageously, the memory con?guration has 
speci?c reference memory cells, Whose characteristic vari 
ables are evaluated by the comparison circuit in order to be 
able to control the refresh operation as required. These 
separate reference memory cells can be connected up to the 
comparison circuit in a simple Way. Alternatively, it is also 
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possible that, for example, memory cells in the memory cell 
?eld Which have been shoWn to be particularly bad in the 
storage function test, or those particularly affected by leak 
age currents, are de?ned as reference measurement cells and 
used When operating the semiconductor memory. During the 
production and selection of the reference memory cells, care 
must be taken that, in terms of process engineering and the 
environmental conditions Which in?uence them, in particu 
lar the operating temperature, these should correspond as far 
as possible to the memory cells to be refreshed. 

[0011] In accordance With an added feature of the inven 
tion, the at least one memory cell of the control circuit has 
a storage node, and the comparison circuit is a differential 
ampli?er Which compares a potential of the storage node of 
the at least one memory cell of the control circuit With a 
reference voltage. 

[0012] In accordance With an additional feature of the 
invention, the at least one memory cell of the control circuit 
is one of a plurality of reference memory cells Whose 
characteristic variables are evaluated by the comparison 
circuit. And the refresh logic circuit refreshes both the 
memory content of the memory cells in the memory cell 
?eld and a memory content of the reference memory cells. 

[0013] In accordance With another feature of the inven 
tion, the reference memory cells of the control circuit and 
the memory cells of the memory cell ?eld are ferroelectric 
memory cells. 

[0014] In accordance With a further feature of the inven 
tion, an input capacitance of the comparison circuit is 
negligibly small compared to a capacitance of the reference 
memory cells. 

[0015] With the foregoing and other objects in vieW there 
is also provided, in accordance With the invention, a method 
of refreshing a memory content of memory cells in a 
memory cell ?eld of a semiconductor memory con?gura 
tion. The method includes the steps of comparing an output 
signal of at least one further memory cell With a reference 
value; and starting a refresh cycle each time there is an 
impermissibly large difference betWeen the output signal 
and the reference value for refreshing the memory cells of 
the memory cell ?eld. 

[0016] In accordance With a concomitant mode of the 
invention, there is the step of refreshing a content of the 
further memory cell if there is an impermissibly large 
difference betWeen the output signal and the reference value. 

[0017] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0018] Although the invention is illustrated and described 
herein as embodied in a semiconductor memory con?gura 
tion With a refresh logic circuit, and a method of refreshing 
a memory content of the semiconductor memory con?gu 
ration, 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 invention and Within the scope and range of 
equivalents of the claims. 

[0019] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
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ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a circuit diagram of a prior art ferroelec 
tric memory cell With de?ned leakage currents. 

[0021] FIG. 2 is a graph of a hysteresis curve for a 
ferroelectric storage capacitor; and 

[0022] FIG. 3 is a simpli?ed circuit diagram of the fer 
roelectric memory con?guration according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] In all the ?gures of the draWing, sub-features and 
integral parts that correspond to one another bear the same 
reference symbol in each case. Referring noW to the ?gures 
of the draWing in detail and ?rst, particularly, to FIG. 1 
thereof, there is shoWn a knoWn memory cell having a bit 
line BL, a Word line WL, a selection transistor 1, a storage 
capacitor 2, Whose one electrode is kept at a constant 
potential VPL together With other corresponding electrodes 
of the storage capacitors of further memory cells, and a 
memory node SN. The sub-threshold current ISUbTh betWeen 
a source and a drain of the selection transistor 1, a leakage 
current IJL of a blocked pn junction via a corresponding 
diode to a substrate, and a leakage current IF through a 
capacitor dielectric are in each case illustrated by an appro 
priate arroW. The sub-threshold current ISubTh can be com 
pensated for by the bit line BL, When in the standby mode, 
being kept at the same potential as the common electrode, 
that is to say at the potential VPL. 

[0024] A greater problem in comparison With the sub 
threshold current is the leakage current IJL via the blocked pn 
junction. In order to overcome the problems associated With 
the leakage current IJL, there Were previously tWo 
approaches to a solution. Both Were based on the fact that the 
charge Which ?oWs aWay through the blocked pn junction is 
topped up, either continuously or cyclically, by the selection 
transistor 1 of the memory cell (in this respect, see also the 
reference speci?ed above by Hiroki Koike). HoWever, 
sWitching on the selection transistor 1 cyclically has the 
disadvantage that, as a result of the leakage current IJL 
betWeen the refresh cycles, interfering pulses occur on the 
storage capacitor 2, and at most an amplitude of the pulses 
can be limited. HoWever, such a procedure is difficult, since 
the leakage current IJL Of the blocked pn junction is not only 
subject to severe ?uctuations but also rises considerably 
With temperature. In relation to the interfering pulses and 
their effects on the storage capacitor 2, reference should be 
made to FIG. 2, in Which a hysteresis curve of the ferro 
electric storage capacitor 2 is plotted. The hysteresis curve 
shoWs that, for eXample in the case of a voltage V=0 across 
the capacitor 2, there are tWo polariZation states P Which 
represent the stored information. If, for eXample as a result 
of an interfering pulse 3 caused by the leakage current IJL, 
the polariZation P Wanders from a point 4 to a point 5, and 
if, after the interfering pulse 3 has decayed again, the voltage 
V=0 is again present across the storage capacitor 2, then the 
polariZation does not return to the point 4 but instead 
Wanders to a point 6, Which is placed beloW the point 4. A 
plurality of interfering pulses 3 can in this Way have the 
effect that ultimately the information or polariZation stored 
in the capacitor 2 is lost. 



