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APPARATUSES, MEMORIES, AND METHODS FOR ADDRESS DECODING
AND SELECTING AN ACCESS LINE

BACKGROUND

joo1j Conventional memory systems may comprise a low voltage seleet line and a
high voltage deselect line for aceessing a desired word or bit ine {generally referred to
as ‘momory access lines). A sclected memory access Hue in an ammay 18 coapled to the
scdeet Hne, and non-selected memory access Hnes are coupled to the desclect ling.
Conventional two transistor decoder circunts used to select memory access lines may
comprise a p-channe! ficld effect (PFET) transistor and an n-channel ficld effect
(NFET) transistor. NFET transistors may be advantageous for delivering fow voltages.
and PFET wansistors may be advantageous for delivering tugh volages. Iy the
example conventional system described, the cirewt works most efficiently when the
NFET transistor connects the access hine o the select line when activated, and the
PFET tramsistor connects the access line to the desclect line when activated.

02} However, with some memory techaologies, for oxample, bi-polar resistive
RAM. it may be advantageous o allow current to pass through a memory cell n
opposite dircctions during different phases of operation.  In these situations, the
conventional two-transistor decoder may not deliver current efficiently for all dircctions
of curment flow.  An additional PFET transistor may be placed in parallad with the
NFET transistor, and an additional NFET fransistor may be placed in paralle! with the
PFET wraunsistor o twm CMOS tapsmission gates o improve current efficioney, but
this solution would ncur two additional transistors and two additional wires per access
ne. The increase in cost and space requured for the conventional decoder architecture
may be undesivable in applications where circuit compaciness and simplicity arc

needed.

SUMMARY

{003} An example apparatus may include 3 first seleot line which may be configured
to provide a first voltage, a second select ling which may be configured to provide a
second voltage, a polarity Hne which may be configared to provide a polarity signal, an

access lne, and an address decoder circuit coupled to the first and sccond select lines,
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the polarity line, and the access line, the address decoder cirouit may be configured to
reeeive address information and fother may be configured (o couple the access Hine 1o
the first select hne responsive to the address mformation having a combination of logic
tevels and the polarity signal having a first logic fovel and further may be configured to
couple the access line to the second select line responsive 1o the address information
having the combination of logic levels and the polarity signal having a second logic
fevel

{004} Another example apparatus may include a first seleet line and a second select
line, a third select line and a fourth select hine, a polarity Hne which may be configured
to provide a polarity signal to a first and a second address decoder ciroust, the first
address decnder circuit may be contfigired to receive first address mformation and
further may be configured to couple an access line in a first set of access lines to the
first select fine responsive to first address information and further may be configured o
swiich the coupling of the access line from the first select line o the second select line
for the first address information responsive to switching the logic fevel of the polanty
signal, and the second address decoder ciewst may be configured fo recesve second
address information and further may be configured to couple an access line in a second
set of aceess lines to the third seleet line responsive to second address information and
further may be configurcd o switch the coupling of the access line from the third sclect
{me to the fourth select Hine for the sceond address information responsive to switching
the logic level of the polarity signal.

{05} Ancther example apparatus may mchuide a polarity line which may be
contigured to provide a polarity signal, a first sclect line and a sccond select hne which
may be configured 1o be coupled to an access hoe, and an address decoder which may
imnclude a predecode circuit coupled to the polarity Hne sad mav be configured to
recerve the polarity signal, wherem the predecode circwt may be further configured to
recerve an address, a select cirawt coupled to the predecode cirenit and the fivst and
second select lines, wherein the select circutt may be fiwther coupled to the access hne
and may be configured o couple the access hine o the first select line or second select
fing, based at least in part, on a signal recerved from the predecnde civeuit.

johs] An example method may include recerving address information coresponding

to an acoess line assoctated with an address decoder circult; receiving a polarity signal
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with the addross decoder ooty couphng the access hine to g first select line or a
sevond select line, based, at least in past, on the address informavon and the polaty
stgnal having a fiest logie fevel and switching the coupling of the access ling to the fist

select bine or the sccond sclect hine, based, at least m part, on the smne address

e

mformation and the polarity signal having a second fogie level

{087} An example memory may include 2 memory array, an mput and ootput control
circuit, an address circuit which may be configured to recetve address signals provided
by the input and output control circuit, 3 row decoder coupled to the address circuit,
which may be configured to receive an address signal from the address circuit and
select a bit line in the memory array by couphing the bit line fo a first or second select
bne, a column decoder coupled to the address circuit, which may be configured to
receive an address signal from the address civeort and select a word line i the memory
array by couphng the word line to a trd or fourth select ling; a control logic arawt
configured to provide a peolarity signal fo the row decoder cirvait and the columun
decoder circuit, a write circuit which may be configured to receive data 1o be writien to
the memory array from the mput and output control circuit, wherein the write civcuit
way be further configured to write the dats to be written at the address selected by the
cohuns decoder cireuit and dhe row decoder circait, and a read cirouit which may be
comfigured to veccive data to be read from the memory arvay, and further may be

configured 1o send the read data to the input and output control circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

j0uR] FIG. 1 is a block diagram of an apparatus that mcludes a direct decoder
according to an ilustrative embodiment of the disclosure.

{009} FIG. 2 i3 a circost diagram of a decoder according to an thustrative embodiment
of the disclosure.

