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-1- - Descri ption METHOD AND
APPARATUS FOR A SERI AL ACCESS MEMCRY 5 TECHNI CAL FI ELD

The present invention relates generally to serial access nenory

devi ces and nwoesosarsgi cul arly to an access net hod and RcT/sPMTIBUTr €
which permits a pipelined approach t-g-readi ng out the contents of
such devices. 10 BACKGROUND ART Serial nenory devices
typically have a single i nput pin and a single output pin for
providing 1/0 . Al t hough there arkesariptaesduct specific and
proprietary 15 protocol s for accessing such devices, many industry

st andards are known BeAﬁB APFA%%?@@%E\%IEQ%‘E%ES e, 12Cis

a two wire standard, crowmre 1s a ndard, d the
serial peripheral interface (SPI) is a four wre standard. 20
An advant age of TREHRYCAL nPTRISD andard pr ot ocol is that the nmenory

device and its interface fﬁg'ﬁ?%ééﬁg(Tﬂventiondﬁéig%ggjéé%é@&iﬁ&dﬁovery hi gh

speed access. However, the X _
serial access memory devices and more particularly to an

access method and architecture which permits a pipelined
approach to reading out the contents of such devices.

10 |
BACKGROUND ART ’

) Serial memory devices typically have a single
input pin and a single outpu& pin for providing I/O.
Although there are many product specific and proprietary

15 protocols for accessing such devices, many industry
standards are known and are in the public domain. For
example, I?C is a two wire standard, Microwire is a three
wire standard, and the serial peripheral interface (SPI)
is a four wire standard. '

20 An advantage of using a non-standard protocol
is that the memory device and its interface can be custom
designed to provide very high speed access. However, the
sacrifice is that such devices are typically suited for
very specific applications and thus not readily adapted

25 for general use. More importantly, with such devices
there is now only a single vendor of the device. On the
other hand, a standard interface such as SPI offers the
ad%antages of a universal interface. Such an approach,
however, typically results in a device having less than

30 - optimal performance characteristics.

- In accordance with the specification for
reading out memory in SPI compliant devices the address
bits of the target memory location are serially shifted
in on each rising clock edge, starting with the most

35 significant bit. After clocking in the last address bit
the most significant bit of the target byte is latched
out on the falling clock edge immediately following the
last address bit. Thus, from the time the device
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bit of the addrggs, roughly one-half of a clock cycle is avail able for
the foll ow ng sequence o events to qccyr: the nmust be
selected; the = bits ch?h%fs%ﬁ%ﬁﬁéﬂ' o IRFRRE P t %P ageéﬁﬁst be
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10 data lines of the selected memory location. Additional

time then is needed for the sense amps to detect the
state of each of the data lines (i.e. bits) comprising

the memory location. This sé%ies of events imposes an
upper limit on the frequency %f operation of the device.
15 The clock fregquency cannot exceed the period of time

needed to allow for line charglng and sense amp
operation. Currently, this upper limit is on the order

of 2 MHz - 5 MHz.

An attempt to increase the read access speed of
20 a serial memory is disclosed in U.S. Pat. No. 5,663,922.
The ’'922 patent discloses a serial memory device wherein
the memory array is decomposed into two half-arrays (M1,
M2, Fig. 1). Upon receiving all but the last bit of an
address, each half-array is accessed to produce a byte
25 therefrom. Each half-array has associated read circuitry

(SA1, SA2) for sensing the eight bits comprising a byte,
namely a bank of eight sense amps for each half-array.
The outputs of the read circuitry feed into a multiplexer
(MUX’s). The multiplexer controlled to assert the

30 appropriate byte based upon the last address bit

received.

A point worth noting in the ’922 patent is that
additional circuitry is required to support a memory
array that is divided into a multiplicity of sub-arrays.

35 This adds to the complexity and the cost of manufacturing
such a device. More significantly, a bank of sense
amplifiers is needed for each sub-array to sense the
accessed byte in that sub-array. Sense amplifiers are
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sub-array to sense the accessed byte in that sub-array. Sense
amplifiers are In accordance with the present invention, a

method of accessing a serial. memory includes serially

15 clocking in the N address bits of a target memory
location. When some number of address bits less than N
have been clocked in the memory array is accessed. The
partial address corresponds to two or more possible
memory locations, including the target location. The

20 data lines of each possible location are selected and
sensed. More specifically, only a subset of the data
lines of each such location is sensed. Upon receiving a
subsequent bit of the target address the address range is
reduced by one half and consequently the number of

25 possible locations is halved. Of the reduced possible
memory locations, which still includeé the target
location, a second subset of data lines is selected and
sensed, in addition to the first subset of data lines
already being sensed. . Thus, sensing of some of the bits

30 of the target location begins though its entire address
has not 'yet been received. More significantly, since
less than all of the data lines are being sensed, the
number of sense amps needed for the operation is kept to.
a minimum.

35 In one embodiment of the invention some of the
sense amplifiers are reused upon receiving subsequent
bits of the target address, thus further reducing the
number of sense amps needed for reading out the target
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circuit shown in Fig. 1 designed in accordance with the
present invention. - '? ' _

Figs. 3A and 3B show a typical implementation
of the decoder circuit shown in Fig. 2.

Figs. 4A - 4B are tlmlng charts, showing the

relative timing of the address bits and the data bits in

accordance with various embodiments of the present
invention. ;
Fig. 5 is a flow chart of the operation of the
present invention.

Figs. 6A - 6D show the active lines during
operation of the device in accordance with the invention.

Figs. 7A - 7E show an alternate embodiment of
the Y decoder of the present invention and the active
lines during its operation. _

Fig. 8 shows a third embodiment of the Y
decoder in accordance with thé present invention.

Fig. 9 is an implementation of the switching
circuit shown in Fig. 8.

BEST MODE OF CARRYING OUT THE INVENTION

The serial memory device 100 of Fig. 1 operates
in conformance with the SPI standard, though the
invention does not regquire the SPI interface and is
reédily adapted to other bus standards such as the I’C or
the Microwire standards. Serial memory 100 comprises
external pads including address/DATA IN pad 122 for
serially inputting address and data bits, DATA OUT pad
124 for serial data output, and clock pad 126 for an
externally provided clock 51gna1
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The bit lines 107 from each column feed into a Y decoder

106.

10 For explanatory purposes only, it is assumed
that memory device 100 uses 16-bit addressing, and more
specifically that the X portion of the address occupies
the upper 12 bits A, - A, and'the Y portion occupies the
lower 4 bits A; - A, of the address word. It is further

15 assumed that each memory location is an eight-bit datum.
Thus, memory matrix 102 is a 4096 row X 16 column array,
each column consisting of eight bit lines. It should be
clear, however, that the invention can be readily scaled
up or down to accommodate other address sizes and

20 differently sized X and Y portions of the address word.

