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(57) ABSTRACT 

Methods and apparatus for determining a temperature of a 
memory device. A memory device includes a memory array, 
a temperature con?gured to measure a temperature of the 
device and an evaluating circuit con?gured to receive a 
signal representative of the temperature measured by the 
temperature sensor and con?gured to generate a code Word 

(21) App1_ NO; 11/386,048 indicative of the measured temperature and a type of the 
temperature sensor, the temperature sensor being selected 

(22) Filed; Mar, 21, 2006 from one of at least two different temperature sensor types. 
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10000001 

11111111 
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11000001 
11000000 
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Range Difference in Trip point sensor Continuous Temperature 
(2 MSBs) deg C (6 L805) sensor range name 

00 000000 Incomplete conversion (in progress...) 10 

00 111111 Tj<Tjx Ti:Tjx-63 
00 111110 — Ti=Tjx-62 

00 000011 — r1 = Tjx - 3 

00 000010 — T] : Tjx - 2 

00 000001 T] = Tjx -1 

00 — 01 111111 T] < Tj7.8 Tj = Tj7.8 - 63 

01 111110 — Tj=Tj7.8-62 

01 000011 — r1 = Tj7.8 - s THY-8 

01 000010 — Tj = 117.8 - 2 

01 000001 — Tj : Tj7.8 -1 

0+ — ‘F1—H7-8—9—' — ' - - 

10 111111 Tj<Tjom Tj=Tj0m-63 ‘ 
10 111110 — Tj:Tjom-62 

10 000011 — r1 = Tjom _ 3 r T030 
10 000010 — Tj : Tjom - 2 

10 000001 — Tj = Tjom -1 J 

—10 — 11 111111 Tj>=Tj0m Tj=Tjom+63‘ 

11 111110 — Tj=Tiom+62 

11 000011 — Tj = Tiom + 3 f TROH 
11 000010 — T] = Tjom + 2 

11 000001 — T] : Tiom + 1 K 
11 000000 — T] = Tjom + 0 z 46 

42 43 44 1. 
25 
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MEMORY WITH A TEMPERATURE SENSOR, 
DYNAMIC MEMORY AND MEMORY WITH A 
CLOCK UNIT AND METHOD OF SENSING A 

TEMPERATURE OF A MEMORY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention refers to a memory With a tempera 
ture sensor, a dynamic memory With a temperature sensor 
With a controlling circuit for refreshing the charge of 
memory cells of the dynamic memory, a memory With a 
temperature sensor With a clock unit that delivers a clock 
signal for controlling reading or Writing data from or in the 
memory cells and a method of sensing a temperature of a 
memory. 

[0003] 2. Description of the Related Art 

[0004] An integrated dynamic memory is knoWn that 
contains a control circuit for controlling a refresh mode in 
Which the charges of the memory cells are refreshed. A 
controllable frequency generator serves for setting a refresh 
frequency. A temperature sensor circuit detects a tempera 
ture of the memory and outputs a ?rst reference value, and 
an externally Writable circuit is provided for outputting a 
second reference value. The temperature sensor circuit and 
the externally Writable circuit are alternatively connectable 
to the control input of the frequency generator for setting the 
refresh frequency. If the externally Writable circuit has been 
Written, the second reference value, Which corresponds to a 
temperature, is fed to the frequency generator; otherWise, the 
?rst reference value is supplied. In this manner, users of the 
memory that are unable to measure temperature can expe 
diently optimiZe the poWer consumption that is necessary for 
stand-by mode and reduce it at loW temperatures. 

[0005] There are different types of temperature sensors. In 
one example a simple temperature sensor detects Whether 
the temperature is higher or loWer as a reference tempera 
ture. A further type of temperature sensor senses a tempera 
ture difference compared to a reference value. Depending on 
the type of temperature sensor different codes representing 
the information of the temperature sensor are used. 

SUMMARY OF THE INVENTION 

[0006] Embodiments of the invention include a memory 
With a temperature sensor that measures the temperature of 
a part of the memory, and With a code circuit, that is 
connected With the temperature sensor, Whereby the code 
circuit transfers the signal of the temperature sensor to a 
code Word, the code Word comprising a ?rst part and a 
second part. The ?rst part comprises at least one bit for a ?rst 
type of temperature sensor and the second part comprises at 
least one bit for a second type of temperature sensor, the 
code circuit Writes depending on the type of temperature 
sensor and the signal of the temperature sensor a predeter 
mined code in the ?rst part and/or the second part, the code 
circuit provides the code Word. 

[0007] In a further embodiment the invention refers to a 
memory With a temperature sensor that measures the tem 
perature of a part of the memory, With a code circuit, that is 
connected With the temperature sensor, Whereby the code 
circuit transfers the signal of the temperature sensor to a 
code Word, the code Word comprises a ?rst part and a second 
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part, Whereby the ?rst part comprises at least one bit to 
indicate a temperature range limited by a reference tempera 
ture and the second part comprises at least one bit to indicate 
a temperature difference to the reference temperature, the 
code circuit Writes depending on the signal of the tempera 
ture sensor a predetermined code in the ?rst part and a 
further predetermined code in the second part depending on 
the signal and/or the type of temperature sensor, the code 
circuit provides the code Word. 