US 2001/0026491 A1 

[0025] On the other hand, switching on the selection 
transistor 1 continually in order to protect the memory 
content, as distinct from sWitching on cyclically, is only 
possible if no access is made to the memory con?guration. 
If an access is made, then only the relevant Word line of the 
memory cell ?eld is permitted to be active, While all the 
other Word lines must be sWitched off. Switching off in this 
Way is not a problem in itself. FolloWing the memory access, 
hoWever, in order to compensate for the leakage currents or 
in order to refresh the memory contents, all the Word lines 
have to be sWitched on again, Which, as a result of the high 
capacitive load on all the Word lines as a Whole, has the 
effect of a large rise in the poWer demand of the memory 
con?guration. 
[0026] In FIG. 3, there is shoWn according to the inven 
tion, a solution to this problem. FIG. 3 shoWs a ferroelectric 
memory con?guration having a memory cell ?eld 7, a 
refresh logic circuit 8, a comparison circuit 9 and a reference 
memory cell ?eld 10. In the memory cell ?eld 7, Which is not 
speci?cally illustrated but is generally knoWn (see FIG. 1), 
the common electrodes of the ferroelectric storage capaci 
tors of memory cells are kept, according to FIG. 1, at the 
potential VPL Which is typically 1.25 V, it being true that 
VPL=VDD/2. By the application of voltages Which are 
greater or smaller than VPL to the other electrode of the 
storage capacitor 2 via the bit line BL, and by sWitching on 
the selection transistor 1 via the Word line WL, a desired 
polariZation state is produced in the dielectric of the storage 
capacitor 2, and therefore the information is stored in the 
ferroelectric memory cell (FIG. 1). The refresh logic circuit 
8 can be, for eXample, a circuit knoWn from dynamic 
random access memory (DRAM) technology or the con 
?gurations described in the reference by Hiroki Koike 
indicated above. The reference memory cell ?eld 10 con 
tains, for example, three parallel-connected ferroelectric 
memory cells, Which each have a reference selection tran 
sistor 11 and a ferroelectric reference storage capacitor 12. 
The three memory cells are driven by a control Word line 
SWL belonging to the refresh logic circuit 8. Alternatively, 
there is also the possibility of using a plurality of control 
Word lines SWL, for eXample three thereof, to drive the three 
memory cells. 

[0027] One electrode of the reference storage capacitors 
12 is kept at the constant potential VPL, Which is equal to the 
common potential of the storage capacitors 2 of the memory 
cell ?eld 7 (FIG. 1). The other electrode of the reference 
storage capacitor 12 in each case represents the storage node 
SN of the reference memory cell and is connected, for 
eXample, to a drain of the respective reference selection 
transistor 11. Sources of the reference selection transistors 
11 are jointly connected to a comparison storage node VN, 
Which is connected to a gate of an input transistor 13 of a 
differential ampli?er Which is knoWn per se and used as the 
comparison circuit 9. In this case, in order to avoid mea 
surement errors, care must be taken that an input capacitance 
of the differential ampli?er 9 is chosen to be small by 
comparison With a capacitance of the reference measure 
ment cells 10. The differential ampli?er 9 in each case 
compares the potential at one of the storage nodes SN or at 
the comparison storage node VN With a reference voltage 
VREF applied to a gate of a second input transistor 14 of the 
differential ampli?er 9. For this voltage, it is for eXample 
true that VREF=VPL—0.1 V. Here, the voltage value is 
chosen on the basis, ?rst, of the desired data security of the 
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memory content of the memory cell ?eld 7 and, second, of 
the desired loW energy consumption arising from the refresh 
operation. Alternatively, provision could also be made to set 
VREF=VPL and to dimension the input transistors 13, 14 of 
the differential ampli?er 9 asymmetrically. In this Way, an 
offset voltage is produced in the differential ampli?er 9, and 
performs the same function as the differential voltage of 100 
mV speci?ed above. The comparison circuit 9 can be 
con?gured in such a Way that only an upWard or doWnWard 
violation of a suitable reference value is evaluated, or that 
both deviations are registered and trigger a refresh operation. 