A data size other than eight bits can also be used.
Address/DATA IN pad 122 feeds into an address

buffering circuit 112. The address buffering circuit

provides the X portion of a target address and the Y

25 portion as well. The X portion of the address feeds into
an X decoder 104 which is coupled to memory matrix 102
and selects the specified memory page. The Y portion of
the address feeds into Y decoder 106 which selects the
specified memory location in the selected page. As will

30 be shown below, Y decoder 106 includes the sense
circuitry for sensing the bit lines of an accessed memory
location. Y decoder 106 further includes circuitry for
outputting the bits of the target location on DATA OUT
pad 124. | |

35 Address/DATA IN pad 122 accepts an externally
provided serial bit stream and feeds it into an input
buffer 108. As will be explained below, input buffer 108
includes circuitry for storing a bitstream to be written
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lines feeding into decoder circuit 200 is 128 (16 x 8).
~Decoder circuit 200 includes .a set of eight output data
lines D7 - DO for each byte in the array, namely bytes
B0 - B15, thus providing a one-to-one mapping between the
15 incoming bit lines and the outgoing data lines.
Under the control of address control lines
A2_SEL and Al_SEL and address lines A; - A,, decoder
circuit 200 can be manipulated to behave as a 16-to-4
decoder, a 16-to-2 decoder or a 16-to-1 decoder. With
20 only A2_SEL asserted, the decoder circuit will output the
data lines of the four bytes whose upper two address bits
are equal to A,;, A,. With only Al_SEL asserted, the
decoder circuit will output the data lines of the two
bytes whose upper three address bits are equal to A;, A,,
. 25 A;. Finally, when neither A2_SEL nor Al_SEL are asserted
decoder circuit 200 will produce the one byte addressed
by address bits A; - A,.
' Turn now for a moment to Fig. 3A where a
typical implementation of decoder circuit 200 is shown.
30 Each byte has an associated chain of decoding transistors
402. Decoding of a given byte occurs by coupling its
decoding transistors to the appropriate address lines,
A, - A, and/or its complements. Each byte also has an
associated set of pass transistors 404 which gate its
35 - corresponding data lines D7 - D0O. The pass transistors
404 for a given byte are switched by the terminus line
401 of the decoding chain 402 corresponding to that byte.
Thus, for example, if address lines A, - A, are presented
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buffering circuigys112238bes300{ £ APUALUHI 2SI EEHI fine feed into OR
10 gates 410. Address line A0 and both the A2_SEL and
' Al_SEL lines feed into OR gates 412. Address bits Al and
A0 represent the low order bits of the address. When
A2_SEL is asserted all four éombinations of A, and A, are
forced, so that specifying bits A, and A, causes decoder
i5 200 to output the following four bytes: A;,3,,0,0; _
A;,A,,0,1; Ay,A,,1,0; and A,,A;,1,1, irrespective of A, and
.BA;. For example, Fig. 3B shows in bold lines the
activated bytes when A;=0, A,=1 and A2_SEL is asserted.
Hence, asserting A2_SEL causes decoder circuit 200 to
20 behave as a 16-to-4 decoder. Similarly, when Al_SEL is
asserted both combinations of the A, address line are
forced. Thus, specifying Aé} A2 and Al will produce the
following two bytes: A;,A;,A,,0 and A,,A,,A,,1. Hence,
asserting Al_SEL results in a 16-to-2 decoder. .
25 : Return now to the description of the Y decoder
106 shown in Fig. 2. The data lines of decoder circuit
200 are variously coupled to a four-wire bus 204, a
two-wire bus 202, and a six-wire bus 206. The four-wire
bus 204 consists of wires 7-0, 7-1, 7-2, and 7-3. The

30 . two-wire bus 202 consists of wires 6-1 and 6-0. The
six-wire bus 206 consists of wires 5, 4, 3, 2, 1,
and 0.

Each wire of the four-wire bus 204 couples
together the most significant bit, namely the D7 data
35 line from decoder 200, of every fourth byte. Thus, wire
7-0 couples together the D7 data line of every fourth
byte beginning with byte BO. Wire 7-1 couples together
the D7 data line of every fourth byte beginning with byte



provides the X portion of a target address and the Y 25 portion as well.
The X portion of the address feeds into an X decoder 104 which is '
coupled to menory nmatrix 102 and sel ects the specified nmenory page.

The Y portion of t he address feeds into Y decoder 10 Iects
t he sp¥OI%PFY§ menory | ocation in the selected page. % vﬁngé

shown bel ow, Y decoder 106 includes the 3¥nse circuitry for sensi ng
theI bldt | i nes of an accessed nenory | ocation. Y decoder 106 further
includes circy.try t t§-0 Ll @t dvagdti on on
DATA OUT LHl Wfi.%z 32 coyi L4 édd&&f;&e tpﬂe B7 éa'EJ'e.Lln"H ¢P

/| DATA I N pad 122 accepts an
external |y fOUI]S—ﬂ”oWGGdb§SHha+n$)|‘P’§t RV gﬁd fEER 113 99 i nBut

buf fer 108. Asogethelethepbai deth bbimeyof myerybibheth Ije beginndobudes
circuitry f(” ﬁﬁéﬁwégg e?B g'tsiﬁe@ﬂ%té?éﬁb 'dﬂé%@ the array corZiHtdS89/ 07881
- 6- aﬁa or a _portion ereo r%t o9 eBl‘%'O ar ovi des
control gnal1:~§ Wg Ré §Y§ﬂ§{ sth%rD'bﬁé\""dﬂ &Ytes é‘n ariou

conponent s comuz Hrg coglednbogetiser dey Mitte 7-0; the D7 bit 'ﬁfebytes '

construction Y coder 6 I f
Fig 2 The gdecéc%’?fe% Exﬁ Y% | Lr@WEH5 e togltReHSERdr¥d 7 J16f @hence to

present | nvéntion es _a . decoder
circuit 200 wRThit of Pé’&é?v@% %é' iBin anch 818 ghe ‘B?M?% *fr om
each by wire 7-2; and the D7 bit of bytes B3, B7, Bll, and B15

10 - are coupled together by wire 7-3.

Next is the two-wire bus 202. Here, the data
line of the second most significant bit (D6) of every
other byte is coupled to.either the 6-0 wire or the 6-1
wire. Specifically, the second most significant data

15 line of every othexr byte starting with byte B0 is coupled
to wire 6-0 and the second most significant data line of
every other byte starting with byte Bl is coupled to wire
6-1. Thus, the D6 line of the even bytes beginning with
BO are coupled to wire 6-0. Similarly, the Dé line of

20 the odd bytes are coupled to wire 6-1.

Finally, the six-wire bus 206 couples together
each of the six remaining data lines (D5 - DO) of every '
byte. Thus, the D5 data line of each byte is coupled to
wire 5 of the six-wire bus, the D4 data line of each byte

25 is coupled to wire 4, the D3 data line of each byte is
coupled to wire 3, and so on as shown in Fig. 2.

