. ;e3etq "> P6TSX- _,,, PEAK PROGRAM CURRENT REDUCTI ON APPARATUS AND METHCD
FIELD OF THE INVENTION 5 This invention relates to apparatus and neth??s

for reducing peak pro in MRAM type nenories and the like.
- BACKGROUND OF THE INVamﬁmwﬂm the progranm ng of a xn-bit nenory, such
as an n-bit tunnel junctl mory or, t he I|ke there_is ed for
n-digit line currents |, o%%*n' wordline Tcurrents gﬁ'%ﬂl Ezqq
currents I, where 15 'n' is the nunber of bits in a mord e.g. 16, 32 64,
etc. The total programming current of 'n' digitlines adds up to nl current

which i's an unaGsARt A GsHAY YurdENT REBTUEION Mrembirue WmPiNERRIBry. the

programming of a 16 bit word requires 16 bitline 20 currents, or 161, to
flow fromthe current supply. Wien 161 current flows through the current
supply lines, which are made up of netal and vias connecting | ayers of
metal together, the vias beconeIBLDnert OHE| ENVENTIQNati on damage, or
mgration of the netal, 25 due to the excessive current flow. Accordingly
it is highly desirable to provide apparatus which overcones these probl ens
and which is | AVI AA1991

5 This invention relates to apparatus and methods

for reducing peak program current in MRAM type

memories and the like.

BACKGROUND OF THE INVENTION
10
In the programming of a xn-bit memory, such as
an n-bit tunnel junction MRAM memory or the 1like,
there is a need for n-digit line currents I, or 'n'
wordline currents I, or 'n' bitline currents I, where
15 'n' is the number of bits in a word, e.g. 16, 32, 64,
etc. The total programming current of 'n' digitlines
adds up to nI current which is an unacceptable level.
For example, 1in a 256 x 16 bit memory, the
programming of a 16 bit word requires 16 bitline
20 currents, or 16I, to flow from the current supply.
When 16I current flows through the current supply
lines, which are made up of metal and vias connecting
layers of metal together, the vias become prone to
electromigration damage, or migration of the metal,
25 due to the excessive current flow.
Accordingly it is highly desirable to provide

apparatus which overcomes these problems and which is

*G00002*




~ 2 11 June 2002 inexpensive and easy to install and use. BRI EF DESCRI PTI ON
OF THE DRAWNGS 5 Referring to the drawings: FIG 1 is a sinplified
schematic view of a menory connected by standard apparatus to a power
~supply; FIG 2 is a sinplified schematic view of one 10 enbodi nent of
apparatus including a menory connected to power supply.in_acc nce with
the present invention; FIG 3 is a sinplified schenaticy%iigy%fféﬁgther
enbodi ment of apparatus including a nenory connected 15 to a power supply
in accordance with the present invention; FIG 4 is a schematic view of a

preferred enbodi @0 i PP AL &Sy NES Uk $¥8a Bl NBA®IYs&0onnected to a power
supply in accordance with the present 20 invention; FIG 5 is a schematic

view of a nufti-phase clock generator for use in the apparatus of FIG 4;
and FIG 6 is a sinplified schematic view of another 25 enbodi nent of
apparatus simlar to Fl G BRIENMESTRERTEON | OF SO rDRACEN®Et h t he present
i nventi on. 3 11 June 2002 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Turning nowto FIG 1, a sinplified schematic viewis illustrated of a
menory 10 connected by 5 standard apparatus 11 to a power supply 12. Menory
10 includes an arrayRefenehngyteecthe duawhpgstated in rows and colums in a
wel | known fashion. Generally, a romA(e.lg, 15) of nmenpry cells includes
'n' bits which defingr@- wor diswhéresimplisiede sahipnatis pilgy of a
memory connected by standard apparatus to a power
supply;
FIG. 2 1is a simplified schematic wview of one
10 embodiment of apparatus including a memory connected
to a power supply in accordance with the present
invention;
FIG. 3 is a simplified schematic view of another
embodiment of apparatus including a memory connected
15 to a power supply in accordance with the present
invention;
FIG. 4 1s a schematic view of a preferred
embodiment of apparatus including a memory connected
to a power supply in accordance with the present
20 invention;
FIG. 5 1is a schematic view of a multi-phase
clock generator for use in the apparatus of FIG. 4;
and
FIG. 6 is a simplified schematic view of another

25 embodiment of apparatus similar to FIG. 4 and

connected in accordance with the present invention.



.10 in the word, e.g. 8, 16, 32, 64, etc. Each columm of cells has a current
line 17 connected thereto for supplying current to a selected cell in the
colum. Current lines 17 nmay be, for exanple, digit |lines, wordlines,
bitlines, etc., depending upon the 15 term nology and type of cells 13
included in menory array 10. In this stanq?rd appar at us lqﬁqg 0#66 nt |ine
17 is connected to a separate current source 19 and eac% cUr?ent”source 19
is in turn connected to power 20 supply 12. Generally, the entire structure
(except for power supply 12) is fabricated on a sem conductor chip with an
external termnal for pegeReeinros peWetEs pREFERRZD eMEo® 1¢ENTS Al SO,
connections or current supply lines, designated 22, between current sources
25 19 and the external term nal or power supply 12 are fabricated in a
plurality of layers of netal connected by vias in the sem conductor chip.

4 11 June 2002 FurthBuynadd new cusr BAG.sdur cas siopli fa edor sicleemaehabl ed

si mul taneously by applying an enable signal to a current control (not
shown). Thus, svhee dath idflushaated cefl sadmeremn dfouaenoeceadr épy 5
designated 'I', nl current is drawn from power supply_12 when an 'enable

si gnal isdapplietendwed APPREAEBAt 1l ds 3 hPOURR EuPPéMt l2uppl YemPres 22,
whi ch are made up of npetal and vias connecting | ayers_of netal together,
the vias beconel rblﬁ%l‘tl%eﬁoa%l%’é’f"f%n@%r%??%ﬁ’d%%é%,l%r HEFERFEN bR the

nmetal, due to the excessive current flo This electrom gration n
Subst antial |y rEQHR e R he P T HES tR 3l Fabt | KEGWD EAaR0Y. 100SHF Y now t o

FIG 2, a sinplified schemati¢,15 diagram.is. iqJlustrated of ,apparatus 25
for reducing pé%krﬁ?bgﬁ%ﬁ?tu?%&nfxfnm%@goYdéﬁggjﬁﬁ%%ciﬁge%reggn?b% Venti on.