[0008] Furthermore the invention refers to a dynamic 
memory With a temperature sensor that measures the tem 
perature of a part of the memory, With a code circuit, that is 
connected With the temperature sensor, Whereby the code 
circuit transfers the signal of the temperature sensor to a 
code Word, the code Word comprises a ?rst part and a second 
part, Whereby the ?rst part comprises at least one bit for a 
temperature range compared to a reference temperature and 
the second part comprises at least one bit for a difference 
temperature to the reference temperature, the code circuit 
Writes depending on the signal of the temperature sensor a 
code in the ?rst part and a further code in the second part of 
the code Word depending on the type of the temperature 
sensor and the signal of the temperature sensor, the code 
circuit delivers the code Word to a controlling circuit, the 
controlling circuit controls a refresh operation for refreshing 
charges that are stored in memory cells of the memory 
depending on the code Word. 

[0009] In another embodiment the invention refers to a 
memory With a temperature sensor that measures the tem 
perature of a part of the memory, With a code circuit, that is 
connected With the temperature sensor, Whereby the code 
circuit transfers the signal of the temperature sensor to a 
code Word, the code Word comprises a ?rst part and a second 
part, Whereby the ?rst part comprises at least one bit for a 
temperature range compared to a reference temperature and 
the second part comprises at least one bit for a difference 
temperature referred to the reference temperature, the code 
circuit Writes depending on the signal of temperature sensor 
a predetermined code in the ?rst part and a further code 
depending on the signal of the temperature sensor and the 
type of the temperature sensor in the second part of the code 
Word, the code circuit delivers the code Word to a controlling 
circuit, the controlling circuit controls a frequency of read or 
Write operations of the memory depending on the code Word. 

[0010] Furthermore the invention refers to a memory With 
a temperature sensor that measures the temperature of a part 
of the memory, With a code evaluating means, that is 
connected With the temperature sensor, Whereby the code 
evaluating means transfers the signal of the temperature 
sensor to a code Word, the code Word comprises a ?rst part 
and a second part, Whereby the ?rst part comprises at least 
one bit for a ?rst type of temperature sensor and the second 
part comprises at least one bit for a second type of tempera 
ture sensor, the code evaluating means Write depending on 
the type of temperature sensor and the signal of the tem 
perature sensor a predetermined code in the ?rst and/or the 
second part of the code Word, the code evaluating means 
providing the code Word. 

[0011] Furthermore the invention refers to a method of 
sensing a temperature of a memory With memory cells, With 
a temperature sensor, that delivers a temperature signal that 
is transferred in a code Word, Whereby the code Word 
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comprises a ?rst part and a second part, whereby the ?rst 
part is disposed for a ?rst temperature sensor and the second 
part is disposed for a second temperature sensor, Whereby 
depending on the type of temperature sensor and the signal 
of the temperature sensor a code is Written in the ?rst and/or 
the second part of the code Word. 

[0012] In another embodiment the invention refers to a 
method of sensing a temperature of a memory With memory 
cells, With a temperature sensor, that delivers a temperature 
signal that is transferred in a code Word, Whereby the code 
Word comprises a ?rst part and a second part, Whereby the 
?rst part is disposed for a temperature range compared to a 
reference temperature and the second part is disposed for a 
temperature difference With regard to the reference tempera 
ture, Whereby depending on the signal of the temperature 
sensor data is Written in the ?rst part and depending on the 
signal and the type of the temperature sensor data is Written 
in the second part of the code Word. 

[0013] In another embodiment the invention refers to a 
memory With an evaluating circuit that receives a signal of 
a temperature sensor, Whereby the evaluating circuit deter 
mines a ?rst part of a code Word as a temperature range 
limited by a reference temperature depending on the signal 
and a second part of a code Word as a temperature difference 
to the reference temperature that limits the temperature 
range. 

[0014] 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 

[0015] So that the manner in Which the above recited 
features of the present invention can be understood in detail, 
a more particular description of the invention, brie?y sum 
mariZed above, may be had by reference to embodiments, 
some of Which are illustrated in the appended draWings. It is 
to be noted, hoWever, that the appended draWings illustrate 
only typical embodiments of this invention and are therefore 
not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 

[0016] FIG. 1 is a block diagram of an embodiment of a 
dynamic memory; 

[0017] FIG. 2 is a detailed vieW of a code circuit, 

[0018] FIG. 3 is a schematic vieW of a code Word; 

[0019] FIG. 4 is a code table; and 

[0020] FIG. 5 is a diagram depicting temperature values of 
different types of temperature sensors. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] Referring noW to the Figures of the draWing in 
detail on ?rst, particularly, FIG. 1 depicts a memory 1 that 
may be a random access memory. In further embodiments 
the memory may be a dynamic memory (DRAM), a static 
memory (SRAM) or a non-volatile memory. The depicted 
memory 1 comprises a control unit 2, a cell array 3 With 
memory cells 4, With bit lines 7 and Word lines 6, Whereby 
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the memory cells 4 are connectable by selecting sWitches 5 
With respective bit lines 7. Depending on the embodiment 
the memory cells are static memory cells that do not loose 
the information or dynamic memory cells that have to be 
refreshed for storing the information. The selecting sWitches 
5 are controlled by a Word line 6. A Word line decoder 8 and 
a bit line decoder 9 are disposed that select depending on a 
Word line address and a bit line address a respective Word 
line and a respective bit line and connect the bit line With a 
predetermined memory cell. The Word line decoder 8 and 
the bit line decoder 9 are controlled by the control unit 2. 
The control unit 2 receives control commands that determine 
the function of the control unit 2. 

