DYNAM C MEMORY DEVI CE W TH REFRESH Cl RCU T AND REFRESH

NMETHOD Field of the Invention 5 ?h?,, sesent invention

rel ates to a dynanmic nenory device, and a nethod t© r'eéf resh a dynam c
menory devices, as for exanple but not limted to a Dynam ¢ Random

Access Menory (DRAM . Background of the Invention 10 Dynam ¢

menory devi ces such as DRAM need to be Tkfreshed. This consumes

energy. In many systens energy consunption is very crucial for perfornance,
and the power used for DYNANMIC MEMORY DBEVICEduced.
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During standby 15 node critical data can be stored in the SRAM and the
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Access Memory (DRAM).

Backeround of the Invent_io

10 Dynamic memory devices such as DRAM need to be refreshed. This consumes
' energy. In many systems energy consumption is very crucial for performance, and the
power used for refreshing should be reduced.
Energy consumption can be reduced by using a memory that consists not only of a
DRAM but also of a less power consuming static memory (SRAM). During standby
15  mode critical data can be stored in the SRAM, and the DRAM can be switched off and
not refreshed. Providing an SRAM leads to additional cost and space. Moreover, two
different memory access cycles are required.
US Patent 5,331,601 describes a memory device that alters the input refresh
addresses to access fewer memory cells to save power, or to address more memory
20  cells to decrease the refresh time. The circuit contains a simple transistor configuration
that blocks certain address bits, then substitutes active bits in their place to the address
decoder. The circuit also includes a controller that is responsive to the memory device
entering the refresh mode. When the device is used in refresh mode, the address bits
may be passed unblocked to the address decoder for full user control.
25 Another prior art reference, European patent application 488 593, relates to the
stability of the refresh in case the power supply fails.

FIG. 1 shows a schematic block diagram of prior art dynamic memory device 101.
Dynamic memory device 101 comprises memory array 110, address generator 112
30  and decoder 114. The combination of address generator 112 and decoder 114 is
referred to as refresh circuit 130. As shown in FIG. 1, dynamic memory device 101
also comprises data terminal 120 and optional terminal 116. Memory array 110
comprises a multitude of storage elements 111 and data accessing means 118. Data
accessing means 118 is provided to write, read and update data which is stored in



that bl ocks certain address bits, then substitutes active bits in their

pl ace to the address decoder. The circuit also includes a controller
that is responsive to the nenory device entering the refresh node.
When the device is used in refresh node, the address bits may be

passed unbl ocked to the address decoder for full user control. 25

Anot her prior art reference, European pa‘t%‘nt application 488 593, rel ates
to the stability of the refresh in case the power supply fails.

FIG 1 shows storageelera¢nts 1 Hi. dddta accaspirgmedns 118 Breonndctedyto stdtage @Rimenis 1devi ce
101. ‘%‘J’HW 3y device 101 conprises nenory array 110,

addr ess generaflo and decoder 114. The conbi nati on of address
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menory a ay 110, the nunber of bl ocks 113 is n. Block addresses
aferr], aferr] -Dynﬁr{ié?fxfelno?yF &eviRA0T 3hn e ARSI other components via data
terminal 120 or optional terminal 116. Optional terminal 116 can provide control signal
121 for address generator 112. For example, control signal 121 can be a clock signal.”
In one refresh cycle, address generator 112 generates block addresses 119 (a;, a;
15 ... a) for all blocks 113 (Ay, A; ... A,) of memory array 110. Block addresses ay, 3
... @ can have, for example, ascending or descending values. Block addresses ay, 2;
... & are supplied to decoder 114. Decoder 114 sends refresh signals 115 to
corresponding blocks 113 on memory array-110. Upon receiving refresh signal 115
the information of all storage elements 111 of one block 113 is updated by data
20  accessing means 118, thus each block 113 is refreshed. At the end of each refresh
cycle, address generator 112 resets automatically and the cycle can start again when a
clock signal is available. The clock signal can be supplied as control signal 121 via
optional terminal 116. It can also be generated by address generator 112 itself.
It is frequently the case with a DRAM, that data is stored in an array comprising
25  memory cells which are arranged for example in rows. In such a case the memory cells
- correspond to storage elements 111, the rows to blocks 113, a counter to address
generator 112, a row decoder to decoder 114, and data accessing means 118 comprises
charge detection circuits for reading the information. Row addresses are generated in
the counter and supplied to the row decoder. The row decoder is connected to each row
30  viaoutputs 117. The signals at the outputs of the row decoder are the above mentioned
refresh signals 115. When refresh signal 115 is applied to a particular row, the
information of every single memory cell of that particular row is read and the capacitor
of that memory cell is recharged if required, thus that row is refreshed.
For convenience of explanation and not intended to be limiting the following
35  exampleis given:

In a DRAM having an array of 1024 x 1024 memory cells for storing 1 Mbit data,
the memory cells are arranged in 1024 rows designated as A, ... A;gy. The row




to blocks Alerr], Alerr] ... Alerr]. There is one block address aferr] for

one block Alerr]. Qutputs 117 of decoder 114 are connected to
stordge elenments 111 of correspondi ng bl ocks 113. Address generat or
112 is connected to decoder 114 and generates bl ock addresses 119
(af[err], a[err] ... a[err]) correspondi to blocks 113 (Alerr], Aerr]...
10 Aerr]). Dynanmi ¢ nenory device 101 can be connected to

ot her conponents via data termnal 120 or optional term nal 116.
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FIG. 1 shows a schematic diagram of a dynamic memory device as known in prior art;

and
FIG. 2 shows a schematic diagram of a dynamic memory device with modified refresh
25 circuit according to a preferred embodiment of the invention.

AILED DES ON OF THE DRAWINGS

FIG. 2 shows a schematic diagram of dynamic memory device 201 with modified
30  refresh circuit 230 according to a preferred embodiment of the invention.
As in the prior art, dynamic memory device 201 comprises memory array 210,
address generator 212 and decoder 214. Additionally, dynamic memory device 201
comprises reference register 222 or other storage means and control logic 224.
Dynamic memory device 201 also comprises data terminal 220 and optional terminals
35 216, 226, 236.



35 cexanple is given: In a DRAM having an array of 1024 x 1024
menory cells for storing 1 Mit data, the nmenory cells are arranged
in 1024 rows designated as Alerr] ... Alerr]. The row

-3 - decoder is connected to each row and supplies above nentioned
refresh signals 115 to the rows. The counter produces increasing
addresses a[err] which are integer nunbers” fromaJerr] =1 to aferr]
= 1024. When, for exanple, the address a[err] = 256 is supplied to
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A physical group of storage elements 211 in memory array 210 is referred to as
block 213. Each block 213 is logically designated by A, A; ... A,. In memory array
210, the number of blocks 213 is n. Block addresses 219 a,, a; a, are logically
assigned to blocks Ay, A; ... A,. There is one address a; for one block A;. Outputs 217

15 of decoder214 are connected to storage elements 211 of corresponding blocks 213.

In FIG. 1 and FIG. 2 the reference numbers 101/201, 110/210, 111/211, "
112/212, 113/213, 114/214, 115/215, 116/216, 117/217, 118/218, 119/219, 120/220,
121/221, 130/230 stand for analogous components or signals. However, their
operation or function is different as a consequence of the embodiment which will be

20  explained in detail referring to FIG. 2.

Reference register 222 is used to store a reference address a.. In FIG. 2, reference
address a, is indicated by number 223. The reference address a, can be provided to
reference register 222 by optional terminal 226. Control logic 224 is connected at input
227 to address generator 212 and at input 229 to reference register 222. Decoder 214 is

25 equipped with ENABLE-input 234 connected to output 225 of control logic 224.
Optional link 250 can be provided between memory array 210 and reference register
222. Optional terminal 236 can be provided for feeding signals to control logic 224.

Address generator 212 continually supplies block addresses 219 (ay, ; ... a,) to
decoder 214.