[0028] An output of the differential ampli?er 9 is con 
nected to the refresh logic circuit 8, Which initiates the 
refresh operation for the memory cell ?eld 7 of the ferro 
electric semiconductor memory as required. In addition, the 
refresh logic circuit 8 drives a leakage current compensation 
circuit having the leakage current compensation transistor 
15. The circuit 8 sWitches the transistor 15 on brie?y and, as 
a result activates a Write circuit for the reference memory 
cells 10, so that at the same time as the content of the 
memory cell ?eld 7 is refreshed, the desired voltage VPL on 
the three storage nodes SN of the reference storage capaci 
tors 12 is established again. For this purpose, the gate of the 
leakage current compensation transistor 15 and the control 
Word line SWL of the reference memory cells 10 are 
connected to corresponding outputs of the refresh logic 
circuit 8. 

[0029] The functioning of the ferroelectric memory con 
?guration according to FIG. 3 is as folloWs. At the start, via 
the control Word line SWL, the three reference selection 
transistors 11 and the leakage current compensation transis 
tor 15 are sWitched on. As a result, the potentials in the three 
storage nodes SN of the three reference storage capacitors 
12 are set to the value VPL, and therefore the voltage 
dropped across the ferroelectric capacitor is reduced to 0 V. 
The leakage current compensation transistor 15 is then 
sWitched off again. During the operation of the ferroelectric 
memory con?guration, the leakage currents described above 
may cause changes, differing from one another, in the 
potentials of the three storage nodes SN in the reference 
memory cells 10, and corresponding, undesired changes in 
the potentials in the memory cells in the memory cell ?eld 
7. The potentials of the three storage nodes SN of the 
reference memory cells 10 are compared one after another 
With the reference value VREF by the respective reference 
selection transistor 11 and the differential ampli?er 9. Here, 
the reference selection transistors 11 can be sWitched on 
permanently or else sWitched on periodically by the differ 
ential ampli?er 9 for the comparison measurement. 

[0030] As soon as the deviation at one of these three 
storage nodes is greater than is permissible, the refresh logic 
circuit 8 starts a refresh operation. In the process, in a 
manner knoWn per se, the content of the memory cells of the 
memory cell ?eld 7 is refreshed. In addition, the charge 
losses caused by the leakage currents in the reference 
memory cells 10 are compensated for, and the potentials of 
the three reference storage nodes SN are set to the initial 
value VPL again. The differential ampli?er 9 continues the 
above-described voltage comparison. The invention can be 
used in all semiconductor memory types in Which it is 
necessary to refresh the memory content, in particular in 
DRAMs, EPROMs and Flash memories. The features of the 
invention disclosed in the above description, the draWing 
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and the claims may be important both individually and also 
in any desired combination for the implementation of the 
invention in its various con?gurations. 

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

a terminal for connecting to a potential; 

a memory cell ?eld containing a number of memory cells 
and a node point, said memory cells each having a 
capacitor and a transistor connected in series betWeen 
said terminal for the potential and said node point; 

Word lines connected to and driving said memory cells; 

bit lines connected to said memory cells; and 

a control circuit having a further node, a comparison 
circuit With an output, at least one memory cell and a 
refresh logic circuit connected to and refreshing a 
memory content of said memory cells in said memory 
cell ?eld, said at least one memory cell of said control 
circuit contains a capacitor and a transistor connected 
in series betWeen said terminal for the potential and 
said further node, said further node of said control 
circuit is connected to said comparison circuit, and said 
output of said comparison circuit controls said refresh 
logic circuit to cause said memory cells in said memory 
cell ?eld to be refreshed. 

2. The semiconductor memory con?guration according to 
claim 1, Wherein said at least one memory cell of said 
control circuit has a storage node, and said comparison 
circuit is a differential ampli?er Which compares a potential 
of said storage node of said at least one memory cell of said 
control circuit With a reference voltage. 
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3. The semiconductor memory con?guration according to 
claim 1, Wherein said at least one memory cell of said 
control circuit is one of a plurality of reference memory cells 
Whose characteristic variables are evaluated by said com 
parison circuit, and said refresh logic circuit refreshes both 
the memory content of said memory cells in said memory 
cell ?eld and a memory content of said reference memory 
cells. 

4. The semiconductor memory con?guration according to 
claim 3, Wherein said reference memory cells of said control 
circuit and said memory cells of said memory cell ?eld are 
ferroelectric memory cells. 

5. The semiconductor memory con?guration according to 
claim 3, Wherein an input capacitance of said comparison 
circuit is negligibly small compared to a capacitance of said 
reference memory cells. 

6. A method of refreshing a memory content of memory 
cells in a memory cell ?eld of a semiconductor memory 
con?guration, Which comprises the steps of: 

comparing an output signal of at least one further memory 
cell With a reference value and starting a refresh cycle 
each time there is an impermissibly large difference 
betWeen the output signal and the reference value for 
refreshing the memory cells of the memory cell ?eld. 

7. The method according to claim 6, Which comprises 
refreshing a content of the further memory cell if there is an 
impermissibly large difference betWeen the output signal 
and the reference value. 