Ignoring for the moment the routing through
transigtors 211-218, Y decoder 106 further includes sense
circuitry (sense amps) 220 - 231, each having an input

30 coupled to a wire from one of the buses 202 - 206. Thus,
wire 7-0 of four-wire bus 204 is coupled to the input of
sense circuit 220 to read the data on wire 7-0. Similar-
1y, wire 7-1 of four-wire bus 202 is coupled to the input
of sense circuit 221 to read the data on wire 7-1, and so

35 - on. Coupled in this manner, sense circuits 220 - 223
read out the most significant bit (D7) of every four
contiguous bytes, é.g. bytes BO - B3, B4 - B7, and so on.
In like manner, sense circuits 224 and 225 read out the



colum in nenory matrix 102. Recall that for the purpose of

expl anati on the nenory array is a 4096 row by 16 10 columm array of
eight-bit data. Thus, the nunber of bit | ines feeding into decoder
circuit 200 is 128 (16 x 8). Decoder circuit 200 includes a set of

ei ght out put W%/59154 |ines D7 - Dlerr] for each byte in t h@CARSINO8Hane! y
byt es BO - B15, thus providing a one-26-one nmappi ng between the 15
incomng bit lines and the outgoing data |ines. Under the
control of addres con d Al SEL and address |ines A3

SO err1 ! aaomEnt R85 Bhant P daif otPhla At VA Ch GERaYESasS »
16-to0-4 déotrgsr, , eaglobybeg Bechd®Y, 32 & B3t 841&IB8pdaend ¥Htdn 20

OP' %'hAZf SEL gsw&ata@.dy tBeanceﬂﬁéufgéa Capd Atf)wdtah %haugﬁghggﬁare?gﬁﬁgnékges
(0] e 1tour Yy e u WO aqadr.ess Its ,
tb%%fv\gﬁ?ed Bpﬁe°£ HedFS circuit

Wth only Al SEC wi |l output the data
i nes of tthe two by'ﬁ‘bs ohopet s ppereansesiadiisss2B0t s a2 egdlal to A3,

Alerr], 25  Aseds. mE'bnaILyl SEEEcS 13, ABeSEletBR zAbSEL are asserted

decoder circuit 2 0 rodyce t he, pne t e_addressed ess

bits A3 - Alerr? 2ofien By addre ejnl 1or By e AUEPYERRS. X’@Acahere a
typi cal i npl endfieedisi dntof pdetbilen k7 refiXatzdy 249 .sh@he. o80put&achi byte has
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15 timed latch sequence for latching in data from the sense
circuits 220 -~ 231. The outpﬁts of latch 240 feed into
an 8:1 selector 236, which iszcontrolled by a selector
control BIT_SEL. The output of selector 236 is coupled
to output pad 124.

20 Return now to transistors 211 - 218. Transis-
tors 211 - 214 couple the individual wires of four-wire
bus 204 and two-wire bus 202 to their respective sense
circuits. Transistors 215 - 217 couple all four wires of
four-wire bus 204 into sense circuit 223. Similarly,

25 transistor 218 couples the two wires of two-wire bus 202
into sense circuit 225. Transistors 211 - 214 are turned
on when control signal SENSE-AHEAD is HI, while
transistors 215 - 218 are turned on through inverter 219
when SENSE-AHEAD is LO.

30  In accordance with the SPI interface, the
address bits of the target memory location are serially
shifted in on each rising clock edge, starting with the
most significant bit. After clocking in the last address
bit the most significant bit of the target byte is |

35 latched out on the falling clock edge immediately
following the last address bit.

Operation of the present invention will now be
described with reference to Figs. 1, 2, 4A, 4B, 5, and
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then the address will be decoded by the decodi ng chain for byte 6,
shown in bolded Iines in Fig. 3A. Its correspondi ng pass transistors
will be turned on via the termnus |ine 401, thus passing its data

lines 5 D7wo 9089tséhr ough to t he out put of decoder circuit PROWMSI/07881
As nmentioned above the A2 SEL and Al SEL -10- control lines nodify the

behavi or of decoder circuit 200. This is acconplished through the use
of OR gates 410, 412. Address line Al and the A2 SEL line feed into
OR 10 gates #R0- 6RddrERSFig nédM0eash bbsing elogk sogeand A1SEL

lines feed intoi@@n@akesddtZeh AdlRes Bbt 6hé&laddifbss bit BEihgpeRsSEkddt he

| ow order bits qf the_address. . SEL i:S; r.ted _all _four

conbi nat i ons of 1R[’elr;'lf°f gﬁ%mél[see’r Y%y}fd;rreessf bltpg‘lsorf%eécﬁl;ﬁo&fﬁg‘t %gpléig?f%sng bits
A3 and Alerr] c&lesk,dadéuess B, is AG ftedoinpd® R Hol F ARGy 3GUEChYt es:

A3,A2,0,0; s o3, Alerr],0,1; A3,Alerr],1,0;, and A3, A2,1,1, irrespective

o Lot o0t nen” o phask G RIEL G AR o ghtdebgs (e
asserting A2 SElsezd@gddy uetbtctheihich £rdep PH-odus - Hehgo®PEEsSH9 dhe- 4
decoder. Sim | af Ipbreebanofl €d dafrget addpeserhavk haddn ehiificedt inps of the
o couta’shc” B 010 N5 o K BRI S G Ui W 1
A3, Al err], ¥ err]addresgepgesent to thes& depgder WM. r st dsin a 16-to-2
decoder. 25 accomplishE&et by el bLEfdesnd i flid dhodminhbeadddesoder
bits in address buffer circuit 112 and transmitting the X
portion to the X decoder when bits A;,; - A, have been
received. The row (page) in which the target byte is
15 located is therefore known. Next, the address bits of
the Y portion of the target address are shifted in while
the row is being selected by X decoder 104, steps 504A,
504B.
Page selection and receiving of the next
20 address bit are concurrent operations as represented in
Fig. 5 by the dashed line, identified as event E,, passing
through steps 504A and 504B. Address bits are received
until the A, bit has been shifted in, steps 504B, 505.
At the A, clock shown in Fig. 4A address bits A,
25 and A, have been received and address buffering circuit
112 feeds these two address bits into Y decoder 106.
Control logic 110 asserts A2_SEL to decoder circuitry 200 -
so that the data lines of the four bytes in the selected
row having the same A;, A, address bits are produced, step
30 506A. Assuming that the target byte is located in byte
position B5 of the selected row, i.e. A,, A, are "01",
bytes B4 ("0100"), B5 ("0101"), B& ("0110"), and B7
("0111") are produced. Control logic 110 also holds the
SENSE~AHEAD control line HI so that the four D7 data
35 lines of the four selected bytes are coupled to and
sensed by the four sense circuits 220 - 223. At the same
time, the next address bit is shifted in, step 506B.