30 The constant reference address a, appears at input 229 of control logic 224. At
input 227 of control logic 224 an address a; of the changing addresses ay, 4; ... a, from
address generator 212 is present. Control logic 224 compares this address a; with the
reference address a; and switches decoder 214 ON and OFF according to a logical
function f(a;, a,) implemented in control logic 224. The logical function f(a;, a,) can be

35  expressed by terms such as greater or smaller than, odd or even, modulo, etc. In that
way, decoder 214 sends refresh signals 215 to memory array 210 only when it is
enabled by control logic 224 at ENABLE-input 234.




and a nethod for refreshing such devices that reduces or overcones the
above ment i oned problens of prior art. 20

BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 shows a schematic diagram
of a dynam c nenory device as known in prior art; and

FIG 2 shows a schematic diagram of a dx?an1c menory device with nodified
refresh 25 circuit accordingto a preferred enbodi nent of the
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216, 226, 236 supplied via optional terminal 226 or optional terminal 216 or a combination thereof,
or it can be stored within dynamic memory device 201.
In the preferred embodiment for a DRAM, control logic 224 is a comparator. For
example, control logic 224 enables decoder 214 for a;< a,and for a;= a,. It disables
10 decoder 214 for a;> a, . For example, assume there are n=1024 rows from A; to Ajps
" which have addresses from a; = 1 to ajp4 = 1024, and that reference register 222 has
the value of a, = asjp = 512. Address generator 212 generates addresses a; which are in
this example numbers from 1 to 1024 and returns to 1. When these addresses are
smaller or equal to 512 than decoder 214 is enabled and rows A; to As;, are refreshed.
15  Then address generator 212 counts further from 513 to 1024, but decoder 214 is
"disabled and rows Asi3 ,As14 ... Ajop4 are not refreshed. In that example, refreshed
- 1ows Ay ,A; ... Asp, are contiguous. This is convenient but not essential. Rows Ass,
As14 ... Aqo Which are not refreshed can also be contiguous.
In another example for a DRAM, control logic 224 has a different logical function
20 f(a;, a;). For example, when a,= 1, control logic 224 can enable decoder 214 for even
block addresses a; and disable decoder for odd block addresses a;. For a, = 0, control
logic 224 can always enable decoder 214, independently of whether block address a; is
even or odd. In that case a, can have ohly one bit.
In all cases, the operation of address generator 212 with the generation of all block
25 addresses ay, 3; ... 8, in one cycle can be the same as in prior art. Address generator
212 and reference register 222 are independent. The number of blocks 213 in memory
array 210 to be refreshed depends only on the reference address a, of reference register
222 and of the logical function f(a;, a;) which commands control logic 224.
In comparison to the prior art, where all blocks 113 and therefore all storage
30 elements 111 are refreshed, the present invention of FIG. 2 allows one to divide the
total number of storage elements 211 into two sets: a first set of storage elements 211 to
be refreshed, and a second set of storage elements 211 not to be refreshed. The term
"set" is also applicable to blocks 213: storage elements 211 of the first set of blocks 213
are to be refreshed, and storage elements 211 of the second set of blocks 213 are not to
35  berefreshed. In other words, refresh circuit 130 of prior art allows only full refresh of
an array; and refresh circuit 230 of the present invention allows not only full but also
partial refresh of an memory array of storage elements. It is also included in the present




-4 - The conbi nati on of address generator 212 and decoder 214
is referred to as signal provi der 260. The conbi nation of reference
regi ster 222 and control logic 224 is referred to as signal

control l er 270. Signal provider 260 and signal controller 270 form
refresh circuit 230. 5 As in the grlor art, menory array 210
conprises a nultitude of storage el ement 211 and data accessing
means 218. Data accessing neans 218 is provided to wite, read and
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security of data, thus providing fail-safe operation.

The reference address a, as well as the logical function f(a;, a,) and therefore blocks

20 213 to be refreshed can be determined by software and adjusted to the requirements of
the system and of each application.