010} FIG. 3{1)»-3(2) 15 a block diagram of a hevarchical decoder according 1o an
ihustrative embodiment of the disclosure,

J FiG. 4 is a vuvest diagram of g hievarchical decoder according 1o aun illustrative
embodiment of the disclosure.

12} FIG. 5 is a diagram of a momory systeon ncluding a decoder according to an

usirative embodiment of the discloswre,
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DETAILED DESCRIPTION
jO13 Certain defails are set forth below to provide a sufficient understanding of

embadiments of the disclosure. However, it will be clear to one having skill m the ant
that embodiments of the disclosure may be practiced without these particular details.
Morecover, the particalar embodiments of the present disclosure described herein are
provided by way of example and should not be used to Timit the scope of the disclosure
to these particular embodiments.  In other mstances, well-known circuits, control
signals, timing protocols, and software operations have not been shown in detail in
order to aviod unnecessartly obscuring the disclosure.

[0 14} Figanwe 1 illostrates an apparates 100 inclading an address decoder 14
according to an cmbodiment of the disclosure. The apparatus may be an integrated
cireuit, a memory device, 3 memory system, ete. The address decoder 104 may be
configured to decode an address to select an access Hue for activation.  The address
decoder HM may melude decoder cirauts 106, 116, 126, 136 coupled to a respective
access Hne 119, 129, 139, 149 Each decoder circuit 106, 116, 126, 136, is configured
o reoetve respective address information ADDING-ADDING. The address information
ADDING-ADDIN3 s based on the address being decoded.  kach decoder circnit 106,
P16, 126, 136 may conwprise a predecode civcuit 10, 120, 130, 140, and a select circuit
E15, 125, 135, 145 For simphicity, only four decoder cireots and access lines are
shown, but more or less may be used. The access lines may be It lines or word lines
of & memory array.  In some embodiments, a second address decoder (ot shown
Figure 1) may be inchuded m the appavatus, and comfipred to decode address
informanon to select an access hine of a second set for activation. For example, a first
address decnder may be configured to decode address information to sclect a word hine
for activation and a second decoder may be configured to decode address mformation
to select a bit tine for activation to access a memory cell coupled to the selected word
fine and bit fine.

{118} The select caeaits 115, 125, 135, 145 nway be coupled ta respeotive gocess Hines
P19, 129, 139, 149 and fiwther coupled to select Tine A 102 and sefect line B 103, The
select hne A 102 and select line B 103 may provide respective veltages. Typically,
when providing voliages over select line A HY2 and select line B 103, o of the

voltages is hgher than the other voltage. In some embodiments, the voltages of select
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finge A 102 and of seleet line B 103 mav change. The predecode civeundts 1HE, 120, 130,
140 may be coupled o polarity Hie 101, The polavty Huge 101 may provide a signal 1o
the predecode cirewts 11, 128 136, 140 fo control the coupling of the access limes
F19, 129, 139, 149 through the respective select crast 115, 125, 135, 143 to select
Hnes A and B 102, 3. The predecode circuits 118, 120, 130, 140 may he farther
configured to activate the select civeotts 115, 125, 135, 145 o couple the respective
aceess lines 119, 129 139, 149 to seleot e A 102 or selevt lime B 103, for example,
based on the respective address information ADDING-ADDIN3I and the polarity line
i In some embodiments, only the selected access Hme 118, 129, 139, or 149, based
on the respective address information ADDING-ADDNG, may be coapled to select ling
A 132 or select line B 103, The rematiung non-sclected access fines may be coupled to
the remaining sefect line that is not coupled o the selected access fine. The address

o

decoder 1034 may be implemented as a direet decoder in an embodiment of the

disclosare,
{16} Figure 2 illustrates a particular ilustrative embodiment of address decoder 104

For simphcity, only two decoder cireuits 106, 116 and two access Hues 1Y, 129 ave
shown, d greator or fower decoder circuifs and aceess lines may be incheded
Predecode cirouit 110 inclodes a d-input NAND gate 201 configured to recetve address
mformation ADDING, represented by a 4-bit address (ADDRO-3_BAR). The output of
NAND gate 201 15 coupled to an input of 3 2-input NAND gate 208, Thoe other inpat of
NAND gate 205 is coupled to control signal EVEN BAR, which may be used during
testing, but is not activated durimg normal operation, EVEN _BAR s at ogic tugh ("17)
during normal operation. The output of NAND gate 205 15 coupled fo an input of XOR
gate 213, The sccond wput of XOR gate 210 15 coupled to polanty hne 11 The
output of XOR gate 210 is coupled to the gates of PFET transistor 230 and NFET
transistor 235 of select circurt 115 The drains of transistors 230 and 235 are coupled
together. The source of transistor 230 is coupled to select hne A 102, The source of
transistor 235 15 coupled 1o select line B 103, Access hine 119 15 coupled 1o the drains
of transistors 230 and 235, Access hine 119 will be coupled to select line A 102 when
tramsistor 230 is activated and coupled 1o select line B 103 when transistor 235 s
activated.  As shown in Figure 2, when poloity hne T is af logie tow (U07), the

decoder circuit 106 couples the access lime 119 to sclect ne B T3 responsive to
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decoding an address of “00007, and couples the access tine 119 1o select ine A {02 for
other adidrosses, and the decoder ciraat 116 couples the acorss line 129 to sclent line B
103 responsive to decodimng an address of 10007, and couples the access tme 139 w
select fine A 102 for other addresses,