106 shown in Fig. 2. The data |lines of decoder circuit 200 are

variously coupled to a four-wire bus 204, a two-wi re bus 202, and a
six-wire bus 206. The four-wire bus 204 consists of wires 7-0, 7-1,
7-2, and 7-3. The 30 two-wire bus 202 consists of wires 6-1 and 6-0.
The si x-WPrP&5¥8% 206 consists of wires 5, 4, 3, 2, 1, FPCT/USHAESD.
Each wire of the four-wire bus 204 coupl es1l- t oget her the nost,
significant bit, nanely the D7 data 35 | i ne from decoder 200, of every
fourth byte. Thu couples to ether th D‘Z1 data |ine of
every fourth Eve! Wb‘énﬁeﬁt rtr’i‘ldﬁﬁaﬁffh Byiee 8861 E¥°t oget her

the D7 data |i newfntevery fourth byte beginni ng vm'th byte
PCT/ US99/ 07881 ig. 6A shows the act1ve811nes h1§ﬁ§1dﬂﬂéﬁ)7a

coupl es toget her t.he D7 dat I|ne of every Y. ni.ng with
byte B2. Wre 7oRidofames 1 A Ko T aepp a o I‘B?F‘e%'te ik L Loga 1
byte begi nfBng It cam bla bgem B&t Iaertsh-agemérrphe wheget theteaBShasonsi st s

of 5 16 col uggpef beBﬁé thdey %deetssottsbfm Blec&fved8, BGfrect,Bl2
are coupl ed together hy w . D7 bit of B9, and
B13 are coupl edat(?dftgfiFrSFlB? 9\; %iei ePYte igy g%}‘{*gd?aclﬁ/%‘?s’% ongs, B10,
and Bl4 are coupiditessgbtiiherd; and By, vhyr eensingahtet e D‘L’n@stof)ftltgaees B3,
B7, Bll, and Bl¥our bytes. Although not highlighted in Fig. 6A, the
10 four D6 data lines of bytes B4 - B7 feed into the two D6
sense circuits 224, 225. At this time, however,'the
output is indeterminate since each sense circuit is
reading the output of two data lines. The outputs of the
DS - DO sense circuits, 1ikewise,_are inconsequential
1s since each is receiving four data lines from the four
selected bytes. Since the output of sense circuits 224 -
231 are indeterminate and thus serve no purpose at this
time, the sense circuits can be provided with enabling
circuits so that they may be turned off in order to
20 conserve power.
Upon receiving the A, address bit at the A,
clock, control logic 110 asserts Al SEL and de-asserts
A2_SEL to decoder circuit 200. This results in the
decoding of high order address lines A, - A,, producing
25 the two bytes having in common those high order address
bits, namely "010" in the example where the target byte
is byte B5. Thus, bytes B4 and BS are produced.
Consequently, only two of the original four D7 data lines
continue to be sensed, step 508A. In addition, sensing
30 now begins for the two D6 data lines of the two selected
bytes, step 508B. Prediction of the target byte
continues. Meanwhile, the A, bit is being shifted in.
Event line E, indicates the concurrency of these events.
Fig. 6B shows the active lines (highlighted) at
35 this time, illustrating the sensing of the D7 and the D6
data lines. 2as in Fig. 6A, sense circuits 226 - 231 each
receive data lines D5 - DO from bytes B4 and B5 and
therefore their outputs are indeterminate. Thus, sense



10 are coupled together by wire 7-3. Next is the two-wire

bus 202. Here, the data line of the second nost significant bit (D6)
of every other byte is coupled to either the 6-0 wire or the 6-1
wire. Specifically, the second nost significant data 15 i ne of every
ot her byte st awDis§m#th byte BO is coupl ed to wre 6-OpcumissieEs
second nost significant data |ine of -1every other byte starting with
byte Bl is coupl ed to vvire 6-1. Thus, the D6 |line of the even bytes

begi nning wit are Iedtovvlre60 Simlarly, the D6 |ine of
20 t he odd bﬁl§§uéF§ £8%pT e%iﬁt FEMFiS gn the off condition. FMexe-y, the
Si Xx-wi re bus 206&verupkéscubgetdzad and 223caalh bk 8&healsied rtﬁrrmdiiswwféata

[ines (D5 - D0) pBhedVBiiice the diider TS ssoBlndatg, Lidie f Oeach byte is

coupled to wre of the siX-wrg bus f each byte
25 i s coupled to wi re Bt eYRAtHE:dalaehi e do E’éEhlBy*?@’?"se in  coupl ed
to wire 3, sand @@mngat;hehbwclmkl;l gonrol logic 110 de- aslsglaeélbgtlfthEhé he

moment the rout ir3g gkl Qﬂghtl'tle AL éeénxgrelslln%fsors% ghie 2 codefjecﬁ. 20 ng a‘;ul”ngﬁ[
i ncl udes sense culi 3

30 coupled to%ddi P€°fl}18‘?n%%e "tﬁ‘rgﬁjfe%e§ 3ois %%ressﬁﬁj C wire
7-0 of four-w r@;btushz0samglycbptedio tTels dpavesfonly onée:nS&:l‘fé rcuit 220

to read the dat %ﬁ?lﬂ’aﬂ.en'7 é)atas'ﬂﬂe%r step 51bX. V‘Méée éIrOfb Q: g re bus
ensée mrcwt 221 to edata on

202 | ed
Wi reI ?-go%abnd s Saﬁﬁpfnt‘b ?é‘H‘Q"'lln s ﬁﬁﬂn@?ns%%r%’@ c“ﬂ% crtﬂaldé’ £90 - 223
read out the m)ble shgfitedcemt . blMea(rﬂ'h)il@‘. endyycheusf the orxigyimagjuaus

bytes, e.g. byteg BAta B3nePdremdifs %@ie%‘%eﬁnand contifudd k& gahner, sense
circuits 224 and %%gdreage(ngl&gme At the same time, parallel sensing
begins for data lines D5 - DO of the target byte, step
15 510C. Finally, selectors 232 and 234 select the sense
circuit outputs as determined by address bits A, and A,.
Control logic 110 signals latch lines 242 to sequentially
latch in D7, D6 and eventually DS - DO. Fig. 6C
illustrates the active lines at this point in time. Note
20 that sense circuits 220 and 222 - 224 can be turned off
to conserve power, keeping active sense circuits 226 -
231. :
At the falling edge following the A, clock, data
line D7 of the target byte is shifted out, sensing of the
25 bit having begun five half-cycles earlier at clock A,.
Similarly data bit D6 is ready to be shifted out at the
next falling edge, shown in Fig. 4A and identified as the-
D6 clock. Note that sensing of data line D6 also has
commenced five half-cycles earlier. Similarly, data line
30 D5 was sensed five half-cycles prior to being shifted
out. As to data lines D4 - DO, however, sensing of each
successive data line will occur for two half-cycles
longer than the previous data line. Thus, D4 will have
been sensed for seven half-cycles prior to being output,
35. while DO will have been sensed for fifteen half-cycles.
As previously discussed, prior art SPI-
compliant devices must complete row selection and data
sensing within the one-half cycle following receipt of
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conti guous bytes, e.g. bytes BO & Bl, B2 & B3, B4 & B5, and so on.
Finally, sense circuits 226 - 231 read out the renaining bits (D5 - DO)
of every byte. The out puts of sense circuits 220 - 223 each
feeds into a M@Wiﬂl@ctor 232. Selector 232 is cont r ol PEFUSPOIBAr ess
lines Alerr], Alerr], the output of which-13- feeds into position L7 of