Apparatus 25 | M‘Qﬁsggfﬁﬁg‘)gngféd,aw%‘é%e” 'Sglgcﬁq@ﬁlfr%@r £l 9ok

generator 28. nory I ncludes an array of nmenory cells 29 arrang%d in 20

rows and;gol umsyapde hayi-ag &.pl ugalisy £9) @4 caf&entpienmHehsn30s Menory
cells 29 are integrated into a sem conduct or chlp 32, along with current

termnals 30, cosrest nseUrgesudiaaitd TiveK 1genesmhoctdd. tEenal | Forcurrent
is supplied through current 25 source 27 to nmenory cells 29 froma power
supply 33 by nesispdiiggneeeteans tor £Lusebattedppkyll iimescldd, cobiuah. ar e
made up of netal and vias connecting the 5 11 June 2002 | ayers of netal

t oget her. Curretbrseppl {iniesesl B5magy ke, sofdpe erbmppeet etigic | hthesle t he
current return lines (not shown) on the opposite side of nenory 26. In this
enbodi nent, nenveydtehés, 29 irtd imegnet | L8 .5 andigpendiess nupony (MRAM
cells and preferably nagnetic tunneling junction MRAM cells or sinply
tunnel jHPcti onSSrTBROPRFY0IBE FYPEhi %t dFgtl®shibe 1tted udecn IVRIRMOT ¥t ands
for Magnetic Randon1A§8ess Menory and is defined herein as including any of
t he array .

In this standard apparatus, each current line 17
is connected to a separate current source 19 and each
current source 19 1s 1in turn connected to power

20 supply 12. Generally, the entire structure (except
for power supply 12) is fabricated on a semiconductor
chip with an external terminal for connecting power
supply 12 to the chip. Also, connections or current
supply lines, designated 22, between current sources

25 19 and the external terminal or power supply 12 are
fabricated 1in a plurality of layers of metal

connected by vias 1in the semiconductor chip.



.10 relatively recently developed thin filmmagnetic nmenory cells including
magneti c tunneling junctions (MIJ), giant nagnetic resonance cells (GW),
and thin magnetic filmjunctions separated by an el ectrical conductor or an
-electrical insulator, etc. Exanples 15 of MRAMs of each of these types are
described in the patents set forth below, all of which Jg{e inco%@@ at ed
herein by reference. U S. Patent No. 5,702, 831, entitle “FEY o g%etic GWR
Material", issued 30 Decenber 1997; U. S. Patent No. 5,732,016, 20 entitled
"Menory Cell Structure in a Magnetic Random Access Menory and a Method for
Fabricating Thesepfher) Saued 24 Maneheh99&o1aitbd). B9 Raf eat w¥ed Sard2, 831,
entitled "Multi-Layer Magnetic Tunneling Junction Menory Cells", issued 31
March 1998. 25 é&mgbreeghsofuatphebakiliyy tyn)awdl gind chas edbble colmest ed to
each of the plurality (n) of current termnals 30 and to current source 27.
Each switch 6tdlaJuner2f@? cdhtewipl @ies showhpct r Ghius ,cigicudd eddich
connects current source 27 to the associated current termnal 30 in an ON
mode and di sconmect sheurrerit smirlee XJrdwom ehe avouditat exf cuewernent er mi nal
30 in an OFF 5 node. Al so, each switch 31 includes a switching input 36
connecteddto redesi@natedock' sihafurFomt cldcke YeneF BRBrOrP8eY oFUR Y chi ng
each switch 31 between the OFF m)de' and the ON node._ O ock generator 28 has
a plurality of btt PR -8% hr SRYALA0 WiFRadnel8ackPRbipted t W€ Ewitch

31. Cock generator 28 Ls constructed to sequentially .provi a .cl ack
signal to gach O TRt p%g?‘éﬁi Ebri%?g WICPEHI%H uiS I q. yl‘llﬁ’aﬁs\/:‘gz,e' RS

n' dicf)Eerent p%%sde éia(t:)nal s._15 Ii:hrouglh Vi nmea%rthe

generator 28 produc%s ] L8 22400 LML
‘n'" outputs so that Sﬂfey YheP el BEEFONIE W TR FRVBRE “&8FumtYS

cells 29 is turrﬁngg p\l a{:o?ﬁ%g@, He(:ﬁeit %}1%]@ d %%&H?rﬁe]r sgﬁo&é hattgwi t ches
i e

31 coul d be connécted in € current return nes on pposite Side of

Temory 2y 11 201 destsftordidh subkabes 3L cpipesteth i Beeldhierndbe ourrent

source lines (current termnals 30) or the current return lines (not

shown), currentgseur cgo 27 tHOVi E8& ¥ eONe cRERGHRNMIT AgogUrrent thag a
time. Therefore, connections or current supply lines 35 25 only have one
current | flow ageatranygtatboandan t slbsoanbbatlectraliqs athen btEairs so
that the life and reliability of apparatus 25 is substantially 7 11 June
2002 i nproved. &hdileelbabilieyrefjuneroryotO progranm ng may be increased by
programming a single bit at a tinme instead of 'n'" bits, it wll be

under st ood that thisTesniemenai ytd i Fil6ed 2.0 pr gmphiifigdins cheraesc 5 not

sl ow the operation of the nmenory. .
15 diagram is illustrated of apparatus 25 for reducing

peak program current in accordance with the present
invention. Apparatus 25 includes a memory 26, a
current source 27, and a clock generator 28. Memory
26 includes an array of memory cells 29 arranged in
20 rows and columns and having a plurality (n) of
current terminals 30. Memory cells 29 are integrated
into a semiconductor chip 32, along with current
terminals 30, current sources 27 and clock generator
28. Generally, current is supplied through current
25 source 27 to memory cells 29 from a power supply 33
by means of connections or current supply lines 35,

which are made up of metal and vias connecting the



. Turning nowto FIG 3, a sinplified block diagramis illustrated of another
enbodi nent of apparatus, designated 25, for reducing peak program current
in accordance with the present invention. In 10 this enbodi nent, conponents
-which are simlar to the enbodinent illustrated in FIG 2 are designated
with simlar nunbers and a prine is added to the nunbe%t ind%&@e a
di fferent enbodi nent. Apparatus 25' includes a menory $9 ity (n)
of switchable 15 current sources 27', and a clock generator 28 . Menory 26
i ncludes an array of nmenory cells 29" arranged in rows and col ums and
having a pluralidyenf edrRHalt efsyaahsy 30' ,cmr&acgﬁﬁlyhm@wsrem source
side of each colum of nenory cells 29'. In 20 this enbodinent, current is
supplied to eaGhagWTIE&Ntbs oltterPretdd Ofd aipoleie Sthpl yuBdenbyroeans of
connections or current supply lines 35, which are nmade up of nmetal and

vi as connecti nglies | ayet sslodwmetal tlogedhessitrssdd stppdyotry n2s. 35° may
al so 25 include current return lines on the opposite side of nenory 26'.