017} Sinular to predecode cirowt THE predecode efrewit 124 nclades a d-input
NAND gate 215 configwred to receive address information ADDINI, represented by a
4-bit address (ADDRO, ADDRI-3 BAR). The output of NAND gate 215 is coupled to
an nput of a Z-inpat NAND gate 2200 The other mput of NAND gate 220 is coupled to
control signal ODD BAR, which may be used dwring testing, but 38 not activated
chring novmal operation. ODD_BAR 15 at logic high dwring normal operation. The
output of NAND gate 220 i coupled iy an dnput of XOR gate 225, The sccond mput of
XOR gate 225 s coupled to polarity hine 181, The output of XOR gate 225 is coupled
to the gates of PFET transistor 24¢ and NFET transistor 2435 of select cirowt 1235, The
dramns of transistors 240 and 245 are coupled together. The souree of transistor 240 s
coupled 1o select ine A 102, The source of wransistor 245 1s coupled to select line B
HI3. Access lime 129 is coupled to the drains of transistors 240 and 245, Access line
129 will be coupled to select line A 102 when transistor 248 §s activated and coupled to
select line B 13 when transistor 245 is activated,

18] The foregoiag description is only one possible smplomentation of the disclosure.
The disclosure may be mmplemented with alternative logic gates and transistor types
without depatiing from the scope of the present disclosure. Certain oxamples of circuit
operation will now be described.  The examples described below are provided to
enhance wnderstanding of the present disclosure.  The examples should not be
considered to be Himiting in scope of the present disclosare.

JG19 In a first example, the address to be decoded 1s 00007, which when decoded
will cause access line 119 to be sclected. As a rvesult of the “00007 address, address
mformation  ADDRG BAR, ADDRI BAR, ADDR2 BAR, and ADDR3 BAR
provided fo the NAND gate 20 is “1111,” and the address infornation ADDRE, and
ADDRY-3_BAR provided to the NAND gate 213 15 “01117. As previously discussed,
decoding an address of "HU00™ will resudt in address informanon that will cause the
decoder circwit 106 o select the access dine 118 Control signals EVEN BAR and

ODD BAR are also at logic bigh. Polarity hne 101 15 set to logic low. Also in the
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present exanple, the voltage of seleet line A 102 is greater than the voltage of select
fne B 103

0204 Dae to the LT provided to the NAND gate 201, the NAND gate 204
provides a logic low output, and the outpat of NAND 203 3¢ fogic bigh, When the
output of NAND gate 205 is logic high, and polanity line 101 is logic low, the output of
XOR gate 210 15 logie high. The logic tugh oatput of the XOR gate 210 activates
NFET transistor 235 to couple the access bine 119 o scelect line B 103, Referrmg fo
predecode circuit 120, due to the ™01 117 provided to the NAND gate 215, the output of
NAND gate 215 is logic lugh. Again, ODD_BAR 5 fogic high, Conscequently, the
output of NAND gate 220 is logic fow. The polarity Bne, as previowsly discussed i
also logic low. When both inputs are logic low, the output of XOR gate 225 iy also
fogic tow. The logie fow output of the XOR gate 225 activates PFET wansistor 244 o
couple the access Hne 129 to select line A 102,

{021} An example where the coupling of the access lines to the select ne A 102 and
select hine B 103 through the respective select cirentts 1s reversed will now be
desertbed. While the address imformation provided to the NAND gates 201 and 215,
and the logiv level output by NAND gates 205 and 220 romain the same as previously
descrsbed, the polarity line HH is now set to a logic high. That s, the output of KAND
gate 201 is still logic low, and the ouwpmt of NAND gate 203 15 still logic high
However, becavse the pelarity hine 101 is af @ logie high, now both mpats to XOR gate
210 are togic high, and as a resolt, the ocutput of XOR gate 210 is logic low. This
activates PFET wransistor 230, and access bine 119 s coupled to select line A 102
Referring again to precode civcwit 120, the owtpat of NAND gate 213 is still fogic high
e o the 011D provided to the NAND gate 2135, and NAND gate 220 is still logic
low, With the podarity line 101 a logic high, the output of XOR gate 225 is logic lngh
This activates NFET transistor 240, and access e 129 15 coupled to select hine B 103,
As iltustrated by the previows example, the access Hne 119 s switched from being
coupled to select Bine B 103 to beng coapled to select tine A 102, and the access hine
129 1s switched from being coupled to select hine A 102 o being coupled to select line
B 103, The address decoder 104 may change which of the sclect lines the respective
access hne is coupled though the ase of the polarity Hne 101, The XOR gate 210 may

conditionally invert the output signal of the NAND gate 2035 based on the logic level of
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the polanty fme 101, thus, changing which of the transistors of the sclect cirouit are
activated when the address iformation cases the NAND gate 205 to provide an active
autpet signal to the XOR gate. PRET transistors, such as the transistor 230 of the select
cireut, are typically more susted for providing s bigher voltage from a source to a fower
voltage at a drain, and NFET tansistors, such as the transistor 235 of the select circuit,
are tvpically more suited for providing a lower voltage from a source o a higher
voltage af a dramn. Changing a voltage to he provided to an access e may be more
efficiently handled by switching which of the transistors of the select cirewt is activated
during operation,