- In a further embodiment of the invention, reference register 222 can be setto a
certain value a; s, . That value can not be changed from outside dynamic memory
device 201. In such a configuration, control signal 237 is provided at optional terminal

25  236. Depending on control signal 237 memory array 210 is refreshed fully or only
partially refreshed.

In a still further embodiment of the invention, reference register 222 is coupled by
optional link 250 directly to data accessing means 218. The reference address a, is part
of the data stored in the DRAM.

30 Applications for the inventions can be found for a wide range of battery powered
portable systems, as for example, lap top computers, portable computer games, cellular
telephones, pagers, hearing aides, etc.

The above mentioned communication and other systems often operate for a
significant period of time in standby mode when only a certain amount of data needs to

35  bestored. When activated to full operation, the system requires full memory capacity
available within very short time. The present invention makes such operation possible
without use of static memory.




222.° Optional term nal 236 can be provided for feeding signals to control

1 ogi c 224. Address generator 212 continually supplies bl ock
addresses 219 (a[err], a[err] ... aferr]) to decoder 214. 30
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In the pref %?%dprggmpgﬁ,mh for a DRAM control logic 224 is a conparator.
For )
The space which the hardware of the inventive refresh circuit requires is very small

compared to the other elements. As the improved hardware is compatible with existing
15  software, there is no need to modify software at the same time as introducing the
present invention. Compared to the prior art solution of combining static and dynamic
devices, the use of expensive hardware such as for static memory devices can be
significantly reduced or avoided, thus increasing reliability and cost saving.



exanpl e, control logic 224 enabl es decoder 214 for a[err] < a[err] and for
aferr] = aJerr]. It disables 10 decoder 214 for a[err]> aferr]. For
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nunbers from1l to 1024 and returns to 1. Wen these addresses are

smal ler or equal to 512 than decoder 214 is enabled and rows Alerr] to
Alerr] are repagssed. 15 Then address generator 212 counts further from
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which storage elements are in said second sub-set.

25
4. The dynamic memory device of claim 2 which further comprises a terminal to receive
a control signal for said address generator.
5. The dynamic memory device of claim 3 wherein the reference address is supplied to
30 said reference register by an external terminal.

6. The dynamic memory device of claim 3 wherein said control logic is controllable by
a signal applied to an external terminal.
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-6- - I nvention that reference address a[err] and | ogical function

f(a[err], a[err]) can be supplied from out si de dynam ¢ nenory device
201. - When a system whi ch uses dynam c nenory.device 201 requires
full nmenory capacity, reference register 222 can |pbEHBSe3HBEG BATBEEMI|n

val ue a[err], preferably equal to but 5, not excluding the RERAGENddregds

alerr] or the highest address a[err] of'9a'ddress generator 212. Then,
menory array 210 can store the maxi mum anount of data because it wll be
refreshed c@nplmathodfopthegefreshrof dynarhic syeppazy daviessdibving apluralityof stofagest set
contains all bl.ggkssidd thedtids be second set is enpty. The
pr esent invenf]iecljnr?n?ss’ noF fllﬁ%\ teeg%ﬁerel y to the use_of one address generator

10 212, ref 8}iavfilergders ganerating addresssh for spid sipgage elomentyend IOTZA units can
be used and refereedaddestsj N order to specify blocks 213 to be refreshed

o L o DV e ST S P Ao R TSR, 0= 2
201 i Co ' ' b

r ef rlezhed _ngted t dutntionthereby deterntiying lifandydividmal storage elément adc_iressd;elm:tgg c
IO ey oo oo bk e pcpad 6 588 e Blncl Al it | 20 1

can be guarantee ical a reference

regi ster 222 fthsandingvefneshysignalsdg said storage elemeatsionly if saig storage wlement

failure of ref er(ﬁagl%sgegga%},%[o ek fifosob-seof | uences the power consunption and
not the security of data, thus providing fail-safe operation.