Swi t chabl e current sburtiess 25thbed onenupl eenarye ceBlg 129 wuamee 200neacdh to
each of the plurality (n) of current termnals 30° so as to provide the
pluralityd(n) ofaregnclrgiestumearysodMBadl)27cedaeh andh rrersaklvt ed
current termnal 30'. Here it should be 5 noted that in some instances when
current sour cesNFReHES tTUHRL HI t HENGH 8Nt MREMur fedilde oF neHRY 26
they are referred to as 'current sinpks'. However, Eor cont'nui%%/si n this

di scl osure, thetiR%} SUPFERPRSour cBOTWHYTRSS S5 et r &85l FEEC LTS R
position in 10 Ehe %i rcuit ch ¢ rrrlgnt Squrce 1%g'ii n(ﬁI u%e% an el ectronic
circuit (e.g. a ?vit@ﬁin c ect'ed”td ﬁpp y CUPTRRELE r SRR ATCSTUr ce 27
to the associ at rr b er [ 03 .Ln:an ; t of-S |y
curront To the SenshyLERY 18 HEthed ol A FRADARE (b 0e SR Y
each swifghabl e S14¢ 1 SOUFELeR 1y | NELHEIESHE SW I ERI NGi 1 HPYhafer £ONNect ed
to receive a clock signal (~Q through Vin) Tromclock generator 28 for

swi tching currepdnseyree12 Heimeshd hea&hbr iede @ 1tikgy GNii®gEond) ock
generator 20 28 has a plurality (n) of outputs ~p through Vin, one each
coupl ed to each(wmwr ! chiytgnt NikdnStlc of e eatdned ¢del Pl WER) | yared €t ent
sources 27'. Cock generator 28 is constructed to sequentially provide

cl ock signals ~pagheoigh f4int 0 2% ehads ok epheapledr aby t ynof e bew t cheanl
inputs. That is, clock generator 28 produces 'n' different phase signals
at the 'n' out pxerdgotehaeroahyedreteirréntinsud atbriuregd 2002Examples

15 of MRAMs of each of these types are described in the
patents set forth below, all of which are
incorporated herein by reference. U.S. Patent No.

5,702,831, entitled "Ferromagnetic GMR Material",
issued 30 December 1997; U.S. Patent No. 5,732,016,

20 entitled "Memory Cell Structure in a Magnetic Random
Access Memory and a Method for Fabricating Thereof",
issued 24 March 1998; and U.S. Patent No. 5,702,831,
entitled "Multi-Layer Magnetic Tunneling Junction
Memory Cells", issued 31 March 1998.

25 One each of a plurality (n) of switches 31 is
connected to each of the plurality (n) of current

terminals 30 and to current source 27. Each switch



. source 27" is turned ON at a tine. Here it should be understood that

swi tchabl e current sources 27" could be connected in the current return
lines on the opposite side of nmenory 26', if desired. Wth 5 swi tchable

" current sources 27' connected in either the current source lines (current
termnals 30) or the current return |ines {not shown), .only aon rent
source 27' i)s conducting current | at a ti6(rre. TherefZJrel,Ol c‘%‘lr?neegcﬁ)ﬂr’]s or
current supply lines 35 10 only have a current | flowing at any tine and
little or no electrom gration occurs so that the life and reliability of
apparatus 25' i3l subgsbaetieal | yni gIramatbniur gigguiaew ¥ifh Gedhnartschemat i ¢
viewis 15 illustrated of a preferred enbodi nent of apparatus, designated
100, i ncl udi ng currnr ysdi¥ce ohhetd edhto aaspodert esuppinyrehd? tfexmipradgr anm ng
in accordance with the present invention. Menory 101 includes an array of
menory cells 13 ainraaged®N nmedes aadd diclaamseciral @@rhewt ngoarpleurzd ity of
current termnals 104. Menory cells 103 are integrated into a semn conductor
chip 105, al ondngn htkar ragfodidtiicharyriest dpmEmalsodfcdd) spRkLF6 and a
cl ock generator 108. Generally, progranm ng current is supplied to each 25
current sourceMQ%k 106~1%0m FREY SHppFY 10 BRCHILSS of RfeRtitdhs or
current supply Jines %%o whi ch %e made up, of net allyoéﬁind vi as_connecti ng
the 10 11 JundBP02°Payet ¥ it qfet 5P tioyetngs . @ SufpRy 155 110

may al so be int reted to inclu current tn line al so esiﬁnated

?%P g S rgt 1 C t

110 in this ent |cr‘]r%nt€{en§r¥att‘r?§ o] %osi P& sfle"5 ﬂ%rm‘??/ 015¥ chrcurrent
/sink 10 t ' 35 | ai

oresenty) s (TTOMT0r a1 ond i Fort | it o R Eel ves BYdor am

data bit d i t [ : i hg, bi i

ata bits an 'dt%f‘e’l%ftb&f oggamdat a P‘lh%a_l&%p?&é' M?k%}l%:;sri ﬁ@ R HadiPgi ©

state of the da Its controls the direCtion o program current

t hrough gach cq umanef RRIDEBLSaklss tE03achs s texanpl.e, current passes from
power supply 102 through each current source/sink 106 to an output |ead

111. Each output |eaddddl isgenengedbed tasthe 1S copvnsteapnedt ed wy ai ns of
a pair of swtching transistors 112 and 113. The source of sw tching
transi stor 112 deyumorniecitled phoovidh a fakstk cellomalll® ofacenofy tded | s 103
and the source of switching transistor 113 is connected through a second
colum 20 116 aflumsnoirty cedf s shO3chiiing gaitramitor. contThAt t ersi nadloa bot h
of the pair of switching transistors 112 and 113 are connected together and
to one of a pl @esuatyt aff IF@Mmephasedbifpiant o?hase t $ighake Pock
generator_ 108. Second, third, and 25 fourth pairs of swtchi ng transi stors
b

are sinmdarly dOHRERdMd Heodde t hfr d, Q@R DU EBREen®IEBurtd¥s/ si nks
106 and to thi redleancd fourth, fifth and 0111 11 Jé,me 2002

Ctronic switch in one column of memory cells 29 is
turned ON at a time. Here it should be understood
that switches 31 could be connected in the current
return lines on the opposite side of memory 26, if

20 desired. With switches 31 connected in either the
current source lines (current terminals 30) or the
current return lines (not shown), current source 27
provides only one programming current I at a time.
Therefore, connections or current supply lines 35