1922} For example, contimung from the previces example of providing an address
007 fir decoding and a togic low provided on the polanty hne 101 a “HHIT
provided to the NAND gate 201 of the decoder circuit 106 causing the XOR gate 210
to provide a fogie high signal to activate the NFET wansistor 235 and couple the access
fine 119 to the select ling B 103, and a “31117 15 provided o the NAND gate 215 of the
decoder circuit 116 causing the XOR gate 225 to provide a logic low signal to activaie
the PFET tansistor 240 and couple the access line 129 to select line A 102, As
provioushy discussed, the voltage of sclect Hoe A 102 15 wreater than the voltage of
select Iime B 103 in the previous example. Changing the select line coupled to the
acecss lines may be accomplished by changing the logic fevel of the polanity line 101
from a logic fow to logic high, which switches the output of the XOR gate 210 from
fogic high to logic low, and switches the output of the XOR gate 223 from kogic low fo
fogic high. As a result, the access fme 119 1s coupled to the select hne A 102 and 15
provided the higher voliage through PFET transistor 230 and the access line 129 is
coupled to the select hne B 103 and is provided the lfower voltage through NFET
transistor 243

{0234 Changing to which of the select lines the access line is coupled may be used to
perform memory operations that may involve switching a polavity across a memory
cefl. For example, in some embodinments, the access Hnes 119, 129 may be word tines.
Similar cirawits o decoder cirouits 106 and 116 may exst for the bit lmes.  The
corresponding cirouitry for the bit hoes 18 not shown in Figure 20 Operation of the
decoder crauits coupled 1o the word tines and the decoder civeaits coupled to the bit

lines may be coordinated such that the voltage across a selected memory cell may be
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switched, which causes current to flow dwough senory clomends in different
divections,  As proviousty discassed, i some embodiments, the voltages of sclend Hng
A 182 and of select hne B 1803 may change, for example, during operation, wiich may
provide greater flesibnlity m providing different voltages v changing voltages provided
to the access Hnes.

{024} In typical memory arravs, many access lines, often on the order of 1,008 are
mplemented.  More efficient decoder circuitry s desirable to reduce the number of
components and the area required by the circuit. A hierarchical decoding stractare may
be implemented w0 veduce e namber of components required in the decoder cirawnt
Embodiments of the present disclosure may also be included n a luerarchical decoding
structure,  This may be desirable to amortize the overhead of the circuitry that allows
for the switching of the coupling of access lines 1o the select lines.

j025] Figure 3{13-3(2} 15 a block diagram of a hierarchical address decoder 301
according to an divsérative embodiment of the disclosure. The cument embodiment ts
described with respect to an 8-bit address {ADDRO-ADDRT} provided to the address
decoder 301, allowing for decoding of up to 256 access hines. However, ap address of a
different mumber of bits, and for a different nember of acoess Hnes may be wsed withowt
departing from the scope of the disclosare.  One of ordimary skill in the art will
appreciate that this will alter the number of predecode cwreuits for decoding addresses.
The hierarchical address decoder 301 may inclade sixteen local predecode circuits and
sixicen global precode circuits. The local predecode circuits 330-345 may receive the
four least significant bits of an address (ADDRO-3) to provide address mformation.
The tocal predecode circuits 330-345 may be coupled to polarity line 101, Each local
predecode eirenit may be further coupled to a respective local select cirauit 350-365.
Each local predecode circait may be forther coupled © 15 other local select circuits
(not shown ). For exampie, local predecode circuit {§ 330 myay be coupled to local select
circuit £ 330, local select cirount 16 (oot shown), loval select circudt 32 {not showny, ele.
Local predecode eirewit 1 331 may be coupled to focal select cireuit 1 351 local sefect
circult 17 (not shown), local select circutt 33 (not shown), ete. The local predecode
circuits 2-15 332-345 may be similardy coupled. The global predecode circuit 308 may
recetve other bits of the address, and may also be coepled to polarity e 101, The

global predecode cirewdt 8 303 may be further coupled to local select chrouts 350-363,
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Fifteen additional global predecoede circaits {pot shown) may be included and coupled
to the local seleot circutts. For example, local selegt cirasits 015 330-365 may I
couplad o global circant 0 303, local select circaits 16-31 {not shown) may be coupled
to global predecode circuit | {not sbown}, iocal sclect orouits 32-47 (not shown) may
be coupled to global predecode cirawat 2, ete. Each local select circuit 350-365 may be
coupled to select ne A 102 and select ne B 103, Each {ocal select circuit may be

X

further coupled to g respective aceess line 370-385,

I

{26} By implomenting a hierarchical decoding structure, the namber of predecode
cireuits may be reduced from 356 to 320 Greater efficiency may be achueved by adding
additional fevels to the hicrarchy for farger numbers of access Hnes withoat departing
from the scope of the disclosure,