| at ch 240. The out puts of sense circuits 224 and 225 feed into a 2:1
sel ect or 234 1 elect 234 o ntr |l ed addre s I| [ rr), the
out put \QI\)}II cﬁ s A b’%m fﬁ o?q?/ F%'é?l;ef’, chie t he

out put s of senséal:huu%CQEZZG Thl§39néabﬁ1f-e@ﬁ%1q ﬁ-tso ShO‘m paspedmn Fég.
positions L5 - 4A, ofTﬂx@tﬁbéﬁ%wbabgbraemﬁgqhode of Itheeprddengre driven by

control logic 110 t rovide . ch spguence tor_latching in
data fromthe séﬁg%nt onl Prgvis t? ’258”&)5@ %ft"ﬁutg BFC1 &1Th 240 feed

into San 8selectien dredi3G ashsehn QSCm rX)IHOét!:ll@yl afsthecaddress

c1:<2)2tr<2)lo BI TSEL. J.Ehﬁe%éﬁm @ncﬁﬁidf}cﬁﬁﬁa_23§né§n§w|t% é:ar%ettﬁywt put pad
et Urn. now tq transistor r ansi tors

211 - 214 coupl RoFHEE | SIS WoPEeob TS T daesee Bleg LTk ockea

two-w re bus 2020t o Theitindagdan Feie. séhséhows that dfet presennsi stors 215 -

217 IcoquI e gll fLﬁUénMidee&nanea avaifiaylevat eldast Fi4re h?mfseyéﬁeﬁldﬂlUItZ 323
S 2102, RO Sr A BesENE i YR AL AARSRH gells 20
control signal TEWSE-whEAIdak MsediAn Bhe present invention device can
run faster than that of prior art devices by a factor of
- five. Actually, the factor is slightly higher than five
since, in the present invention, row selection occurs

15 prior to data sensing.

Continuing with the operation of the device,
consider the reading out of a subseguent byte. The
address buffering circuit 112 simply increments the
current address. In the first case, where the next byte

20 is on the same page, this simply involves incrementing
the Y portion of the address, the row remaining

" unchanged. In the second case, where the next byte is on
a new page, both the X portion and the Y portion of the
address change. .

25 With reference to Fig. 6D, consider the first
case, where the next byte is on the same page as the
previous byte, namely byte B6. Control logic 110 now
de-asserts the SENSE-AHEAD line. This turns off
transistors 211 - 214 and turns on transistors 215 - 218,

30 thus feeding all of the D7 lines into sense circuit 223
and all of the D6 lines into sense circuit 225. Since
the invention is no longer in prediction mode at this
time, there is no longer any need to sense more than one
D7 or Dé line at a time and so Al_SEL and A2_SEL are de-

35 asserted. Thus, when the address is incremented to
select byte B6, only the eight data lines of B6 will feed
into their respective sense circuits. 8Selectors 232 and
234 are further characterized by selecting sense circuits



transistors 215 - 218 are turned on through inverter 219 when

SENSE- AHEAD is LO 30 In accordance with the SPI interface, the
address bits of the target nmenory |ocation are serially shifted in on
each rising clock edge, starting with the ‘nost significant bit. After
cl ocking in tikdomsissaddr ess bit the nost significant bp¢ToS9t0Y831
target byte is 35 | at ched out on the fahkling cl ock edge i medi ately
following the | ast address bit. Qperation of the present
invention will now be described with reference to Figs. 1, 2, 4A, 4B,
5, and 223 angCPrBsgespeegiively in response to de-assertion of- 1Q-

6A - 6C. In Fi GEvbi-2e@ab.1i pigy &b AHowdddMe Sctive 10884I1{d adhiw th respect
to the address hit gglng cl ocked in; for exanple, address bit Alerr]

is shifted in SHMERPerr] - clock, address Alerr] is shifted in on the
Alerr] clock, and so 5 Tumning to Figs. 4A - @BghihddaBske ¥eerpfthalte t ar get

is shiftedgin after T8kl 85l ¥188k] | whdie dtGh Hatt@ebsbit 50 AbLd rlatcHd
conprising the __X portion_of. the targe gdr ss_have heen shifted in,
SLeps 502. 503.E3% SEPEEkCAFERTT o HE DA FRe t Al etia Xt addr ess
is sent to the bytdecofdusiOdn sgeparie A shown in Fig. 4B the address
is incremented sometime after the D5 clock. Shortly
thereafter data lines D7 - DO of the next byte are
10 sensed. This gives the next byte more than five
half-cycles of time to be sensed, so that at clock D7
shown in Fig. 4B, the D7 bit of the next byte is ready to
be shifted out. . . '
Consider next the case when the next byte is on
15 a new page. Again, the SENSE-AHEAD line is de-asserted
and the address in incremented. This time, the X and Y
portions of the address change. Thus, in scenario B of
Fig. 4B the address is incremented some time after the D5
clock. However, now a row select must now occur to
20 select the next page. Thus, the step of sensing the
first byte of a new page must be delayed for an amount of
time. As can be seen from the timing chart, the sensing
step can be delayed until the rising edge following the
D2 clock, roughly four half-cycles. This ensures that
25 five half-cycles are available for sensing the first byte
of the new page. In the preferred embodiment, however,
since row selection occurs almost immediately subsequent
to the address increment, data sensing of the next byte
can begin rigﬁt away as indicated in Fig. 4B. In both
30 scenarios, plenty of clock cycles are available for a row
select and a sensing step because there is always one
byte that has already been sensed and stored in latch 240
that is being clocked out.
In the embodiment of the ¥ decoder shown in
35 Fig. 2, twelve sense circuits are used. Refer now to
Fig. 7A for a description of a Y decoder 106 in
accordance with the present invention which utilizes ten
sense circuits. As will become clear, the reduction in



acconpl i shed by properly buffering the incom ng address bits in
address buffer circuit 112 and transmtting the X portion to the X
decoder when bits Alerr] - Alerr] have been recei ved. The row (page)
in which the target byte is 15 | ocated is therefore known

address bits df099/59154 t he Y portion of the target address ar e"“s"'l‘i‘l’q’?'g@s\ n
whi | e the row is being selected by ®ecoder 104, steps 504A,