The ref ence address alerr] as well as the logical function f(aferr],
alerr]) and g Aalyda@icmbmoskdevice comprising, a plurality of storage elements , a refresh

circuit for providing cyclic refresh signals to said storage elements during a
refresh cycle, and a controller for storing a reference address and enabling a signal
provider so that only those storage elements whose address has a predetermined

15 relationship to said reference address are refreshed and others are not refreshed
during said refresh cycle.

9. The dynamic memory of claim 8 wherein said controller is programmable with
different reference addresses.

20
10. The dynamic memory of claim 8 wherein said controller can be turned on and off
by an external signal.
11. The dynamic memory of claim 9 wherein said reference address is stored in a
25 register coupled to said controller.

I
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20. - 213 to be refreshed can be determ ned by software and adjusted to the
requirenments of the system and of each application. In a
further enbodi ment of the invention, reference register 222 can be set to a
certain value aferr]. That value can not be changed.from oui-si-de—eh ~nic
menory devi ce 201. In such a confjguration, dﬁﬁSeHEEE SAREED3) |
provi ded at optional term nal 25 236. pendi ng &n_ REEMACED
menory array 210 is refreshed fully or only partlally refreshed
In a still further enbodi ment of the invention, reference register 222 is
coupl ed by optional | ABSTRACTOFTHE DISCLOSWREACCESSI ng neans 218.
The reference address aferr] is part of the data stored in the DRAM
30 Applications for the inventions can be found for a w de range of

battery powered port abl BYNANMICOMEMORY®DEWCE | e, | ap top conputers,

e s N R GROUR AR REFRESH RO SUS e Offen

operate for a significant period of time in standby node when onIy a

certain anount af HataRGRHR0 Q}d?%nemgéf&ttﬂén%ﬁ'eshvgmnm'fﬂéﬁ&gl Iglb{:e within

operation, the system equlires nenor y capaC|

very short t(208) areidescribed whereitha zows it be Teike @E&#meéthwb&s Jppgtion
Wl thout use gid B}i @tdféreficeWdadess (223). The availability of refresh s1gnals (215) for the rows

many ot ng s?%fp? Bﬁtgpfﬁ?ﬂf) 0 t on ra(§?4)r}€&etl=,ﬁf£‘nt y troflﬁ)glc (%ﬁ) wr?mslch jnere are
connected to an address generator (212) and to a reference register (222) which
contains a reference address (223). By supplying the reference address (223) to the
refresh circuit (230) it is possible to determine which rows are to be refreshed. The
memory array (210) of the dynamic memory device (201) can be refreshed partially and
15  energy consumption for the refresh can be reduced.

Figure 2 accompanies this abstract.
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and-renote systens where the power source is difficult to nmaintain or even
i'mpossi bl e to replace as, for exanple, in solar or wi nd powered
transmtters, renote earthquake or t emperature sensors, energency
‘beacons, and in satellites. For exanple, reducing size 5 and power
consunption of an inplantable nedical device has an appreciabl e advant age

for the patient, since the battery needf to be exchanged | ess often or not
at all. Wth further reduction oi?energy consunpti on, dynam c nenory
devi ces can be used in applications fromwhich they had been

previ ously excl uded. It wll be appreciated that although only
one particul ar enbodi nent of the invention 10 has been described in
detail, various nodifications and inprovenents can be nade by a

person skilled in the art based ongi he teachings hegein w thout departing
fromthe scope of the presenﬁinventi on. S The space which the

hardware of the inventive refresh ci\gcuit requires ks very snal

conpared to the other elenents. As the inproved hardware is ¢onpatible wth
exi sting 15 éofpa@r‘g_ulgr,e‘j,;nq_ ed_to . podify sof re gt the same
time as introdpci t he t invention. Conparqd t¢ the prior art
sol ution of cojfrbi pikg G o604, (t he (use of
expensi ve hardpar g Swgh as for static nenory devices cdngbe
significantly fedycedlor avoided, thus increasing religbiglity and cost
savi ng. | o f - 8-
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(a):a plurality of storage elenments; 5 (b) a signal provider for sending