[0022] Furthermore, sense ampli?ers 10 are disposed in 
the memory 1 that are connected With the bit lines 7 for 
amplifying a voltage on the bit line that is generated by 
reading out the data that is stored in a memory cell 4. The 
data of the bit lines are outputted by input/output units 11. 
Additionally, the input/output units 11 are used for Writing 
data in the memory cells 4. In the depicted embodiment, the 
selecting sWitch 5 is constructed as a selection transistor that 
connects the respective memory cell 4 With the respective bit 
line 7 if an activating voltage is applied by the Word line 
decoder 8 to the Word line 6 that is connected With a gate of 
the selecting transistor. The bit line decoder 9 selects the 
respective bit line 7 and connects it With a sense ampli?er 
10. In the cell array 3 multiple Word lines 6 and multiple bit 
lines 7 are disposed, Whereby in the exemplary draWing only 
one bit line 7 and one Word line 6 are represented. Also 
multiple memory cells 4 are disposed in the cell array 3 that 
are connectable to respective bit lines by selecting sWitches 
5 that are controlled by respective Word lines. Therefore 
each of the memory cells 4 may be selected individually and 
data may be read from or Written to the memory cells 4 over 
the input/output units 11. 

[0023] For a read or a Write operation a time basis may be 
used that is provided by a clock circuit 19. The clock circuit 
19 delivers an alternating clock signal to other circuits i.e. to 
the Word line decoder 8 or the bit line decoder 9 or the sense 
ampli?er 10 or the output/input unit 11. A rising or falling 
edge of the clock signal is used as a time point for starting 
Writing or reading data of the memory cells 4. Additionally 
the time basis may also be used for other operations of the 
memory 1. The clock circuit 19 may comprise an oscillator 
that delivers an alternating clock signal With a constant 
frequency that is fed to a programmable frequency divider, 
by Which the frequency can be divided. The clock circuit 19 
is connected by a controlling line With the control unit 2. 
Depending on the input signal of the control unit 2 that is fed 
to the clock circuit 19 the clock circuit 19 changes the 
frequency of the clock signal. 

[0024] Atemperature sensor 12 is disposed on the memory 
1 nearby the cell array 3 and is connected With a code circuit 
13. The code circuit 13 may be connected With the control 
unit 2 and is connected With a code register 14. The 
temperature sensor 12 may be connected With a reference 
register 20. The temperature sensor 12 measures a tempera 
ture of the memory 1 and outputs a sensor signal to the code 
circuit 13. The code circuit 13 Writes a code Word in the code 
register 14 depending on the measured temperature and 
depending on the type of temperature sensor 12. 

[0025] The temperature sensor 12 may be constructed as a 
single trip point sensor that detects Whether the temperature 
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of the memory is lower or higher than a reference tempera 
ture, that may be stored in the temperature register 20. In 
another embodiment the temperature sensor may be a mul 
titrip point sensor, i.e. a tWo trip-point sensor that indicates 
Whether a sensed temperature is Within one of three tem 
perature ranges that are de?ned by tWo reference tempera 
tures. The tWo trip-point sensor detects Whether the sensed 
temperature is loWer than a ?rst reference temperature 
betWeen the ?rst and the second temperature or higher than 
the second temperature. 

[0026] In another embodiment, the temperature sensor 12 
may be a continuous sensor that detects a temperature 
difference betWeen the temperature of the memory 1 and at 
least one reference temperature that may be stored in the 
register 20. 

[0027] The code circuit 13 may deliver the code Word that 
is stored in the code register 14 to the control unit 2. The 
control unit 2 controls depending on the measured tempera 
ture. In one embodiment, the frequency of the access to the 
memory cells, i.e. Writing or reading data may be reduced if 
the measured temperature of the memory 1 is higher than the 
reference temperature. The control unit 2 may increase the 
frequency of accessing the memory cells if the sensed 
temperature of the memory 1 is loWer than the reference 
temperature. Therefore it is possible to prevent an overheat 
ing of the memory 1 and to use a suitable frequency for 
reading and Writing data in the memory 1. The code register 
14 may be read by off-chip circuit, eg a memory controller, 
to be used by said memory controller to change the fre 
quency of memory accesses in order to change the speed and 
poWer dissipation of the memory. 