504B. Page sel ection and receiving of the next 20 addr ess
bit are concurrent oparatl ns .as_represent 5 Db dashed
e §dent 111 PERS RinmuidRorp) nefl BRRptate By me-yeined soBe B6anisng

504B. Address bsemsercinmgsisvduring thendecodirg A fihe Mggbéeh}’!émfted in,

steps 504B, 505pnege parts of the A déBSdé{'eéK&wx&"ﬁPi?ﬁ;"OWﬁk whithJardA

dd bits A3 25 h . port
socres bits o] BT Dok B, LECK et 0 ey DO eri o

Control |o0gic Irdnerssle+ s The SeEcodéngdecddevniti2@ias szem in Figse 2hat the

data lines of tlhegfPurg bjgegslinnthmg éﬁbggiﬁgnt. row havi ng t he sane A3,
A2 address bits are prodticed te ?x the t ar get

o’rJ. E h mOGéA" éﬁ\ssus
byte is located in byte +~SP°Tffs PFOH BsmgReRh L% | e. A3,
Alerr] are "0l transistnusediB4-(70800the Bouy "@iwE Hus BE5"*( 8@111@"7’1 wanel B7

("0111") are Priowis Cash a@%hgueaogacmwsam hojghs, t ach mux FENGE. AHEAD
control e H _so 2{1 fo | i nes .of, ,t he f ouyr

S cte o
otes hr et foun 20l Hatebtor Raunbatay JeFRast dt, Daod it Astilen38sa” 555
At the sane as there"1" Hapusxt aadtdghtssbde imputhilkined desioneged586B.

the "0" input, and a one-bit mux selector input 772.
When the mux selector input is asserted (i.e. HI) the "1"
input is produced at its output, and when the mux

15 selector is de-asserted (i.e. LO) the "0" input is
produced. This applies for mux’s 740 -~ 761 shown in Fig.
7A.

The D7 data lines of four wire bus 204 are
coupled to the "1" input of mux’s 740 ~ 743 as shown.
20 Specifically, the 7-0 wire is coupled to the "1" input of
mux 740, the 7-1 wire is coupled to the "1' input of mux
741, the 7-2 wire is coupled to the "1" input of mux 742,
and the 7-3 wire is coupled to the nym input of mux 743.
The two-wire bus 202, carrying the Dé data
25 lines, are coupled in alternating fashion to the "o"
inputs of mux’s 740 - 743. Thus, the 6-0 wire is coupled
to the "0" inputs of mux‘’s 740 and 742, and the 6-1 wire
is coupled to the "0" inputs of mux’s 741 and 743. The
six-wire bus 206 is coupled to sense circuits 226 - 231
30 as described above with respect to Fig. 2.
The output of each mux 740 - 743 feeds
respectively into sense circuits 720 - 723, The output
of each sense circuit in turn feeds into twp mux’s 750,
751. More specifically, sense circuits 720 and 721 feed
35 into the "i" and the "0" inputs of mux 750 respectively,
while sense circuits 722 and 723 feed into the "1" and
the "0" inputs of mux 751 respectively. '



PCT/ US99/ 07881 -11- Event |ine
E[err] indicates the concurrency of these two events. .
Fig. 6A shows the active lines (highlighted) at this tine,
illustrating the sensing of the D7 data lines. 5 It can be seen that
sensi ng of thgobasgyes byte B5 has begun before the Y aBdT/E8w/07881f ul |y
received. In effect, a prediction ofig-he target byte is being made
based on address bits A3 and Alerr], by sensing the D7 lines of these
four bytes. Al though not highlighted in Fig. 6A, the 10 four D6 data
lines of bytes B4 - B7 fBigwlilytothRecutputs of mux’'sed38 apdclft £224, 225,
At this tine, Qg&gge%¢u§igﬁ]bo mux@gtp?b asd i Tglet enpl pareisulae, each ?enﬁe
circuit is readin out put , of, N t S t he
D5 - DO sense ZFPcﬁFt%?‘gqfl%gvﬁosté?’garg |%eé§ﬁésjg%€§#ﬁ 2?01@& t(')"Be,‘lit‘sr?(&gge Sheh is
recei vi ng four iganh ©f feux f16dm whdleoupx 751 issgqoupled bPtERe Y'hce the
out put of gsensenphtCyEthu2/1L and to €84 w0 irnpdet efnnat g6and THws serve
no purpose at thrs i e (o i ifagaw th
enabl i ng OHFPEG ?E 'g"(;‘)x {%é)t tét%%g% %éeob%ﬁ%u%rtza%%g f B?naég%er tolw20
conserve power 240 and the °UCP‘-1'CU}9§n“‘F1§c¥F%i#ﬁﬁ‘f%\énﬁxf’ew‘? B8PSR bit at the
Alerr] decod chaeknh.comhé als |-0gicc dhtl nasehés AkSkcbupldddecatkerts A2
SEL to decoder circuit 20 Thi tgokn_t i,ngs of high
order address P}lhgggg[%fr%@é&[%}{cﬁi%r%%ﬁci n%%geSPefgggtg% %?/t es havi ng
in commori-& hos@hRWgh or der address bits, nanely "010" in the exanple
where the target byte Mux dehdndlaeB5710hpBovidde ot rabdsBinal«# produced.
Consequently, qnly el yRsgh Lhe QRIIAAko! HE b AR dtoReEnpucs 792184 NUE tO
be sensed, step 50§A. TR addi t1 oM, Sensi n ) _ ]

mux’s 740 - 761. The control signals A - F are functions

of address bits A, - A,, control lines A2_SEL and Al_SEL,
15 and the SENSE-AHEAD line. The signals A - F are defined
by the following logic equations:

A = A2 SEL * (~A2_SEL & ~A;) * ~SENSE-AHEAD,

20 B

A2 SEL * (~A2_SEL & ~A;),

C = A2_SEL * (~A2_SEL & A, & SENSE-AHEAD),

=)
it

A2_SEL © (~A2_SEL & A,),
25 .
E = ~A, * ~SENSE-AHEAD, and

F = ~A, * ~SENSE-AHEAD,
where:
30 the symbol * is logical OR
the symbol & is logical AND;
the symbol ~ means complement;
A2_SEL is true at the A; clock; and
~A2_SEL is true at the A, and A, clocks.