25 only have one current I flowing at any time and
little or no electromigration occurs so that the life

and reliability of apparatus 25 is substantially



. sixth, and seventh and eighth colums of nenory cells, respectively. Al so
the gates of the second, third, and fourth pairs of switching transistors
are connected to different phased outputs of nulti-phase 5 clock generator
©108. A sinplified exanple of a multi-phase clock generator which can be
used as clock generator 108 is iIIustrate& in FIG 6. %prock i t is
supplied to a two bit counter 120 whi ch supplies output si 3 to four
NOR | ogic gates 121, 122, 123, and 124. The two out put signals from counter
120 are supplied directly to gate 121 to produce a first phase signal at
the output of gaim-chald. TheHfiilksttiod theet weuided Sbgnaroddpmicrunt er
120 is supplied directly 15 to one input of gate 122 and the second out put
signal is invemssd be pmaduaaed Segopdoplrasmisggral sahgflke itt pat & gate
122. The first of the two output signals fromcounter 120 is inverted and
suppl i ed to oneilimgpuinstfeahtef 123' abtits heisewonhd bet podesgisgomid itha?0
supplied directly to produce a third phase signal at the output of gate
123. The first tdnd skeoganeralhy tididedhuio sPyparamfiam wbaghedoEX) are
both inverted and supplied to the two i nputs of gate 124 to produce a

fourth piase siftgifalslaw tHhe QRYHRtiom gft Sh,emSTYrhus, four

non-over | appi ng phase si.gnals are provided %L the four q ,p%%; f

mul ti - phase clock g 8 150 wififC pe ndé:’rstwlt"%te ﬁotﬂ]?ferent

types 12 11 June 2002 .of cl.ock .generataors can be devi sed..and .t he one

illustrated i n FIAE*H i s5%i if% I%%%fafgi 5?95 er “enboaiitne | of
apparatus, designated 25', for reducing peak program
current in accordance with the present invention. 1In

10 this embodiment, components which are similar to the

embodiment illustrated in FIG. 2 are designated with

similar numbers and a prime is added to the numbers

to indicate a different embodiment. Apparatus 25
includes a memory 26', a plurality (n) of switchable
15 current sources 27', and a clock generator 28'.

Memory 26' includes an array of memory cells 29
arranged in rows and columns and having a plurality
of current terminals 30', one each on the current
source side of each column of memory cells 29°'. In

20 this embodiment, current is supplied to each current
source 27' from a power supply 33' by means of
connections or current supply lines 35', which are
made up of metal and vias connecting the layers of
metal together. Current supply lines 35' may also

25 include current return lines on the opposite side of
memory 26°'.

Switchable current sources 27' are coupled one



. exanpl e. Thus, the four non-overlapping clock phase 5 signals are applied

to the first, second, third, and fourth pairs of switching transistors,

respectively, to apply programm ng current fromthe associated current

" source/sink 106 and power supply 102 to the connected pair of columms of

menory cells (e.g. 115 10 and 116, etc.). .,The drain term nals of second
q;QﬁFﬁ%q¥%§%r

pair of switching transistors 130 and 131%ire connecte&' ends

of the pair of colums 115 and 116, respectively, and a simlar pair of
switching transistors is connected to the | ower ends of each of 15 the

other pairs of LRIHIMs Thgcisousee trEM palisadlclr ansi)st s kdwandt 131 are
connected together and through a current source/sink 135 to a common, such

as ground. The tgatreimafld ramsi s60as1l30 imreanectied pousalitgt (a0t @i of a
col um decoder 136 and the 20 gate of transistor 131 is connected to a
second out put cfwitdededdre 136urMentovesdappesg #7'er nabichg switlchi regn si gnal s
are avail able on the two outputs of decoding circuit 136 so that either
transi stor 130 dassaurahest i egroent r pasinsnat 391 .i s Berelusti sgpouldcpeof 25
the other simlar pairs of switching transistors are simlarly connected to
decodi ng Ti r cuintotesh thady é 1} tsagifo W tRNAAfd R s BURRT SR QAR ridift 13

11 June 2002 o )
positioned at the current return side of memory 26°'

they are referred to as 'current sinks'. However,
for continuity in this disclosure, the term 'current
source' will be used regardless of the position in
10 the circuit. Each current source 27' includes an
electronic circuit (e.g. a switch) connected to
supply current from current source 27' to the
assoclated current terminal 30' in an ON mode and to
not supply current to the associated current terminal
15 30" in an OFF mode. Also, each switchable current
source 27' includes a switching input 36' connected
to receive a clock signal (¢; through ¢,) from clock
generator 28 for switching current source 27°'
between the OFF mode and the ON mode. Clock generator
20 28' has a plurality (n) of outputs ¢y through ¢,, one
each coupled to each switching input 36' of each of

the plurality of current sources 27'.
Clock generator 28" is constructed to
sequentially provide clock signals ¢, through ¢, to
25 each of the plurality of switching inputs. That 1is,
clock generator 28' produces 'n' different phase

signals at the 'm' outputs so that only one current



. source/sink 106 and current source/sink 135 associated with each pair of
colums is switched to control the anmount and direction of progranm ng
current flowng in the colums. However, since these 5 circuits are not a
“part of this invention, no further description will be provided. Referring
specifically to FIG 6, a sinplified schematic viewis jllustrat of
anot her enbodi nent of apparatus, designated 100", sim | #B"eizla?@eo(% and 10
connected in accordance with the present invention. In this enbodi nent,
conponents which are simlar to the enbodinment illustrated in FIG 4 are
desi gnated W t issiigad a7 NUMPens A o Rid N dimedddebio tthesHuimkense t o
indicate a different enbodi nent. 15 Apparatus 100" includes a nenory 101
connected to ayakefstsumpl yhd®2swi ochabdgr aapiregti Boageesdarrce il t he
present invention. Menory 101" includes an array of nenory cells 103
arranged in rovwse andnoelciieds and tleei nurargritur adeitynof 1éonesendnt ertrd nal s
104'. Menory 20 cells 103" are integrated into a sem conductor chip 105",
al ong with curraamosidran malde 104 |, memorEnt 266ur cef/ sfiaksrads’ amtitdh cl ock
generator 108'. Cenerally, programmng current is supplied to each current
sour ce/ sihk 108WitBAPpeerusEppry SOrcasy 28 ' maamnesgtebnaBet§idietor
current supply lLines 110', which are, nmade up of netal and vial connecting
the layers of ret%l CYbEeRheSOUEHS ehineipg Ly treEREs Beprinaky 39) J@fe 2002

may al so be interpreted to include current retyrn lines (not shown) on the
opposi te side otf%elgrew?gl' T cﬂlﬁ'réerﬁ s e/sachfYﬂls)IO6'°I}1§’i 1955t r at ed