[0028] In a further embodiment, if the memory 1 is a 
dynamic memory With memory cells 4 that have to be 
refreshed, a refresh circuit 18 is disposed on the memory that 
is controlled by the control unit 2. The refresh circuit 18 is 
connected With the memory cells 4 and refreshes the charge 
of the memory cells 4 depending on a refresh frequency that 
is generated by the refresh circuit 18. The refresh frequency 
may be generated by an oscillator With an independent 
oscillating time signal that is delivered to a further frequency 
divider by Which the refresh frequency can be divided. The 
further frequency divider is controlled by the control unit 2. 
The control unit 2 controls the refresh frequency depending 
on the sensed temperature of the memory 1. The refresh 
frequency can be changed by Way of modifying the divider 
factor of a frequency divider by the control unit 2. If the 
temperature of the memory 1 is loWer than a second refer 
ence temperature, then the refresh frequency is set by the 
control unit 2 to a ?rst value. If the temperature of the 
memory 1 is higher than a second reference temperature, 
then the control unit 2 changes the refresh frequency to a 
higher second value, because the memory cells 4 may loose 
the stored charge in a shorter time because of the higher 
temperature. 

[0029] During a refresh operation, the data signals that are 
evaluated and ampli?ed by the respective sense ampli?er are 
Written back in their relevant memory cells directionally. 
The refresh circuit 18 controls the refresh mode of the 
memory cells. In particular, in a refresh mode of the 
memory, the poWer consumption required as a result of the 
necessary activating of respective sense ampli?ers correlates 
With the refresh frequency. In the interest of achieving an 
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optimally small poWer consumption, it is desirable for the 
time period betWeen tWo refresh cycles to be optimally long, 
in other Words for their refresh frequency to be optimally 
loW. The maximum achievable retention time of the contents 
of the memory cells is decisive for determining the length of 
time required betWeen tWo refresh cycles. This is in?uenced 
particularly by leakage currents and the storage capacitor 
and/or the selection transistor that increases as the memory 
temperature rises. 

[0030] In a further embodiment, the control unit 2 changes 
the frequency of refresh operations, i.e. at a higher tempera 
ture the refresh operations are processed With a shorter time 
interval betWeen tWo refresh operations. In a further embodi 
ment, the control unit 2 controls the read and Write operation 
With a loWer frequency if the memory 1 has a higher 
temperature. 

[0031] In a further embodiment the code circuit 13 may be 
connected With an external control unit 50 that is not 
arranged on the memory 1 but connectable With the memory 
1. The code circuit 13 delivers the code Word to the external 
control unit 50. The external control unit 50 may control the 
refresh and/ or the frequency of accesses to the memory cells 
according to the code Words. 

[0032] FIG. 2 depicts a more detailed vieW of the code 
circuit 13. In one embodiment, the code circuit 13 may 
comprise an A/D converter 21 and an evaluating circuit 22. 
The A/D converter 21 receives an analog signal of the 
temperature sensor 12. The A/D converter 21 transfers the 
analog signal in a digital signal that is delivered to the 
evaluating circuit 22. The evaluating circuit 22 transfers the 
digital signal in a code Word that is stored in the code register 
14. Additionally, the code Word may be delivered to the 
control unit 2. The code circuit 13 or the evaluating circuit 
22 uses one code table for transferring the signal of different 
types of temperature sensors. The code table comprises code 
Words that represent With a ?rst part a temperature range that 
is limited by a reference temperature and With a second part 
a temperature difference to the reference temperature. 

[0033] FIG. 3 depicts a schematic vieW of a code Word 24 
that comprises eight data bits, Whereby a ?rst part 15 has tWo 
bits and indicates a temperature range that is e. g. loWer than 
the ?rst reference temperature, betWeen the ?rst and a 
second reference temperature or higher than a second ref 
erence temperature. Further six data bits are disposed to 
store a temperature difference value that depends on the used 
type of temperature sensor and on the measured temperature 
and the temperature range indicated by the bits of the ?rst 
part of the code Word. The further six data bits refer to a 
second part 16 of the code Word 24. 

[0034] In a further embodiment, the code Word 24 may 
additionally comprise a sensor bit 17 that indicates Which 
type of temperature sensor is arranged. 

[0035] The evaluating circuit 22 delivers a code Word 24 
referring to the sensed temperature and the delivered analog 
signal of the temperature sensor to the control unit 2. The 
evaluating circuit transfers the digital signal of the A/D 
converter according to the code table. The control unit 2 
checks the temperature according the code table and decides 
depending on a predetermined rule Whether a refresh fre 
quency for refreshing the charge of the memory cells may be 
changed according the temperature of the memory 1. In a 
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further embodiment, the evaluating circuit 22 provides the 
code Word 24 to other circuits of the memory 1 or to an 

output of the memory 1. 

[0036] In another embodiment, the control unit 2 checks 
Whether the sensed temperature (determined by indexing 
into the code table 25 using the code Word 24) requires that 
any clock signal of a clock circuit 19 should be changed. 

[0037] In another embodiment, the control unit 2 may 
change the frequency of accessing the memory cells to 
prevent an overheating. 