35 The sense-ahead transistors 711 - 718 serve the
same purpose as their counterparts shown in Fig. 2,
namely to control the flow of the D7 lines and the Dé
lines during prediction mode operation and for



30 now begins for the two D6 data |ines of the two sel ected byt es,

step 508B. Prediction of the target byte continues. Meanwhile, the
Alerr] bit is being shifted in. Event line E2 indicates the
concurrency of these events. Fig. 6B shows the active |ines
(hi ghlight ed’oﬁ’sgﬁ%‘ this tinme, illust rat| ng the sensing FERYSRUOBH and
the D6 data lines. As in Fig. 6AY “Sense circuits 226 - 231 each
receive data lines D5 - DO from bytes B4 and B5 and therefore their
outputs are iQdelenioRa EhUSusREsE1 1 SP9L

-12- clrcults 2 an 231 qlr;lel'%rrél;ufn |¥1 access %%Jl o% Qggre-

over, circui t¥ Fi8-afd f?@ﬁéﬁtﬁﬁsd'{yab‘r e?:ll% @%ﬁ‘ﬁf'ﬁ?@ed suchpBh@t sjnce
the target bywleen SSENSE-AHEAB61ia0LOBY1l the D7 lines fedH ¢weatthks, "1hen the

Alerr] bit is; xggué ted mhd 7§o anduawgcﬁ@q:&[ﬁ&fe]s %Iegﬁkn.nEQHEfan ny@gic 110

de- asserts bot L and the ALSEL lines sot ecoder circuit
200 Swi l Ilrf:i?‘{ﬁjtﬁ:fe“\”ﬁe Fgrget byte that is addressed by A3 -
Alerr], nanely byte B5InTkperhtidors um yY clexcglert 106 shownrigi hig. D7 data

| i nes, step v t I ve been
sensed and i ?i?éﬁlwﬁ o agxgkéhﬁc;%lth £He tq%{\%: agggp%myo%\%oo t he

original two in Fi %%P&dl fRes Fefef % c’chﬁﬁ%P%ueEef%r be
sensed, step & 0BigsAt 7Ehe Fa8nendi assupartiéd dlargmtsilogation is byte

10 B6é (Y-portion of the target address, "0110") of the
selected row. As before, four candidate bytes are
produced by the decoder circuit 200 at the A, clock,
namely bytes B4 - B7. With the SENSE-AHEAD line asserted
the sense-ahead transistors 711 - 713 are conductive,

15 sending the four D7 data lines of bytes B4 - B7 into the
"1" input of each mux 740 - 743. The A2_SEL line is
-asserted at this time which, according to the above logic
equations, causes mux controller 710 to assert control
signals A - D, thereby selecting the "1" input of mux’s

20 740 - 743 and feeding the D7 lines into sense circuits
720 - 723. Fig. 7B shows the active lines.

At the A, clock, decoder circuit 200 produces
bytes B6 and B7; i.e. those bytes having in common the
same high order address bits: A; - A;, "011", A2 SEL is

25 deasserted at this time and since address bit A, is "1",
mux controller 710 asserts control signals C and D to
select the "1" input of mux’s 742 and 743. Consequently,
mux’s 742 and 743 continue to feed the D7 lines of bytes
B6 and B7 into sense circuits 722 and 723, while data

30 lines D7 of bytes B4 and B5 are decoupled from sense
circuits 720 and 721. Although the idea of decoupling a
data line from its sense circuit while the data is being
sensed seems counterintuitive,-the D7 lines of bytes B4 |
and B5 are no longer needed, since it is known at this:

35 time that neither of bytes B4 and BS5 is the target byte.
These sense circuits can therefore be re-used. Since A
and B from mux controller 710 are Ld, the "0" input of
mux‘s 740 and 741 are selected to feed the D6 data lines



begins for data lines D5 - DO of the target byte, step 15 510C.

Finally, selectors 232 and 234 sel ect the sense circuit outputs as
determ ned by address bits AL and Alerr]. Control logic 110 signals
latch Iines 242 to sequentially latch in D7, D6 and eventually D5 -
DO. Fig. 6C WO9s184 ustrates the active lines at this poi ntPGRUSPAEIL Not e
20 that sense circuits 220 and 222 - 228-can be turned off to
conserve power, keeping active sense circuits 226 - 231.

target byte |SShPREES BRISRC AL HboAeRE 95+cuEfs TR R degan chge
hal f-cycl es eameirgeing theckiAfwitd. Fig. 76 shows |thelactibiet 1DBess ready
to be shifted out at thear the Ae¥liokR! | £40%ssSBERHENtELGet d
identified as the Qﬁé Iock.%ﬁ? that sepsin cg q%%F!%ne also
has comic STPLEES B KL B S5PPREr ST RS TRTRe 30 D5
was sensed fi veredutesybyes BFi orCantriodi mgonaistd D rempin unchapgddt a
l'ines fD4 -tDo, hflfla]@ewaksxﬂsi r:tal aad@asdte)%, mux Ve gqtbaalégaﬁtyviTlhl o
Wil have ok SBRCECIRITLbuamaRal { SBICFEORTIGH Tbarng out put, 35,
while DO will Hanethevncfehseselectingt achinmlfrany eagh of the D6 and As
previously di seySp@drsPhi Obp@Fdt ity mux's 780TRhE aPs1 devikahiBIHaseonp! ete
row sel ectd o AN 4o aincTHs I HRbiES e GRSIR00YREE Lol o no
selected, thus producing the Dé and D7 lines from byte
B6. Control line F operates mux’s 760 and 761 to switch
the D6 and D7 lines so that they feed into their
appropriate positions in latch 240. The F signal is
15 based on the A, address bit, since this bit determines how
mux’s 740 - 743 are paired off between the D6 and D7 data
lines. Fig. 7D shows the active lines, including the
D5 - DO data lines.
Finally, for subsequently accessed memory
20 locations, the SENSE-AHEAD line is deasserted. This ties
together the four wires 7-0 through 7-3 of four-wire bus
204 by virtue of transistors 711 - 713 being turned off
and transistors 715 - 717 being turned on, feeding the
wires into the "1" input of mux 740. Similarly, the two
25 wires 6-0 and 6-1 are tied together through-transistor
718 and fed into the "0" input of mux 742. Mux
controller 710 selects the "1" input of mux’s 740, 750
and 760 to feed the D7 line into sense circuit 720 into
latch L7. Similarly, mux controller 710 selects the "oO"
30 input of mux 742 to feed the D6 line into sense circuit
722, and from there the "1" input of mux’s 751 and 761
are selected to send the D6 line into the L6 latch. .Fig.
7E shows the data flow for the subsequent byte, namely
byte B7.
35 The embodiments of the invention shown in Fig.
2 and Fig. 7A respectively use twelve and ten sense
circuits. The reduction of sense circuits achieved by
the embodiment of Fig. 7A comes about by the use of