{027} Figure 4 13 a eirowit diagram of a hierarchical address decoder 3 according to
an iflustrative embodiment of the diselosuwre. For clarity, the cireaitry for selecting a
single acvcess line 370 is shown, bat may be replicated fiwr other aceess lines as well
Address mformation, represented i Figure 4 as ADDRO-3 BAR, 18 received at the
mput of NAND gate 401, The output of NAND gate 401 s coupled to NAND gate
405, The second input of NAND gate 405 is coupled to control signal EVEN BAR,
which may be used dwing testing, but 18 not activated during novmal operation.
EVEN _BAR s at logie high during normal operation. The ontput of NAND gate 403
is coupled fo the mput of XOR gate 410, The other inpat of XOR gate 4180 &5 coupled
to polarity line {01, The output of XOR gate 410 15 coupled to the gates of PFET
transistor 455 and NFET transistor 460 in local select circuit 350, The drains of
transistors 435 and 460 are coupled together and to access line 370, The souwrce of
transistor 455 is coupled fo the drains of PFET transistor 445 and NFET wansistor 436,
The source of transistor 460 is coupled to the drains of PFET transistor 4635 and NFET
transistor 476,

{028} Global predecode cirowt 305 recerves address mformation, represented in
Figare 4 as ADDRA-T BAR at the inpat of NAND gate 415, The output of NAND

gate 415 18 coupled to the mput of NAND gate 420, The other mnput of NAND gate

4241 15 coupled to control signal ODDOREVEN _BAR, which may be used during

testing, but 15 not activated during normal operason, ODDOREVEN BAR is at logic

high dwring normal operation. The output of NAND gate 420 is coupled o the mpuits
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of NOR gate 425 and NOR gate 440, The second input of NOR gate 423 s coupled to
pedartty lime 101, The vuiput of NOR gate 4235 15 coupled 1o the inpat of mverter 430,
The output of mverter 430 15 coupled to the gates of transistors 465 and 470, The
drams of transistors 4635 and 470 are coupled to cach other, and as mentioned above,
are coupled to the soarce of transistor 460, The source of transistor 463 15 coupled o
select Jine A 102, and the soarce of transistor 470 s coupled to select line B 103,
Returning o NOR gate 440, the second inpat 15 coupled to the output of rverter 435,
The mput of nverter 435 s coupled to polarity Ime 101, The output of NOR gate 440
is coupled to the gates of ransistors 445 and 450, The draing of transistors 448 and 450
are coupled o cach other and to the souwrce of wansistor 435 The souree of transistor
443 15 voupled to seleet Hne A 102 and the source of transistor 454 is coupled to select
e B 103,

{029} The disclosure may be implemented with altemative logic gates and transistor
types without departing from the scope of the present diseloswre. Cerfain exmmples of
cirenit operation will now be deseribed. The examples described below are provided to
enhance understanding of the present disclosure.  The cxamples should not be
considered to be Himiting in scope of the present disclosare,

ja34 In a fivst example, the address “0000 00 15 to be decoded. The (600 8GG0
address corresponds to access hne 370, That ss, the access hne 370 is sclected by the
address 0000 3000, ADDRO_BAR, ADDRI BAR, ADDR2 BAR, ADDR3I BAR,
ADDR4 BAR, ADDR3 BAR, ADDR6 BAR, and ADDRY BAR are all logic ngh
(e, “HHE HEHIT) EVEN BAR and ODDOREVEN BAR are also logic high, and
polarity hine 101 is set to fogic low.

j031} Referring to local predecode circuit 336, the outpug of NAND gate 401 is logic
low. As mentioned above, EVEN BAR is logie high (17, thorefore, the ougput of
NAND gate 405 15 logic high. With the polarity line 101 fogic low, the outpwt of XOR
gate 410 15 logic high. The output of the XOR gate 410 activates NFET transistor 460
Access hine 3740 15 coupled to the drains of transistors 465 and 470,

{032} Refernng to global predecode ciromit 305, the output of NAND gate 4135 s logic
fow. QODDOREVEN BAR s logic bigh, therefore the output of NAND gate 420 15
logic ugh. The output of NOR gate 425 is fogie fow, which is mverted by imverter 430,

Therefore, the signal provided to transistors 465, 470 15 fogic hugh, and NFET transistor
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470 is activated.  As mentioned above, NFET transistor 460 is also activaied causiog
access ling 370 fo be coupled to scleet Hue B 103, Retwroing o NOR gate 440, &
reectves the logic high from NAND gate 420, The logic low of polanity hae 10}
imverted by inverter 433, such that the inputs to NOR gate 440 are both logic high
This causes the outpat of NOR gate 448 to he logic low, activating PFET transistor
4435 However, because PFET transistor 455 is not activated, the voltage of select bne
A 102 15 not provided to the access line 3700

{033} An example where the coupling of access ine 370 to a select hine s reversed,
will now be desentbed. The fogie level of the polarity bine 101 is changed from logie
low to logic lugh. The output of the NAND gate 4035 and the output of NAND gate 426
are still at towe high, In this example, the output of XOR gate 410 wall be logic Tow,
and PFET transistor 455 will be activated.  Access fine 370 will be coapled by PFET
transistor 433 to the drains of transistors 4435 and 454, The outpat of NOR gate 425 is
fomic low and ix verted by inverier 430, Therefore, the signal provided to the
transistors 465, 470 15 logic bigh, and NFET transistor 470 15 activated.  Howover,
because transistor 460 1s not activated, the voltage of select line B 11 is not provided
o the access line 370, Retuming to NOR gate 448, it recoives the hogie high from
NAND gate 420, With the polarity line 101 set to a logic high, and sverted by invertar
435, the mput to NOR gate 440 is Togic low. Thus the output of NOR gate 440 15 logic
fow, activating PFET tansistor 445, As mentioned above, PFET transistor 4535 15 also
activated causing aceess Hne 370 to be coupled to select Bne A 102,

{34} in some embodiments, the ability to switeh to which select hine an access line is
s;:{m:pied without deseiceting or further re-s&k:c{mg the access hine may }]T{}\-’idﬁ greater
hnes. As described in the above c.xmnpig the select line coupied to the access line may
be switched by changing the logic signal on the polarity fine 101, which alters which
transistors are activated.  The address decoder 301 may not need to wait for a new
address to decode and switch to which select Hine the selected access tine s conpled.