5 with one control i i C ecej ves npraaram dat it nd i.nverse
program data bi %%r%ﬂgﬁocLere&y{ The cbolnr%igur%n T ear%bce I(S)fa e WMS bits
controls the di peéat@] f hrklbipe: gr tmf'p?yj cojum of
menory cells 1; . v aér)l' egg%‘eg?l%rgr ecﬁ{n ?Lg%ggﬂs:es o%]pg\%grgss?p%l y 102
through jgach CY B SAUITLeLSHPENL08" £18wRAgOHEPRN, @atel Bha 1Bagh Hut put
| ead 111" is connécted to the comon connec?ed drains of a pair of

swi tching trangd:stees elb2trand gkhd'ionThee SOt C8o0f W t€hé NG itrpansist or

112" is connected 15 through a first colum 115" of nenory cells 103" and
the source of swlictbing tty ansifst aipdd3atus camnect £d t humsdara: isgdgnd
colum 116" of nmenory cells 103'. The gates or control term nals of both of
the pair of swimghiowgedransistors 112' and 113" are connected 20 toget her
and to ~p of a plurality (n) of different phased outputs of nulti-phase

cl ock generator 108'TurThing emowdi fentFEFf f éhs Br oAchemadhbodvhent is
illustrated in FIG 4 in that the common connected gates or control

termi nalls® of a Wdaidaiad of 25 npafaunasy erlaedinesE sof1APLATRTMER' are

al so connected fo be actjvated by the ~ép out put of nulti phase cl ock
generat or 108" . eglrﬂqaé:rqc’g/’qu.{e mn a memory 101 connected to a

power supply 102 for programming in accordance with
the present invention. Memory 101 includes an array
of memory cells 103 arranged in rows and columns and
20 having a plurality of current terminals 104. Memory
cells 103 are integrated into a semiconductor chip
105, along with current terminals 104, current
sources/sinks 106 and a clock generator 108.
Generally, programming current is supplied to each
25 current source/sink 106 from power supply 102 by
means of connections or current supply lines 110,

which are made up of metal and wvias connecting the



.15 11 June 2002 connected gates of the third and fourth pairs of swtching
transistors are connected to a different phased output (e. g. ~1) of

mul ti - phase cl ock generator 108'. As in the previous enbodi ment, one 5 of
“the colums 115" or 116" is selected by a colum decoder (not shown) and
one of the colums of the second pair of ums is selected

simul taneously. Thus, in this enbodinent,%%#ogranning éf%réﬁﬂei%QQ§Jpplied
to two colums of nenory cells 103" 10 sinul taneously and the current
supplied by power supply 102" through current supply lines 110" is 2T.

Wi | e the progriayady 68rmenkbli sdgeitteras htghrasti Bubbeyeniodismelrtes

descri bed above, it will be understood that it still can be | ow enough so
that 15 |ittl e may nalebeche odingreatoret edc cto s,irddpeiedi agrupoh tieturn
construction of the lines and vias in current supply lines 110'. Further,
any nunber of siimgs.amdmes ggograredhd durirerthimtdmbagtinattvi ey sthe
hereinafter referred to as a "set" of current paths 20 or termnals, may be
sel ected as | ompresitre sidalokurereanty f1GWwi ng at any tine in current supply
lines 110' is |low enough so that little or no electrom gration occurs.

Thus, apparatus for FagucFRETpebk SPHEGRARLPE ciitd ehdnfn SAEHorGWEr g1t

di scl osed wherein only pqs ng of pro ranninﬁ current termnals is,
conducting cur rEMTSR/ S nel3Thef8f o cBRRLELTBAs BFESEATENY % 11

June 2002 supply, .ines nmade up.of netal and vias_connecting the l|ayers of
met al toget her %lnjl%ls’%%%/teea Eﬁr%rhen?n?l o(f/\cnm?ltgroa]t é‘rrllfl)u;%i n‘gﬁﬁﬁlﬁchr?csejiveéslss than a

current that pr el roql gr.at i t I reldabilit
of the appara?d@g#%%gﬁbgggﬁtigFgé i%%?oéga%ﬁﬁﬁiIggghggghgggFﬁeéﬁghﬁ Y

ilTustrated and-gdgscidhpthave @l YpQR8r9r Mg&uges% ter mepal s popduct i ng
current at any tine wwth one or two columms of nenory cells connected to

the currgnt 10 g@ddn neébntididv | thbe understead biat ditisere enkagidments it
may be convenient to connect nore colums of menory cells to current

termnals, for exargie, thiowdglghéadle €6DWaN 6At mbMoRFOGAMst W®3 .t hrge, or
nore nenory cells at a tinme. In such an 15 arrangenent, nore than one
programm ng curarentexamlle,f | owratna tpaesdat fitoncopbdest i slipbeyl iz ed to a
current well below one that produces electromgration. Wile | have shown
and descri bed spedvddle 2ecénbodipemt s selurded sgnégseh@6i menghomunut her

modi fications and inprovenents will occur to those skilled in the art. |
desire it to béiﬁﬁﬁgf%%oodﬁaﬁﬁeﬁ@ﬁQWE terd thl sipnvernesikeds teotthe nited
to the particular forns shown and | intend in the appended 25 clainms to
cover al modi fTEHGHNSLIHRE RS ndHr fdpar t°F r dn t@?e“gpiqgt S SEdpE of

this Inventlon'transistors 112 and 113. The source of switching

transistor 112 is connected through a first column
115 of memory cells 103 and the source of switching
transistor 113 is connected through a second column
20 116 of memory cells 103. The gates or control
terminals of Dboth of the pair of switching
transistors 112 and 113 are connected together and to
one of a plurality of different phased outputs of
multi-phase clock generator 108. Second, third, and
25 fourth pairs of switching transistors are similarly
connected to second, third, and fourth current

sources/sinks 106 and to third and fourth, fifth and



.17 11 June 2002 What is clainmed is: 1. Apparatus for reducing peak program
current in an array of magnetic tunneling junction magnetic 5 random access
menory cells arranged in rows and colums, having n programm ng paths and a
“total of | progranming current in the n paths, including n swtches
connected in the n progranmn aths, one switch for each progr 1 n at h,
the n swtches 10 bging operaglg one at altine to redu FﬁgFgﬁﬁgﬁ%ogsp
programmng current to 1/n of |I. 2. Apparatus for reducing peak program
current in a magnetic random access nenory incorporated in an 15 integrated

circuit includidig«Gurrepla S4RRENthi NgaaMdegHPhofcbBYRES A MBledoand Vi as
connecting the layers of netal together and constructed so that nl “current