[0038] In a further embodiment, the control unit or an 
external memory controller may only check the ?rst tWo 
data bits of the eight data bits of the code Word 24 as 
depicted in FIG. 3 to detect Whether the temperature is loWer 
or at or higher than the reference temperature. A bit com 
bination of high and low (10) indicates a temperature beloW 
the ?rst reference temperature and a bit combination of loW 
and high (01) indicates a temperature at or above the ?rst 
reference temperature. Thus it is not necessary to check 
more than the ?rst tWo bits of the code Word. 

[0039] FIG. 4 depicts a code table 25 that depicts in a ?rst 
column 41 the code Words, in a second column 42 the tWo 
?rst bits (MSB) of the code Words, in a third column 43 the 
six last bits (LSB) of the code Word, in a fourth column 44 
the temperature that is sensed by a trip point temperature 
sensor, in a ?fth column 45 the temperature that is sensed by 
a continuous temperature sensor and in a sixth column 46 the 
temperature range that corresponds to the sensed tempera 
ture. Tj de?nes the sensed temperature, Tjx the loWest ?rst 
reference temperature, Tj7.8 the second reference tempera 
ture at Which the refresh cycle time is changed from 7.8 usec 
to 3.9 usec. Tjom is the third reference temperature and 
indicates a maximum operation temperature of the memory 
1. In the ?fth column 45 the sensed temperature Tj is 
calculated With the ?rst, second or third reference tempera 
ture Tjx, Tj7.8, Tjom minus a value in degree Celsius. The 
second reference temperature Tj7.8 is the reference tem 
perature at Which the refresh period is changed from 7.8 usec 
to 3.9 usec. In a sixth column 46 the temperature range is 
indicated by a refresh time TR7.8 or TR 3.9 or TR OH that 
means that the refresh time is 7.8 usec or 3.9 usec or the 
memory is overheated. The abbreviation IC means that there 
is an incomplete conversion. The canceled code Words 
(struck out) of the ?rst column 41 are not alloWed. 

[0040] One advantage of the invention is that the code 
table 25 uses one code Word for different types of tempera 
ture sensors. The ?rst column 41 depicts the code Words that 
are used for the code table. In the second column 42 only the 
?rst tWo most signi?cant bits of the code Words are depicted. 
In the code table, the ?rst signi?cant bits indicate a tem 
perature range. The bit combination 00 indicates a ?rst 
temperature range that is loWer than a ?rst reference tem 
perature Tjx. The bit combination 01 of the tWo most 
signi?cant bits indicate a second temperature range that is 
loWer than a second reference temperature Tj7.8 and higher 
than the ?rst reference temperature. The bit combination 10 
of the ?rst tWo most signi?cant bits indicate a third tem 
perature range that is higher than the second reference 
temperature and loWer than a third reference temperature 
Tjom. The bit combination ll of the tWo most signi?cant 
bits indicate a fourth temperature range that is higher than 

Sep. 27, 2007 

the third reference temperature Tjom. The Word code With 
the bit combination 00 00 00 00 and 01 00 00 00 and l 00 
00 00 0 are not alloWed. 

[0041] In the third column 43 the sixth least signi?cant 
bits of the code Word are depicted. If a single trip point 
temperature sensor is disposed, then the code circuit 13 or 
the A/D converter 21 and the evaluating circuit 22 transfer 
the signal of the single trip temperature sensor and the ?rst 
tWo most signi?cant bits of the code Word as depicted in the 
second column 42. Depending on the used single trip 
temperature sensor a signal is generated that indicates that 
the temperature is loWer or higher than a reference tempera 
ture. If the single trip point temperature sensor has the ?rst 
reference temperature Tjx as a reference temperature, then 
the signal of the single trip point temperature sensor is 
transferred in a ?rst bit combination 00 or in a second bit 
combination 01. The ?rst bit combination 00 is used if a 
sensed temperature is loWer than the ?rst reference tempera 
ture. The second bit combination 01 is used if the sensed 
temperature is higher than the ?rst reference temperature. 

[0042] If the used single trip point temperature sensor has 
as a reference temperature the second reference temperature 
Tj7.8, then the code circuit 13 or the evaluating circuit 22 
generate depending on the signal of the single trip point 
temperature sensor the second bit combination 01 or the 
third bit combination 10. The ?rst bit combination 01 
indicates that the sensed temperature is loWer than the 
second reference temperature. The third bit combination 10 
of the tWo most signi?cant bits of the code Word indicate that 
the sensed temperature is higher than the second reference 
temperature. If there is a single trip point temperature used 
With the third reference temperature Tjom, than the code 
circuit 13 of the evaluating circuit 22 generate the third bit 
combination 10 or the fourth bit combination 11 for the ?rst 
tWo most signi?cant bits of the code Words. The third bit 
combination 10 of the ?rst tWo most signi?cant bits of the 
code Word indicate a temperature that is loWer than the third 
reference temperature Tjom. The fourth bit combination 11 
of the ?rst tWo most signi?cant bits of the code Word 
indicate a temperature that is higher than the third reference 
temperature Tjom. Depending on the embodiment, there 
might also be several single trip point sensors With different 
reference temperatures. The signals of the single trip point 
temperature sensors With different reference temperatures 
are transferred in the ?rst tWo most signi?cant bits of the 
code Word according the code table 25 as explained above. 