refresh signals to said storage elenents and for provi di ng
addresses of substantially all storage el enents; and (c) a
‘programmabl e signal controller coupled to said signal provider for
receiving said addresses and for conparing magni tudes of said
addresses to a magni tude of a é! ference address, said programabl e
signal controlle or controlling said gnal 10 provi der so that,

during a particularg refresh cycle in which addresses for

substantially al ™Rt orage el enments are generated, only a first sub-set of
st or age ments with addresses in a first magnitude relation to
said reference a ess are refreshed and a second sub-set of
storage el enents h addresses in a second magni tude relation to
said reference a&ess are rmt refreshed. 15 &. A dynam c nenory

devi ce conpr|5|n (a)
si gnal sAame SeTIe and
(c) a progrannable S|gnal ol I er coupled to sald S|gnal prOV|der fo

pIuraIity of storagé”elenentS' (b) a

g

control lfi ng mei et 26 = = = =stymat “proviter=so=tfrard during a particul ar
refresh [cycllep onl stbrage el ements are
refreshdd addgd second storage el ene sh are not
refreshed, | sai d signal prOV|der havi ng (i) an address
gener at gr for oo rgeddresses—for t or 6‘6‘| enents; and 25 (Fi)
a decodefr fdr redeiving kaid ad@@esses ron1saigra dress generator and,{in
response to a clpntrol $ugnal rjeceivied f said signal controlfer
sendi ng r ef rles i | S Sad i rist SJb t of storage el emepts
but not fo shi d of STor ?ﬁerrents, spi d
si gnal c-ntrbll in ef erence tsgey fof storing a reference
addr ess fnd B& contro|l logic ¢ Iedﬂtp sal d; reference register, fo
sai d add es% n DY to said ' decpdgr, wherein said contfo
| ogi ¢ -usks SPI S , ddr Sf generpt or |and
said referenpe ddrefs) tb _dpterm ne ich Ftpragp plenents are in paid
' | | / r
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first ksub-set and which storage elenents are in said sgeend.sub-get. 35
"3. ‘The d&/nam' c nmenory device of claim2 wherein the reffeREPIXCEMENTE Eﬁs?

supplied to said reference register by an ext 21 .
4. The dynam ¢ nenory device of claim?2 erein said centfr | 9gj.C IS
tgﬁdgg‘).w_ga

sing the steps of

control | abl ed&m a signal applied to an externdl
-9- 5. rreshod for the refresh of dynam c nenor
plurality of rows with storage el ements, conpr

a) st oring alygfﬁﬁﬁﬂﬁ%égayggﬁ@&,mp@)nggener ating an a el ymened
said rows; ‘1%) Jelating said row address and said reference address by
a | ogical fuf®@nbyalityplsiopge elements; et ernining if a nagnitude of said row

address | bs! Of(lg&t s‘ighagglfoivfcﬁf fob Wéndigy reﬁés}ﬁsigﬂmd Bdaidfstoragﬁ elemdnh&l adtfoof .
magni t udes of row. [ esses; . ing refresh . signals to said row
oty i1 sai o r BV AERSSE of setapyfily ABIREpleBRAEo ™ N2 2, 1O BAT A row
e) repeati ng(eaipogrampmble)signal ehntrblier coupled torraidedignal piolvidenfes receiving said

addresses and for comparing magnitudes of said addresses to a magnitude of a

reference address, said programmable signal controller for controlling said signal
10 provider so that, during a particular refresh cycle in which addresses for
' substantially all storage elements are generated, only a first sub-set of storage
elements with addresses in a first magnitude relation to said reference address are
refreshed and a second sub-set of storage elements with addresses in a second
magnitude relation to said reference address are not refreshed.