produces el ect rqigy atrddpddt A€l euUr redéo supel yakepess the myayondiavi ng n
progranmm ng paths 20 and a total of | programm ng current in each of the n
pat hs, the appattdings, iaved ufibumgtin sadtshe$ eatnettied itranzd stopsogr@ ng
paths, one switch for each programm ng path, the n switches being connected
so that at |eastororextadl tesdifhenent apbasedubtapessesiof 26:1ldpedtdse t o
produce a total programm ng current |ess than nl at any instant. 18 11
June 2005 3. Apparck werenatadidérg peak programcurrent in nenories
conprising: a nmenory including an array_of nenory cells arranged in rows
and col ums and havifhg sdMpldfalec y esapPleur pEntat divd hlatRhage c gl

supply; an electronic switch coupling the current supply to the plurality
of current ter ASRRTEEAH&HGIGBNIRE AR RS (AU RFaratesstl Bhe s

swi tching input, 10 constructe receiye cl ock _signal for .swiiching the
el ectroni c swi toh 1o <Edifentt d #‘3 c%UpIé Fﬁ8ckur1p§’ﬁtt SipPR eé’fa\ctr? current

termnal of the plysality Qhn¢ut e LEhMNakErp208s output signals
10 to four NOR logic gates 121, 122, 123, and 124. The
two output signals from counter 120 are supplied
directly to gate 121 to produce a first phase signal

at the output of gate 121. The first of the two

output signals from counter 120 is supplied directly

15 to one input of gate 122 and the second output signal
is inverted to produce a second phase signal at the

output of gate 122. The first of the two output
signals from counter 120 is inverted and supplied to

one input of gate 123 and the second output signal is

20 supplied directly to produce a third phase signal at
the output of gate 123. The first and second of the

two output signals from counter 120 are both inverted

and supplied to the two inputs of gate 124 to produce

a fourth phase signal at the output of gate 124.

25 Thus, four non-overlapping phase signals are provided
at the four outputs of multi-phase c¢lock generator

108. It will be understood that many different types



. a clock generator constructed to provide a 15 sequential clock signal to
the switching input of the electronic switch so as to sequentially supply
current fromthe current supply to each current termnal of the plurality
-of current termnals. 20 4. Apparatus for reducing peak programcurrent in
menories as clained in claim3 wherein th lurality of .current m nal s
of the nmenory includes one current terningppfor eac% néﬁb Qﬁﬂ%&Q?; an
n-bit word. 25 5. Apparatus for reducing peak programcurrent in nmenories
as claimed in claim3 wherein the nenory 19 11 June 2002 including the

array of menmoryeldisdis ighegbibed | Bha apsendePNdegt ainghighéntne
connections to the current supply within the sem conductor chip are

fabricated in alplustdddad oinl aymy.s of inet aimplgonndatsd-dned/i as iam t he
sem conductor chip. 6. Apparatus for reducing peak programcurrent in
menories as cl axweblien claim4 wherein the array of menory cells includes
magnetic random access 10 nenory cells. 7. Apparatus for reducing peak
program current in rfweiestlze cfainednpp-evarkperwher eicdocke mitpestic
random access nenory cells include tunnel 15 junction magnetic random
access menory &gl anprpRtird e FREuéih§tpedRCPREgr &RiEG r&Md i n
menories as clained_ in claim mherekn the el egtronic swtch coupling the
current supply X¥hHe BVDF uPhl Sy LERLIREr FERRSEENTTal FGPSGTREGMed into
t he sem conductor chip between the_array_of ry cells and the
connect i ons totfhea'ﬁﬁﬁénprggﬁﬁpﬁ}ng 26¥i£e§gﬁg£§%%2 ‘1 AR Fr
reducing peak pragrarp cUSEenL, L hieBE! 3 YRIS fply 102 to the
connected pair of columns of memory cells (e.g. 115
10 and 116, etc.). The drain terminals of a second pair
of switching transistors 130 and 131 are connected at
the lower ends of the pair of columns 115 and 116,
respectively, and a similar pair of switching
transistors is connected to the lower ends of each of
15 the other pairs of columns. The source terminals of
transistors 130 and 131 are connected together and
through a current source/sink 135 to a common, such
as ground. The gate of transistor 130 is connected
to a first output of a column decoder 136 and the
20 gate of transistor 131 is connected to a second
output of decoder 136. Non-overlapping alternating
switching signals are available on the two outputs of
decoding circult 136 so that either transistor 130 is
conducting or transistor 131 is conducting. Each of
25 the other similar pairs of switching transistors are

similarly connected to decoding circuit 136.

Here it should be understood that each current



.a menory including an array of menory cells arranged in rows and col unmms
and having a plurality 5 of progranm ng current termnals; a plurality of
current sources/sinks coupled one each to each of the plurality of current
“termnals so as to provide a plurality of current sources/sinks each with
an associ ated current term nal, each 10 carrent source/sig# inq( jng an

el ectronic switch connected to supply cur ent from t he Curtdift % cel/ si nk
to the associated current termnal in an ON node and to not supply current
to the associated current terminal in an OFF node, and each electronic 15
swi tch i ncl udi Rgha-EMdiGid NG 10Ut HENSt gttt O rREAIAE FAirfid 0Ck 33 gnal

for swwtching the electronic switch between the OFF node and the ON node;
and a clock gengyaddirateyviwptia phohabialiy @ff osdhDutss one eadhctedplwd to the
swi tching input of each 20 electronic switch of the plurality of current
sour ces/ si nks, ddreredlocklgenematort beimy chnsiatictred dfo seggereninalgy
provide a clock signal to each of the plurality of switching inputs. 25

21 11 June 200z uremppEreatingy fioy thed s Ingupeak Haveyream cuimranttliesearenori es
as clainmed in claim9 wherein the plurality of current termnals of the
menory i el udes gL ragit iy i AT T orf ddure iaant st 0 et 5
word. 11. Apparatus for, reduci ng peak program current in nenories as
clained in clmqﬁﬂyﬁﬂﬂﬁ%941wqﬁ§E%ﬁnﬂﬁPW%QﬁQKHng the array of menory cells

and the plurality 1Q of current sources/sinks are iniegrated into
sem conduct or chip Tkt PBRST ?%iﬁytﬁg:ﬁﬁﬁto&duét5Pqﬁﬁﬁfié§ween

the plurality of .current sources/sinks .an current  supply.are fabricated
ina plurality Socfhefné%}: S BtWetsl 1cl AT a%c?adoyoéi ﬁgoitﬁe 5 #eoflél}ﬁr%onduct or
chip. 12. Appar uck 0g: r am gurE [ rise

clainmed in clmqﬁgﬁpéééﬁéf%'t%%géﬁﬁgﬁe%f9§%nbr%E@%F?% F%C?ﬁggs4hggﬁitic

random aggess 20, fRIMISE Chl Scch3dafBRaNAYS £R6 LedUehRy RRAL PIrROr am
current 1n nmenories as clained in claim12 wherein the magnetic random

access rrelrr})ry cel | shigckhdsat manel, 2onipdheiit@n wRgiet hgel @ReQNLRCARSS
menory cells.