[0043] If there is a continuous temperature sensor used, 
then the code circuit 13 or the evaluating circuit 22 transfer 
the signal of the continuous temperature sensor in a code 
Word according the ?rst column 41 of the code table 25 of 
FIG. 4, Whereby the ?rst tWo most signi?cant bits of the 
code Word indicate a ?rst, a second, a third or a fourth 
temperature range. The temperature ranges that are indicated 
by the ?rst tWo most signi?cant bits are the same as for the 
single trip point sensors as explained above. The ?rst tWo 
most signi?cant bits With the bit combination 01 indicate a 
temperature range that is loWer than the second reference 
temperature Tj7.8. Additionally, the code circuit 13 or the 
evaluating circuit 22 generate also for a continuous tem 
perature sensor the six least signi?cant bits of the code Word 
as depicted in the third column 43. The six least signi?cant 
bits of a code Word indicate a difference betWeen the 
reference temperature of the range that is determined by the 
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?rst tWo most signi?cant bits of the code Word and the 
sensed temperature. For example, the code Word With the bit 
combination 00 11 11 11 indicates a ?rst temperature range 
With the ?rst tWo most signi?cant bits With the value 00 that 
is loWer than a ?rst reference temperature Tjx. Additionally, 
the six least signi?cant bits With a bit combination 11 11 11 
indicate that the continuous temperature sensor sense the 
temperature that is 63° C. loWer than the ?rst reference 
temperature as it is indicated in the ?fth column 45 of the 
code table 25. The six least signi?cant bits of the code Word 
With the bit combination 11 11 10 indicate that the sensed 
temperature is 62° C. loWer than the reference temperature 
that is indicated by the ?rst tWo most signi?cant bits of the 
code Word. Using this code it is possible to indicate a 
temperature in 63 steps of 1° C. of difference to a reference 
temperature that is determined by the ?rst tWo most signi? 
cant bits of the code Word. 

[0044] For example the code Word With the eighth com 
bination 11 11 11 11 indicates With the ?rst tWo most 
signi?cant bits With a bit combination 11 that the sensed 
temperature is in a temperature range that is higher than the 
third reference temperature Tjom. The combination of the 
six least signi?cant bits 111111 indicate that the sensed 
temperature is 63° C. higher than the third reference tem 
perature Tj om as indicated in the ?fth column 45 of the code 
table 25. 

[0045] The second reference temperature Tj7.8 indicates 
the temperature value beloW Which a refresh of the memory 
cells is proceeded every 7.8 usec. In one embodiment the 
third reference temperature Tjom corresponds to a tempera 
ture at Which the refresh of the dynamic memory cells is 
processed every 3.9 usec. 

[0046] The code circuit 13 or the evaluating circuit 22 
comprise a table that determines the correlation betWeen the 
signal of the used temperature sensor and the corresponding 
code Words. The table may be stored in a storage that is 
connected With the code circuit 13 or the evaluating circuit 
22 and in one embodiment arranged on the memory. The 
control unit 2 comprises a storage in Which the code table 25 
is stored. Therefore in a further embodiment, if different 
types of temperature sensors are used, then different tables 
are disposed for the evaluating circuit 22 or the code circuit 
13 to provide the correlation betWeen the signal of the used 
temperature sensor and the corresponding code Word. 

[0047] In a further embodiment a conversion from the 
signal of the temperature sensor to the code Word may be 
done by a circuit doing arithmetic and/or logical operations, 
Where only the reference temperatures are stored on the 
memory. The circuit determines depending on the signal of 
the temperature sensor, the type of the temperature sensor 
and the reference temperatures the code Words as explained 
for the code table. 

[0048] FIG. 5 depicts a diagram With a ?rst line 30 for the 
sensed temperature of the single point sensor and a second 
line 31 for the continuous temperature sensor depicting the 
junction temperature of the selecting transistor in degree 
Celsius. In this example the ?rst reference temperature Tjx 
corresponds to 60 degree Celsius junction temperature of the 
selecting transistor. A ?rst temperature range 33 is beloW the 
?rst reference temperature Tjx, a second temperature range 
34 is betWeen the ?rst reference temperature Tjx and the 
second reference temperature Tj7.8, a third temperature 
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range 35 is betWeen the second reference temperature Tj7.8 
and the third reference temperature Tjom and a fourth 
temperature range 36 is higher than the third reference 
temperature Tj om. 

[0049] Depending on the used embodiment, the values for 
the reference temperatures may be programmed on the 
memory 1, e. g. by using a storage With programmable fuses. 

[0050] As it may be seen in FIG. 5, the tWo most signi? 
cant bits indicate in a rough but simple manner temperature 
regions and the six least signi?cant bits of the code Word in 
combination With the tWo most signi?cant bits indicate a 
more precise temperature information in ° C. referred to a 
reference temperature. 

[0051] The code circuit 13 or the evaluating circuit 22 
Write only the ?rst tWo most signi?cant bits in the code Word 
if a single trip point temperature sensor is used. Additionally, 
if a continuous temperature sensor is used, then the code 
circuit 13 or the evaluating circuit 22 Writes the tWo most 
signi?cant bits and the six least signi?cant bits of the code 
Word in the code register 14. The control circuit 2 or the 
external memory controller may check only the ?rst tWo 
signi?cant bits of the code Word for receiving a rough 
temperature information or check also the six least signi? 
cant bits of the code Word if the a control unit 2 needs a more 
precise information about the temperature of the memory 1. 