LIARYS by the above example, access fme 370 may be one of a phwrality of word lines.
Simifar civeuits to tocal predecode circuit 330, global predecode circuit 305, and local

select cireut 350 may exist for a plorality of bit Hines. For clarity, the comesponding

circuitry for the bit lines is not shown, When the coupling of the access line 370 fo the
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select Hnes Is switched, and polarity Hne H is switched from logic low fo logic high,
the voupling of the bit Bnes 10 the seleet Hnes may also be reversed. The resudi of this
coordinated reversal of polarity of select hines for both the word Haees and Bt Hnes,
aded by the global signal polarity bae 1, is that current may be able to efficienty
flow through memory elements i different directions.

{036} Figure § is a block diagram of a memory system including an address decoder
according to an embodiment of the discloswre, The memory system includes a memory
903 according o an embodunent of the discloswre. Memory system 901 includes a
memory access deviee 91 {e.g., processor, memory controlier, et} coupled to the
mwremory 903

1037 The memory 903 includes a memory array 913 of memory cells. The momory
array 913 may include, for example, volatile memory cells (e.g., DRAM memory cells,
SRAM memory cells), non-volatnle memory cells (e.g., flash memory cells), or some
other types of memory cells. In an embodiment of the disclosere, the memory array
913 includes non-volatile resistive memory cells, and the memory 903 is a resistive
random access memory RRAM. The memory 903 and memory access device Y1, can
be implemented as separate integrated cironits, or the momory access device 911 and
the memory 903 can be incorporated into the same integrated circuit, chip, or package.
The memory access doviee 911 can be a discrete device {o.g., DUCIOPIOCCSSOT) OF SOME
other type of process circuitry inplemented in ficomeare, such as an application-speeific
mtegrated circuit {ASIC).

{038} O conncctions 927 and control conncctions 929 nchude a compunication
interface between the memory access device 911 and the memory 903, The
cmbodiment of Figare 5 incledes address circuitty 943 to latch address signals
provided over the O connections 927 through O control circaitry 919, Address
signals are received and decoded by a row address decoder circuit 957 and a colunm
address decoder circuit 951 to aceess the memory arvay 913, The row address decoder
circuit 957 andior the cohwmn address decoder circudt 951 may include an address
decoder 952, 959 i accordance with one or mare cmbodiments of the discloswe. In
fight of the present disclosure, it will be appreciated by those having ordinary skill in
the art that the number of address input connections depends on the domsity and

architectire of the memory array 913 and that the number of addresses mereases with
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both increased munheors of memory cells per memory amray, an increased nuwiber of
memory blocks, andfor an increased wmonber of momory aravs. The reader will alse
appreciate that more address nformation may be needed to speeify a particelar portion
of the memory array as the size of the memory arvay mereases.

1039} The read circaitry 953 can read data from the memory array 913, FO control
circuitry 919 15 included for bi-divectional data conmmumcation over the O
comnections 927 with the memory access device 911 Write cncuitry 958 is ncluded to
write data to the memory array 913

844 Control logie circuttry 921 decodes signals provided by control connections 429
from the memory access device 91E These signals can inclade chip signals, write
enable signals, and address lateh signals that are ased to control the operations on the
memory 903, and of the memory array 913, ncluding data reading and data writing.
The control logie circuitry 921 may  provide a signal to the polarity hine (not shown)
and control the polarity of the select lines {not shown) soch that current may be allowed
to flow mn different divections through certain memory cells duning different phases of
aperation.

ja41} The control logic cuowtry 921 can send signals to selectively sot particolar
registors anddor sections of registers, or lateh dats in one or more registers. In one o
more embodiments, the control Jogie circuitry 921 is responsible for excouting
msiructions received from the memery acgess device 911 to porform certain oporations
on some postion of the memory cells of the memory array 913, The control logic
cireuitry 921 can be a state machine, a sequencer, or some other type of logic
controller. It will be appreciated by those having ordinary skill in the ant that additional
circuitry and control signals can be provided, and that the momory device detait of
Figure 3 has heen redaced to facilitate case of tlustration.