b~

the embodiment illustrated in FIG. 4 are designated
with similar numbers and a prime is added to the
nunbers to indicate a different embodiment.
15 Apparatus 100' includes a memory 101' connected to a
power supply 102' for programming in accordance with
the present invention. Memory 101' includes an array

of memory cells 103' arranged in rows and columns and

having a plurality of current terminals 104'. Memory
20 cells 103' are integrated into a semiconductor chip
105', along with current terminals 104', current

sources/sinks 106' and a clock generator 108'.
Generally, programming current is supplied to each
current source/sink 106' from power supply 102' by
25 means of connections or current supply lines 110°',
which are made up of metal and vias connecting the

lavers of metal together. Current supply lines 110



22 11 June 2002 14. A method for reduci ng peak programcurrent in menories
conprising the steps of: providing a magneti c random access nenory
incorporated in an integrated circuit including 5 current supply |ines nmade
- up of layers of metal and vias connecting the |ayers of metal together and
constructed so that nl current produces el ctronigratiqﬁ i thgﬁﬁgrrent
supply lines, the nmagnetic random access nory havi ng ﬁ?%ﬁﬁ i'ng 10
paths and a total of | progranm ng current in each of the n paths;
connecting n switches in the n programr ng paths, one switch for each

progranm ng pathy,, agdsgpeiat i RdetBeele@W dshesciadehatusteheasterane 15 and
| ess than n are sinultaneously closed to produce a total progranm ng

current |ess thamedl ahoBNyshdwatianbn 16he Aoppididdd oiBedust nehealy program
current 20 in nenories conprising the steps of: providing a nmenory

i ncl udi ng an arody .of magneti c random access nenory cells arranged in rows
and colums and having a plurality of programm ng current termnals; and 25
sequential |y suppl yiBlaghpr ograsningscurcensink eb@h' curs endtl lvgrtmatald of t he
plurality of current termnals. 23 11 June 2002 16. A method for reducing
peak program cWitdntone gersdiCds P avhidhi FadSdiviasL PR e n da¥@ st ep of
providing the menory having the plurality Qf 5 current term nals_includes
provi ding a mefBrty halfng R $Rir PERSTREY nPREP R Dac K SFRGTELVE Wandom

access nmenory cell .in an n-bit word. ,
y f%e blnaryrhoglc state of the data bits controls the

direction of bitline program current through each

column of memory cells 103'. As an example, current

10 passes from power supply 102' through each current

source/sink 106' to an output lead 111'. Each output

lead 111' is connected to the common connected drains

of a pair of switching transistors 112' and 113'.

The source of switching transistor 112' 1is connected

15 through a first column 115' of memory cells 103' and

the source of switching transistor 113' is connected

through a second column 116' of memory cells 103'.

The gates or control terminals of both of the pair of

switching transistors 112' and 113' are connected

20 together and to ¢y of a plurality (n) of different
phased outputs of multi-phase clock generator 108'.

This embodiment differs from the embodiment

illustrated in FIG. 4 in that the common connected

gates or control terminals of a second pair of

25 switching transistors 112 and 113 are also

connected to be activated by the ¢; output of multi-

phase clock generator 108'. Similarly, the common



17. A method for reducing peak programcurrent 10 in nenories as clainmed in
of providing the nenory magneti c random access integrating the nenory int
fabricating connections to 15 the sem conductor chip in claim15 wherein
the step including the array of menory cells includes o a sem conduct or

chip and the current supply within a pl urﬁéi ty of |ayer %I réeé%lipzconnect ed
by vias in the sem conductor chip. 18. A msthod for re i élp ak “pr ogram

current in nmenories as clained in claim15 wherein the step 20 of providing
t he magnetic random access nenory cells includes providing tunnel junction
magneti c randomagrRSedegat¥sCabt Sthe 2dhiddIwirl 26024rt8. Haied hett for
reduci ng peak programcurrent in nenories as clainmed in claim17 wherein
the step of seamdnidtdlndgy suapsystgrsurarent cooneacddcuwo eat & ffermanal  of
the plurality of current termnals includes integrating a plurality of
current sourcedtsisdds i atoptthe s@mig.ond@ct or odhi pmbétivephasde arlrcak of
menory cells and the connections to the current supply within the

sem conduct or chneErathrlol@@guenisaliny Yperarévigovhe cobodémensourasss/ si nks

5 of the columns 115' or 116' is selected by a column
decoder (not shown) and one of the columns of the
second pair of columns is selected simultaneously.
Thus, in this embodiment, programming current is
supplied to two columns of memory cells 103

10 simultaneously and the current supplied by power

supply 102' through current supply lines 110' is 2I.

While the programming current is twice as high as in

the embodiments described above, it will  Dbe

understood that it still can be low enough so that

15 little or no electromigration occurs, depending upon

the construction of the lines and wvias in current

supply lines 110°'. Further, any number of

simultaneous programming current paths or terminals,

hereinafter referred to as a "set" of current paths

20 or terminals, may be selected as long as the total

current flowing at any time in current supply lines

110! is low enough so that little or no
electromigration occurs.

Thus, apparatus for reducing peak program

25 current in memories is disclosed wherein only one set

of programming current terminals is conducting

current at a time. Therefore, connections or current
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10<10%& ()--y {HNEYES . 10‘2’}&1@)? thov@nlwdnue%%/&- lustrated and

| Y ' R 04 ] 0
SL! 10%j o& () egg%f%ég %e106@i§) oée or two current terminals

conducting current at any time with one or two

columns of memory cells connected to the current

10 terminal, it will be understood that in some

embodiments it may be convenient to connect more

columns of memory cells to current terminals, for

example, it might be convenient to program two,

three, or more memory cells at a time. In such an

15 arrangement, more than one programming current would

flow at a time but it could still be limited to a

current well below one that produces
electromigration.

While I have shown and described specific

20 embodiments of the present invention, further

modifications and improvements will occur to those

skilled in the art. I desire it to be understood,

therefore, that this invention is not limited to the

particular forms shown and I intend in the appended

25 claims to cover all modifications that do not depart

from the spirit and scope of this invention.