[0052] The code circuit 13 or the evaluating circuit 22 
Writes the ?rst tWo bits of the ?rst part of the code Word 
according to the signal of the single trip point sensor. The six 
bits of the second part of the code Word are ?lled With the 
bit combination 111111. It is advantageous to use a ?xed bit 
combination 1 111 11 for the second part corresponding to the 
maximum temperature difference, so that the control unit 2 
or the external memory controller does not trigger a tem 
perature dependent action, Which could be the case for other 
codes signifying a smaller temperature difference and a 
control that reacts also on the second part of the code Word. 

[0053] The code circuit 13 or the evaluating circuit trans 
fers the signal of the continuous temperature sensor in a code 
Word, Whereby at least one bit of the ?rst part of the code 
Word indicates a temperature range limited by a reference 
temperature. The bits of the second part of the code Word 
indicate a difference temperature to the reference tempera 
ture. The control unit 2 or further units that use the code 
Word have an information With the temperature ranges and 
the reference temperatures that correspond to the ?rst part of 
the code Word. Furthermore, the control unit or the further 
units that use the code Words have an information With the 
temperatures that correspond to the second part of the code 
Word. The temperature range decides Whether the difference 
temperature has to be added or subtracted from the reference 
temperature. This information may be stored or an evaluat 
ing unit may be disposed that calculates the temperature 
using the code Word. 

[0054] Another advantage of the code is that the control 
ling unit 2 or the external controlling unit or other circuits 
need not knoW the reference temperatures, as they are 
implicitly coded in the ?rst part of the code Word. The ?rst 
part indicates the temperature ranges that correspond to 
reference temperatures Which signify a predetermined func 
tional requirement, eg the temperature for doubling the 
refresh frequency. Thus, different memories could use dif 
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ferent reference temperatures that are not known to the 
memory controller 2 or the external controller and need to be 
knoWn, as the memory controller 2 or the external controller 
can simply react on the indication alone or beloW a reference 
temperature that is indicated by the ?rst part of the code 
Word. In addition, if a continuous temperature sensor is used, 
the controller unit 2 or the external controller do not need to 
knoW the different possible reference temperatures, but can 
react on the difference to an unknoWn reference temperature. 
The difference is indicated by the second part of the code 
Word. There might be several reference temperatures per 
memory. 

[0055] In a further embodiment the ?rst part indicates a 
temperature range and the second part indicates a tempera 
ture difference to a reference temperature, the code circuit 
Writes depending on the signal of the temperature sensor a 
predetermined code in the ?rst part and a further predeter 
mined code in the second part depending on the signal 
and/ or the type of temperature sensor. 

[0056] In another embodiment the ?rst part indicates a 
temperature range limited by a reference temperature and 
the second part indicates a temperature difference to the 
reference temperature, the code circuit Writes depending on 
the signal of the temperature sensor a predetermined code in 
the ?rst part and a further predetermined code in the second 
part depending on the signal and/or the type of temperature 
sensor. 

[0057] While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 

What is claimed is: 
1. A memory device, comprising: 

a memory array; 

a temperature sensor that measures a temperature of a part 
of the memory device; and 

a code circuit communicably coupled to the temperature 
sensor in order to receive an input representative of the 
measured temperature and Wherein the code circuit is 
con?gured to output a code Word re?ective of the 
temperature measured by the temperature sensor and 
the type of the temperature sensor; the code Word 
having a ?rst part de?ned by at least one bit for a ?rst 
type of temperature sensor and the second part de?ned 
by at least one bit for a second type of temperature 
sensor; and Wherein the code circuit is con?gured to 
output the ?rst and second parts of the code Word 
depending on the signal of the temperature sensor. 

2. The memory of claim 1, Wherein the ?rst part indicates 
a temperature range and the second part indicates a tem 
perature difference with respect to a reference temperature. 

3. The memory of claim 1, Wherein the ?rst part indicates 
a temperature range With respect to a reference temperature 
and the second part indicates a temperature difference With 
respect to the reference temperature. 

4. The memory of claim 1, further comprising a table 
containing a plurality of values for the ?rst part and the 
second part of the code Word; Wherein the code circuit is 
con?gured to access the table in order to convert the signal 
of the temperature sensor into the code Word. 
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5. The memory of claim 1, further comprising a refresh 
control circuit con?gured to control a refresh operation of 
the memory array depending on the code Word. 

6. A memory device, comprising: 

a memory array; 

a temperature sensor that measures a temperature of a part 

of the memory device; and 

a code circuit communicably coupled to the temperature 
sensor in order to receive an input representative of the 
measured temperature and Wherein the code circuit is 
con?gured to output a code Word re?ective of the 
temperature measured by the temperature sensor and 
the type of the temperature sensor; the code Word 
having a ?rst part de?ned by at least one bit for a ?rst 
type of temperature sensor and the second part de?ned 
by at least one bit for a second type of temperature 
sensor; Wherein the ?rst part represents a temperature 
range limited by a reference temperature and the sec 
ond part represents a temperature difference With 
respect to the reference temperature. 