{042] Those of ordinary skill would further appreciate that the various Hustrative
fogical blocks, configurations, modeles, circuits, and algorithm steps described in
comection with the embodiments disclosed heremn may be wplemented as electronie
hardware, compufer software exceuted by a processor, or combinations of both
Various tlustrative components, blocks, configurations, modules, cirowts, and steps
have been described above generally in terms of their fAwctonality,.  Whether such

funciionality is implemented as hardware or processor exceutable nstructions dopends
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on the particular application and design constraints mposed on the overall system
Skilled artisans may imploment the desoribed functionality in varving ways for gach
parficular appheation, but such mnplermeniation decisions should not be nforpreted as
causing a departure from the scope of the prosent discloswre,

fO43} The previous deseription of the disclosed embodiments is provided (o enable a
person skilled in the art to make or uwse the disclosed embodiments.  Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the principles defined heremn may be applied to other embodiments withowt
departing from the scope of the diselosure, Thus, the present disclosure is not mtended
to be limited o the embodiments shown herein but is to be accorded the widest scope
possibie consistent with the principles and novel features as defined by the following

claims.
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CLARMS
What 1s clavmed s
i An apparatus, comprising:
g first seleet ine configured to provide g first voltage;
a second select tine contigured to provide a second voltage;
a polarity hine configured to provide a polarity signal;
an access hine; and
an address decoder civenit coupled 1o the first and second select lines,
the polarity Iing, and the access bine, the address decoder eircuit configured 1o reconve
addvess wformation and further configured 1o couple the access g 1o the first select
fine responsive to the address mformation having a combination of logw levels and the
polarity signal having a frst logic level and further contfigured to couple the access hine
o the second select line responsive to the address mformation having the combination

of logic kevels and the polanity signal having a second logic level.

2 The apparatus of clum 1, wherein the address decoder circuit comprises
a predecode cirowt coupled to a select araut, the select arawt coupled fo the access

fime, and wheretn the predecode cireait 15 configured to recetve the addvess mformation,

3 The apparatus of cluim 2, wherein the predecode cireuit is coupled 0 the
polarity Hne and whevgin the select oircuit 1s coupled 1o the first select line and the

second select line.

4 The apparatoes of claim 3, wherein the predecode cirat comprises logic

gates configared 1o decode the address information and polarity signal.

5. The apparatus of claim 3, wherein the select cirawt comprises a first
transistor and a second transistor, the first fransistor coupled 1o the first seleet line, and

the second transistor coupled to the second select lne,
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6. The apparatus of claim § wheretn the frst transistor s 3 PFET transistor
and the second ansistor is @ NFET wansistor.
7 The apparatus of clum 1, wherein the address decoder cireuit comprises

a phavality of predecode circuits each coupled to a respective select cireudt, wherein

each select circuit is further coupled to a respective access hne.

8. The apparatus of claim 1, wherzin the addeess decoder cireutt comprises
a plurality of local predecode crraunts configared to recetve o fivst part of the address, a
plurality of global predecode circuits configured w recerve a second part of the address,
wherein the local predecode and global predecode circuits are coupled o a plurality of

respective select civenits in a hierarchical decoder stractore.

9. An apparaius, comprising:

a fiest sclect hine and a second seloct Tine:

a third select line and a fourth sclect hine:

a polarity ne configured o provide a polarity signal to 3 first and 3
second address decoder crrawt;

the first address decoder circuit configured fo receive first address
mformation and futher configared to couple an access Bne i a first st of access Bnes
to the first select line responsive o first address information and ferther configured to
switch the coupling of the accesy hine from the first select line o the second scleet ine
for the first address information responsive to switching the logic level of the polarity
signal; and

the second address decoder cireust configured o regetve second address
mformation and further confipured to couple an access hine in a sccond sef of access
fines to the third select line responsive w0 second address mformation and farther
configured to switch the coupling of the access line from the thard select line o the
fourth select line fir the second address informanon responsive to swilching the logic

fevel of the polanty signal,
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W The gpparatus of clmm @, further conprising at lcast one memary el
coupled hebween the access hne i e first set of access hoes and the access hoe o dwe

second set of acoess hines.

it The appargins of clom 10, wherein the first and second address
decoders are configured to switch the coupling of the access Hnes of the first and
sceond sets of aceesy hines to canvse current to flow v ditferent dircctions through the

memory cell

13 The apparstes of claim 1, wherein the memory cell comprises a

resistive memory cell

13, The apparatus of claim 10, wherein the access bne i the first set of
aceess lines comprises a word line and wherein the access hine in the second set of

access hnes comprises a byt hine.

4, The apparatus of claim 9, wherein the first address deeoder comprises a
predecode circuit coupled o0 a select circast, wherein the predecode cirawmt inchedes
fogie cireuits eonfigured to provide a signal to the seleet circwt to control couphing of
an access hae of the ficst set of access lines to the first seleet hine or the second select

fine based on the address mformation.

15, The apparates of claim 14, wherain the predecode cironit comprises a
NAND gate configured to receive the address information, and firther comprises an

XOR gate coupled to the polarity line.

16, The apparatus of clabm 14, wherein the select cireult comprises:

a PFET coupled fo the first select line and the access line of the first set of
access fimes; and

an NFET coupled to the sccond select hne and the access hine of the first set of

aceess hnes,
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17 The apparatus of claim 16, wherein the PFET 5 coupled to the first
sclect line through a global predecode civeait and the NFET s coupled to the second

select ine through the glebal predecode cooait.

18 The apparatus of clains 16, wherein the PFET is coupled to either the
firat or second select hine through a global predecode eiveait, and the NFET is coupled

to the first or second select line through the global predecode cireatt

19, Ap apparatus, comprising:

a polanty hine configured to provide a polarity ssgnal;

a first select hne and a sccond select hine configured to be voupled to an access
Hue; and

an address decoder comprising:

a predecode circuit coupled to the polanity Hoe and configured to recerve
the polarty signal, wherein the predecode circuit is further configured to recetve an
address;

a scleot ciraut coupled to the predecode civcuit and the first and second
sclect Hnes, whereln the select oireait is further coupled to the access line and ix
comfigured to couple the access line to the fivst seleet line or sceond select line, hased at

icast in part, on a signal recetved from the predecode ciruit.