"Pr$4 910% ()-F109%&' ()- 10 10 10 'LY4110% & ()-'LY4I109%& ()-3
2109 ()-P

WU3rS4!' L& 1109&' () -!' L& 1109 ()-!'L!' 109 ()-x!#L! 109 ()-x!L!10%& ()-x!)
S109%& ()-"()*9rPAN L& 109K ! L& 109K ()-1! L& 109%&' ()-1F10%& ()- 10 10
10/ L& 1109 ()-{|}~w [MAI L& '10% 10 10
10!L&!10%&f(§21§L&!10%&f()-1!L&!10%&f()-19E&!10%&f()-124;3RV$yé%WF!9&!10%&
()-nl! (9& 10%&' () - nl! #9& 109&' () - mL! +9&! 10%e& () - ml! 9& 109%&' () - mLF
10% ()-WPL& 10%& ()-1'& 10%"& ()-11 & 10% " & ()-13y 10% & () -

What is claimed is:

1. Apparatus for reducing peak program current

in an array of magnetic tunneling junction magnetic

5 random access memory cells arranged in rows and
columns, having n programming paths and a total of I
programming current in the n paths, including n
switches connected in the n programming paths, one

switch for each programming path, the n switches

10 being operable one at a time to reduce instantaneous

programming current to 1/n of I.

2. Apparatus for reducing peak program current

in a magnetic random access memory incorporated in an

15 integrated circuit including current supply 1lines
made up of layers of metal and vias connecting the

layers of metal together and constructed so that nI
current produces electromigration in the current

supply lines, the memory having n programming paths

20 and a total of I programming current in each of the n
paths, the apparatus including n switches connected

in the n programming paths, one switch for each
programming path, the n switches being connected so

that at least one and less than n are simultaneously

25 operable to produce a total programming current less

than nI at any instant.
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in memories comprising:
a memory including an array of memory cells
arranged in rows and columns and having a plurality
5 of current terminals;
a current supply;
an electronic switch coupling the current supply
to the plurality of current terminals, the electronic
switch including at 1least one switching input
10 constructed to receive a clock signal for switching
the electronic switch to sequentially couple the
current supply to each current terminal of the
plurality of current terminals; and
a clock generator constructed to provide a
15 sequential clock signal to the switching input of the
electronic switch sc as to sequentially supply
current from the current supply to each current

terminal of the plurality of current terminals.

20 4. Apparatus for reducing peak program current
in memories as claimed in claim 3 wherein the
plurality of current terminals of the memory includes
one current terminal for each memory cell in an n-bit
word.

25

5. Apparatus for reducing peak program current

in memories as claimed in claim 3 wherein the memory
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including the array of memory cells 1is integrated
into a semiconductor chip and connections to the
current supply within the semiconductor chip are
fabricated 1in a plurality of 1layers of metal

connected by vias in the semiconductor chip.

6. Apparatus for reducing peak program current
in memories ag claimed in claim 4 wherein the array
of memory cells includes magnetic random access

memory cells.

7. Apparatus for reducing peak program current
in memories as claimed in claim 6 wherein the
magnetic random access memory cells include tunnel

junction magnetic random access memory cells.

8. Apparatus for reducing peak program current
in memories as claimed in «claim 6 wherein the
electronic switch coupling the current supply to the
plurality of current terminals is integrated into the
semiconductor chip between the array of memory cells

and the connections to the current supply.

10""

10"
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9. Apparatus for reducing peak program current
in memories comprising:

a memory including an array of memory cells
arranged in rows and columns and having a plurality

5 of programming current terminals;

a plurality of current sources/sinks coupled one
each to each of the plurality of current terminals so
as to provide a plurality of current sources/sinks
each with an associated current terminal, each

10 current source/sink including an electronic switch
connected to supply current from the current
source/sink to the associated current terminal in an
ON mode and to not supply current to the associated
current terminal in an OFF mode, and each electronic

15 switch including a switching input constructed to
receive a clock signal for switching the electronic
switch between the OFF mode and the ON mode; and

a clock generator having a plurality of outputs
one each coupled to the switching input of each

20 electronic switch of the plurality of current
sources/sinks, the clock generator being constructed
to sequentially provide a clock signal to each of the

plurality of switching inputs.

25
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plurality of current terminals of the memory includes

one current terminal for each memory cell in an n-bit

5 word.

11. Apparatus for reducing peak program current
in memories as claimed in claim 9 wherein the memory
including the array of memory cells and the plurality

10 of current sources/sinks are integrated into a
semiconductor chip and connections within the
semiconductor chip between the plurality of current
sources/sinks and a current supply are fabricated in
a plurality of layers of metal connected by wvias in

15 the semiconductor chip.

12. Apparatus for reducing peak program current
in memories as claimed in claim 11 wherein the array
of memory cells includes magnetic random access

20 memory cells.

13. Apparatus for reducing peak program current
in memories as claimed in c¢laim 12 wherein the
magnetic random access memory cells include tunnel

25 junction magnetic random access memory cells.
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in memories comprising the steps of:
providing a magnetic random access memory
incorporated in an integrated c¢ircuit including
5 current supply lines made up of layers of metal and
vias connecting the layers of metal together and
constructed so that nI current produces
electromigration in the current supply 1lines, the
magnetic random access memory having n programming
10 paths and a total of I programming current in each of
the n paths;
connecting n switches in the n programming
paths, one switch for each programming path; and
operating the n switches so that at least one
15 and less than n are simultaneously closed to produce

a total programming current less than nI at any

instant.

15. A method for reducing peak program current
20 in memories comprising the steps of:
providing a memory including an array of
magnetic random access memory cells arranged in rows
and columns and having a plurality of programming
current terminals; and
25 sequentially supplying programming current to
each current terminal of the plurality of current

terminals.
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16. A method for reducing peak program current
in memories as claimed in claim 15 wherein the step
of providing the memory having the plurality of

5 current terminals includes providing a memory having
one current terminal for each magnetic random access

memory cell in an n-bit word.

17. A method for reducing peak program current

10 in memories as claimed in claim 15 wherein the step
of providing the memory including the array of
magnetic random access memory cells includes
integrating the memory into a semiconductor chip and
fabricating connections to the current supply within

15 the semiconductor chip in a plurality of layers of

metal connected by vias in the semiconductor chip.

18. A method for reducing peak program current

in memories as claimed in claim 15 wherein the step

20 of providing the magnetic random access memory cells
includes providing tunnel Jjunction magnetic random

access memory cells.
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19. A method for reducing peak program current
in memories as claimed in claim 17 wherein the step
of sequentially supplying current to each current

5 terminal of the plurality of current terminals
includes integrating a plurality of current
sources/sinks into the semiconductor chip between the
array of memory cells and the connections to the
current supply within the semiconductor chip and

10 sequentially operating the current sources/sinks