15

2. A dynamic memory device comprising:

(a) a plurality of storage elements;

(b) a signal provider for sending refresh signals to said storage elements; and

(c) a programmable signal controller coupled to said signal provider for controlling said
20 signal provider so that, during a particular refresh cycle, only a first sub-set of

storage elements are refreshed and a second sub-set of storage elements are not
refreshed,
said signal provider having
(i) an address generator for providing addresses for said storage elements; and
25  (ii) a decoder for receiving said addresses from said address generator and, in response
to a control signal received from said signal controller, sending refresh signals to
said first sub-set of storage elements but not to said second sub-set of storage
elements,
said signal controller having a reference register for stbring a reference address and
30 control logic coupled to said reference register, to said address generator, and to said
decoder , wherein said control logic uses said addresses generated by said address
generator and said reference address to determine which storage elements are in said
first sub-set and which storage elements are in said second sub-set. '

35 3. The dynamic memory device of claim 2 wherein the reference address is supplied to
said reference register by an external terminal.

4. The dynamic memory device of claim 2 wherein said control logic is controllable by

a signal applied to an external terminal. T
OO NN A
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-6. A nenory conprising: an array of rows; 15 a generator
whi'ch continuously generates row addresses; and a filter coupled
bet ween said generator and said array, said filter consecutively
relating substantially all of said row addresses to a reference address and
dependi ng on a conparison betweén said reference address and said
row addresses sendin refresh signals to sgne of said rows and not
sendi ng ref r &< nagt 5the gefrgsh of dyramio memory devigegfaving a plurality of poweskigh y
conpri si ng: storage ele@ienf] Ectipriding! th¥\Steps of: a generator which

cont i nuousl ya)?%nerate rowoéggr esses; and 25 a filter coupled between

sai d gener at 8 S'OMRP A RAECUP 2G5 ai d filter consecutively rel ating

subst ant i &l | §) géderatihg aaiaddress/fononir efssidsows; a ref erence address and sendi ng
refresh sign | ycuale] ' : ignalys to the
ot her @j é%ég&é§§g? %@%F%gges%nﬁg%@ng n&!)&dﬁ&ggg?%g %{laco g(rnir ECEIy\S/i ng

sai d row addr edetesmiaing iEemapnitpde of pad Fovs pdrvess belongstofirst subgsgy orn segeshr at or

recei ving sai dgiefd b Hagnidiids 66fowliidfesddyd sai d row addresses
consecutivel y, sal

Comeeut I Vel Yy Sl RISl AP P SR SR i
bl ocks Ajerr] ¢étrdndt o n), each block Alerr] being accessible by a single 35
provi des. addrbepetingeadsiebs PERFD I gty B N0l € TETEERG vele
regi ster for storing a reference address; and
6. A memory comprising:
an array of rows;
15 a generator which continuously generates row addresses; and
a filter coupled between said generator and said array, said filter consecutively
relating substantially all of said row addresses to a reference address and depending
on a comparison between said reference address and said row addresses sending
refresh signals to some of said rows and not sending refresh signals to the other
20 rows.

7. A memory comprising:

an array of rows;
a generator which continuously generates row addresses; and

25 a filter coupled between said generator and said array, said filter consecutively
relating substantially all of said row addresses to a reference address and sending
refresh signals to some of said rows and not sending refresh signals to the other
rows said filter having
(a) a decoder receiving said row addresses and sending refresh signals, and

30 (b) a comparator receiving said reference address once and said row addresses
consecutively, said comparator enabling said decoder or disabling said decoder.

8. An apparatus comprising:
a plurality of n blocks A, (i=1 to n), each block A, being accessible by a single
35 addressa;
a generator which in a single refresh cycle provides addresses a, from i=1 to i=n in
any order;

aregister for storing a reference address; and | REPLACEMENT SHEET |
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- 10-

[err] every time said conparator has received an addreang{:ﬂeﬁ;’[J,,\mcorﬁbah g
sai d ‘address a[err] with said reference addr
every tinme said corrpar ator has conpared,gsel ectively f rwardlgng[ ~5al:£he 4

t e

address aferr],t Alerr] so that a refresh operhtion-is éxec d
I n sone of sai d n lE)alr%cks but not in all bl ock e+ D
The appar at us ofecelkrﬁlgrm&ddﬁeegzq;l n said reference address{is constant duri np

a single 10
sai d ref er encee ety d6® shid cpmputathe tad reosivetan address a,,ccmx;iaﬁhgaildiaddmsml :

10

15

20

25

30

35

a conpar at or [err] recejving an.address--af-ef+i-—

SSp—-afie-5 - S

refresh cycle. 10. The appar at u

with said reference address, and
e every time said comparator has compared, selectively forwarding said address a, to

A, so that a refresh operation is executed in some of said n blocks, but not in all
blocks A,.