2. The apparatus of claim 19, wherein the predecode circuit comprises a
four-input NAND gate configured to receive address information, wherein the output of
the NAND gate is coupled to a first input of a two-input NAND gate, a second input of
the two-inpat NAND gate is couplod to a test control signal, an owdput of the two-inpgd
NAND gate is coupled to a first input of a two~input XOR gate, a second mput of the
XOR. gate 1s coupled to the polanity line, and an output of the XOR gate 15 coupled to
the sefect cirowit

21, The apparatus of claim 19, wherein the select cirant comprises & first
transistor and & second transistor, wherein gates of the firgt and second wramsistory ave

coupled to the predecode cireuit, drains are coupled to the at least one access hne, a
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sopres of the first rgnsistor 15 coupled to the first select fing, and g souwrce of the serond

transistor 1s coapled to the sceond sclect ine,

220 The apparatus of olaim 21 wherein the first teansistor 15 2 PFET and the

second transistor is an NFET.

23, The apparates of claim 19 wherein the predecode civeuit further
COMIPHISTS!

a local predecode oivewit confimred o receive a frst part of the address
inforssation; and

a plobal predecode cweuit comfigured fo reeerve a sccond part of the address

nformation.

24. The apparatus of clain 23 wherein the local predecode circelt comprizes
a four-input NAND gate configured to receive the first part of the address mformation,
wherein an output of the NAND gate 15 coupled to an input of a two-input NAND gate,
a scoond mpat of the two-input NAND gate is coupled o a st control signal, an cuipg
of the two-mput NAND gate is coupled to an input of a two-input XOR gate, a sceond
mput of the XOR gate is coupled to the polarity hine, and an owiput of the XOR gate 18

coupled to the select circuit.

25, The apparatus of claim 19 wherem the global predecode cireuit comprises a
four-input NAND gate configured to receive the second part of the address mformation,
wherein an output of the NAND gate 1s coupled to an inpat of a two-input NAND gate,
a second mput of e two-tnput NAND gate is coupled o a second test control signal,
an output of the two-mput NAND gate 15 coupled to mputs of a first two-mput NOR
gate and a second two-mput NOR gate, the second input of the first two-inpat NOR
gate is coupled to the polarity hne, an output of the fivst two-input NOR gate is coupled
to an input of a first mverter, an outpat of the first iverter s coupled fo the gates of a
first and a sccond transistor, a second mput of the sccond two-input NOR gate is
coupled to an outpuat of a second nverter, an nput of the second inverter is coupled o

the polarity hine, the output of the scoond two-mput NOR gate is coupled to the gates of
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a third and a fourth transistor, wherchi the fransistors are configured to couple the select

circuit to the frst or second select Hne.

26, A method, comprismy:
receiving address information corresponding to an access hine associated
with an address decoder circuit;
receiving a polarity signal with the address decoder circuit;
coupling the access Ime to a first select line or a second select hne,
based, at least in part, on the address information and the polarity signal having a fivst
logic tevel; and
switching the coupling of the access Hne to the first seleet Bne or the
second select bne, based, at feast in part, on the smme address information and

the polanity signal having a second fogic level.

27, The method of clamn 26, further comprising:
receiving an address corresponding to a second aceess line with a second
address decoder cirant;
receiving a signat with the second address decoder eveunt mdicating the
refative polanity of 8 third sclect hne and a fourth select Hine; and
coupling the second access Ime with the second address decoder ciraat
to the third or fowrth sclect ling, based at feast in part, on the address and the polarity

signal,

28, The method of claim 27 whercin s memory cell is coupled to the access

hine and the second access line.

29 The method of claim 28 frther comprising, Howing current twough the
memory cell in a direction, the direction of the corrent based, ot feast in part, on a logic

fevel of the polanty line.

3, The method of claim 28, ferther comprising, switching voltages of the

first and second seleet lines.,
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31 A memory, comprising

A MEIMOLY array;

an inpat and output contrad cirouil

an address eircuit configured to receive address signals provided by the mput
and output control cireuit;

a row decoder coupled to the address cireatt, configured o receive an address
signal from the address eircuit and select 2 bit fme in the memory array by coupling the
bt line to a first or second select ling;

a columm decoder coepled fo the address cirowst, configured to receive an
address sipnal from the address cireuit and select a word line in the memory amay by
coupling the word Hne o a turd or fourth select tine;

a control logie circuit configured to provide a polanity signat fo the row decoder
circutt and the coluwrmn decoder circuit;

& write cirewit configured o receive data to be wrilten 1o the memory artay from
the input and output control circuit, wherein the write civeuit s further configured to
write the data o be written at the address selected by the colanmm decoder eircuit and
the row decoder cirqwt: and

a read circwit configured 1o receive data to be read from the memory array, and

further configared to send the read data to the Input and cutput control circuit.

32, The memory of claim 31 wherein the memory 15 a resistive RAM,

33, The momory of claim 31 wherem a relative polarity of the first and sccond

select lines and the relative polarity of the third and fowath sclect lines may change.

34, The memory of claim 33 wherein a coment may Jow through a memory of

the memory array in different divections, based at least i pant, on the polanty stenal.