7. The memory of claim 6, Wherein the code circuit 
comprises an evaluating circuit to perform the converting of 
the signal from the temperature sensor, and further com 
prises an A/D converter connected betWeen the temperature 
sensor and the evaluating circuit. 

8. The memory of claim 6, Wherein the temperature sensor 
is one of a ?rst type of temperature sensor con?gured to 
detect Whether the temperature of the memory is higher or 
loWer than a reference temperature, and a ?rst type of 
temperature sensor con?gured to detect a speci?c tempera 
ture value calculated as a difference betWeen the reference 
temperature and one of a plurality of prede?ned temperature 
values. 

9. The memory of claim 8, further comprising a register 
for storing the reference temperature. 

10. The memory of claim 6, further comprising an exter 
nal interface for communicating With an external control 
circuit to Which the code Word is provided, the external 
control circuit being con?gured to issue control signals 
responsive to the code Word according to prede?ned rules. 

11. The memory of claim 6, further comprising a control 
circuit con?gured to control at least one of a Writing or 
reading operation of the memory array depending on the 
code Word. 

12. The memory of claim 6, further comprising a table 
containing a plurality of values for the ?rst part and the 
second part of the code Word; Wherein the code circuit is 
con?gured to access the table in order to convert the signal 
of the temperature sensor into the code Word. 

13. A dynamic memory, comprising: A memory device, 
comprising: 

a memory array comprising a plurality of memory cells; 

a temperature sensor that measures the temperature of a 

part of the memory device; 

a code circuit communicably coupled to the temperature 
sensor in order to receive an input representative of the 
measured temperature and Wherein the code circuit is 
con?gured to output a code Word re?ective of the 
temperature measured by the temperature sensor and 
the type of the temperature sensor; the code Word 
having a ?rst part de?ned by at least one bit for a ?rst 
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type of temperature sensor and the second part de?ned 
by at least one bit for a second type of temperature 
sensor; Wherein the ?rst part represents a temperature 
range limited by a reference temperature and the sec 
ond part represents a temperature difference With 
respect to the reference temperature; and 

a refresh control circuit con?gured to control a refresh 
operation of the memory cells depending on the code 
Word. 

14. The dynamic memory of claim 13, Wherein the refresh 
control circuit is an external memory controller. 

15. A method for determining a temperature of a memory 
device With memory cells, comprising: 

outputting, by the evaluating circuit, a code Word re?ec 
tive of a measured temperature of the memory device 
and the type of temperature sensor used to measure the 
temperature; the code Word having a ?rst part de?ned 
by at least one bit for a ?rst type of temperature sensor 
and the second part de?ned by at least one bit for a 
second type of temperature sensor; and Wherein the 
code circuit is con?gured to output the ?rst and second 
parts of the code Word depending on the signal of the 
temperature sensor; and 

changing an operating characteristic of the memory 
device dependent on the code Word. 

16. A method for determining a temperature of a memory 
device With memory cells, comprising: 

sensing, by a temperature sensor of the memory device, a 
temperature; 

receiving, by an evaluating circuit, an input representative 
of the measured temperature; 

outputting, by the evaluating circuit, a code Word re?ec 
tive of the temperature measured by the temperature 
sensor and the type of the temperature sensor; the code 
Word having a ?rst part de?ned by at least one bit for 
a ?rst type of temperature sensor and the second part 
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de?ned by at least one bit for a second type of tem 
perature sensor; and Wherein the code circuit is con 
?gured to output the ?rst and second parts of the code 
Word depending on the signal of the temperature sen 
sor. 

17. The method of claim 15, refreshing the memory cells 
in a manner dependent on the code Word. 

18. The method of claim 15, accessing the memory cells 
in a manner dependent on the code Word. 

19. A memory device, comprising: 

a memory array; 

a temperature sensor proximate the memory array and 
con?gured to measure a temperature; and 

an evaluating circuit con?gured to receive a signal rep 
resentative of the temperature measured by the tem 
perature sensor and con?gured to generate a code Word 
indicative of the measured temperature and a type of 
the temperature sensor, the temperature sensor being 
selected from one of at least tWo different temperature 
sensor types. 

20. The memory device of claim 19, Wherein the code 
Word generated by the evaluating circuit includes a ?rst 
portion comprising one or more bits, the ?rst portion being 
capable of representing at least tWo temperature ranges 
according to a value of the one or more bits. 

21. The memory device of claim 19, Wherein the code 
Word generated by the evaluating circuit further includes a 
second portion comprising one or more bits, the second 
portion being capable of representing a plurality of speci?c 
temperature values according to a value of the one or more 
bits, the speci?c temperature values being calculated by the 
evaluating circuit With respect to one or more reference 
temperatures. 

22. The memory device of claim 19, Wherein the at least 
tWo different temperature sensor types include a trip point 
sensor and a continuous sensor. 

* * * * * 