9. The apparatus of claim 8 wherein said reference address is constant during a single

refresh cycle.

10. The apparatus of claim 8 wherein said reference address is provided from an

external terminal.

11. A dynamic memory comprising:

a plurality of n rows A, (i=1 to i=n) each having storage cells;

a generator which cyclically generates addresses a, for i=1 to i=n;

a decoder receiving one address g, at a time, said decoder being either enabled or
disabled, said decoder when enabled sending a refresh signal to said storage cells of
row A, which is identified by said address a,; and

a control logic cyclically receiving addresses a, and enabling or disabling said
decoder depending on a logical relation between a, and a reference address.

12. A dynamic memory comprising:

a plurality of n rows A, (i=1 to i=n) each having storage cells;

a generator which cyclically generates addresses a, for i=1 to i=n;

a decoder receiving one address g, at a time, said decoder being either enabled or
disabled, said decoder when enabled sending a refresh signal to said storage cells of
row A, which is identified by said address a,; and

a control logic cyclically receiving addresses a, and enabling or disabling said
decoder depending on a logical relation between a, and a reference address a,, said
control logic enabling the decoder for 3, < a, and a, = a, and disabling said
decoder for a, > a, wherein r is a predetermined integer from O to n.

13. The dynamic memory of claim 11 which receives said reference address from an

external terminal.

) ) D



15 11. A dynamic nmenory conpri sing: a plurality of n rows Alerr]
(i=1 to i=n) each having storage cells; a generator which

cyclically generates addresses a[err] for i=1to i=n; ~——g-gecoder
recei ving one address a[err] at a tinme, said decoder bei FéFih@mmgmaqgﬁg
or di sabl ed, said decoder mhen_aﬂabled sendi ng r gfreshk-si-gn ““Io
said storage cells of 20 row Al err] ich is itdentifijed bygsai-d gﬁgress
aferr]; and a control logic cyclically receivin ddr ésses a[@r 1]
and enabling or disabling said decoder dependi ng on a togread
relation between aferr] and sABSTRAETQF THEDPISCLOSURE 12. A dynam c
menory conprising: 25 a plurality of nrows Aerr] (I=IT1ToT™m-—-each..
havi ng storage cells; a generator which cyclically generates

addresses a[err] for i=1 to i =YNAMIC MEMORYIBPEYIEE recei vi ng one address
alferr] atga tine, sai d‘ﬁgﬂ@ﬁggR@gm 'IﬁﬁeANB“I@l"l]@Sﬁ'ME oD di sabl ed,
sai d decosder when enabl ed sending a refresh signal to saT storage cells of

row Alerr] which is identified by said address a[err]; and 30 a
control 1ogic cyshdfessh kixcii@Qe0)4nda bR & réfréhof dfehie RrBlory@evides

di sabl i ng sai . coder dependi n n,a logical .rel ati.on_bet.ween
Alerr] and a (aDaredheerond S B ravt (o besnfiephed fe deflnmited by p reisdd graction
enabl i ng t he atdbydaefefence address](223)a[The ayailabilitypfvefrpshsigriaby 2] S)eforthdirswbl i ng
sai d f r Rei 11Sq1 ( r-gi ned
ot eger 19 om ®HECSUBHEE (213 oftdbdr T23) B determilU G nfol 155iP (PR W
recei ves sai dconpgoteddnen addrassegenernion (2 12hand to a reference ragistar4222) avhigal .

contains a reference address (223). By supplying the reference address (223) to the

refresh circuit (230) it is possible to determine which rows are to be refreshed. The

memory array (210) of the dynamic memory device (201) can be refreshed partially and

15  energy consumption for the refresh can be reduced.

Figure 2 accompanies this abstract.