- 13- the | ast address bit in order to begin data output at the

fal ling edge. This one-half cycle is shown as t[err] in Fig. 4A. The
predi ctive operating node of the present i nvention pLodees f["‘_ tvvo-]:ol d
I mprovenent: fi [ OW 5 sel ection begins as soon as the ortion o
t[\rg addr ess ‘{'SP%&?%‘cei ved; second, data sensing of the tarﬁgT’UB%?foéssl
begi ns as soon as sone of the Y address bit¥-are cl ocked in. The
timng in Fig. 4A shows that the present i nventi on makes avail abl e at

least five hal f-gyeden Glild c1rdh¥erl2) L00e N300l bECHA R Rids, Of the

target byte. . Thus, theé clock used In the pres I nvention device can
run faster than tHa®S J° HST5A1R £eRES| CLECHIL s, Whesy Shegfbecomef | ye.
Actual |y, the fastatlalslesldsgubgehiugherbitarof ithe addresSsngfe d¢Yodkl

present inventi ofied Qe Yl OReQEedrs 15  prior to data sensing.
Continuing with the operati,on o?e e devi ce, consi der the_readi ng out

of a subseqBent byte. TheF19- 8;88PWSsap Areadimensi whirk exbends fihe
i ncrenents the principlemt ac_@due;kag sepséleciﬂd\ﬂ@tscaﬁethébeiﬁeﬁhe next byte
20 is on the sRlReNAIGrevlionsIyPhirddYdd Shd a%%&sgéanﬂn Figs the v

ortion of the address, the row rénmal nin unchanged, In t second
(F:)ase, wher e t he Xt 7hyReFaig bpelr re%‘*?\%‘%ﬁ"’pé@’é}erﬁéﬁhgtﬁégx $ortion and the
Y portion of theintrodwudr ess addanjenalset of mux’s s¥éth gxderempmel 0 Fig.
6D, considgp themlkiSthave thr%@sgnpﬁbggeét*ﬁ*'yﬁSht?y%e"iﬁ %ﬁkﬁé%aéﬂaﬂa'pagef
as the preyious byte, napel te B6. Control logic - now
de-asserts the SE 'SEl-‘}ﬂlié&D Iﬁﬁaﬁg‘.am i 859 7 iBPDelso has arswaibitors 211 - 214
and turns on trasslettons idpht- 8743, wBére & huof eadssleatdr oingute 894 | i nes
into sense Circubtodidcks the "deiﬁ{:ht,?fat'*’tﬁ'%d |Sg§§ctggoix§§§§ea.ﬁl rcuit

. Si he invention is ho longer in predictjon at this
225. Since p%oé%ces the "1 input. and a "OOR on selector input 874
15 produces the "0" input.

The "2" inputs of mux’s 850 - 853 are coupled
respectively to the output of each mux 740 - 743. The
"2" inputs therefore receive either a D7 data line or a
, D6 data line, depending on the selections made in mux’s
20 740 - 743.  The "1" and "0" inputs of mux’s 850 - 853
are coupled respectively to the number 5 and number 4
wires of bus 206. The outputs of mux’s 850 - 853 feed
into inputs of sense circuits 820 - 823. As will be
explained below, the presence of mux’s 740 - 743 and 850
25 - 853 allow data lines D7, D6, D5 and D4 of the target
) byte to feed into the sense circuits, while still
providing the predictive operating mode of the present
invention.
The outputs of the sense circuits feed into
30 inputs M - P of switching circuit 860. The outputs Q - T
of switch 860 respectively feed into the D7 - D4 latches
of data latch 240. Switching circuit 860 allows any
input M - P to be switched to any output Q - T under the
control of an eight-bit control line 860. Fig. 9 shows
35 an implementation of such a switch.
Mux controller 810 provides control signals
A - I which are coupled to mux selector inputs 872, 874,
and 876. The control signals are functions of address



time, there is no longer any need to sense nore than one D7 or D6
line at a tine and so ALSEL and A2 _SEL are de- 35 asserted. Thus, when

the address is increnmented to sel ect byte B6, only the eight data
lines of B6 will feed into their respective sense circuits. Selectors
232 and wWapoh/sarsa further characterized by sel ecti ng sen®eTaispmarsgis
PCT/ US99/ 07881 -20- -14- 223 and 225 -
respectively in response to de-assertion of SENSE- AHEAD. Fi g. 6D shows
the active lines in this situation. Turning to Figs. 4A

- 4B, it can b&id@eAt hake,5 congreér 1ines @2 F8cland\WadnSBar aapfit 8hes - DO
are | atched, sznsrdmmmmmatcume PEN0Es Vi lTablre 8Of5A64EpY hehdext

byte. Thus, . [ | rement ed
sonetime after iﬁ%ngl %ﬁ?gﬁ {}Y’E Qoréﬁf %%é‘aggeﬁigt%ve méﬁ%% DO of
the next byte amsrf@wrbewbea SEWSAW%suH?@ Regerhbgde nBR8St han five
hal f-cycl es of ﬂﬂdﬁkl@kd&% gensed71Socatdadf Atarel @alssDéransiscbpymin Fig.

4B, f[he D7 bit of ta & Q: %% tkfm’{;e % t]fﬁ)er all gﬁesﬁbféggaoflnes'fal n,

Consi der next the Case a new page
t he SENSE- AHEAZFgqH& g §h@ét asseripgut 1" aﬁfd “’z% 748dr ebékﬁwmﬁcrmt ed.
This tinme, the praf¥istor 714 is off and pass transistor 718 is on, thus

tying together all the D6 data lines and feeding them
10 into the "0" input of mux 742. Thus, in the
non-predictive mode of operatfon, control signals A - I
are asserted so that mux 740 produces its "1" input, mux
850 produces its "2" input, and switch 860 routes its M
input to its Q output, resulting in the passage of data
15 line D7 to the D7 data latch through sense circuit 820.
Similarly, mux 742 produces iﬁs "0" input, mux 852
produces its "2" input and switch 860 routes its O input
to its R output, resulting in the passage of data line D6
to the D6 data latch through sense circuit 822. At the
20 same time, the number 5 wire of bus 206, which corres-
ponds to the D5 data line, is routed through input *1" of
mux 851 and coupled from input N of switch 860 to output
S, so that the D5 data line is latched into the D5 latch
through sense circuit 821. Finally, the number 4 wire of
25 " bus 206, which corresponds to the D4 data line, is routed
through the "0" input of the 853 mux and coupled from
input P of switch 860 to output T and hence into data
latch D4 through sense circuit 823.
The control signals A - I of mux controller 810
30 are further defined by the following requirements during
the predictive mode of operation (see also the timing
chart of Fig. 4A), when SENSE-AHEAD is asserted: At the
A, clock, when the four possible bytes are selected, mux
740 - 743 each produce its "1" input and mux’s 850 -.853
35 each prbduce its "2"™ input, thus presenting the four D7
data lines to their respective sense circuits 820 - 823
. whereupon data sensing begins.



portions of the address change. Thus, in scenario B of Fig. 4B the
address is increnented sone tine after the D5 cl ock. However, now a
row sel ect nust now occur to 20 sel ect the next page. Thus, the step of

sensing the LS5t byte of a new page nust be del ayed fo t of
time. As can Bvé”g;escba{ﬁfromthe timng chart, the sensing E’g?@;%@c@%wbe

del ayed until the rising edge follow ng tHe™ D2 cl ock, roughly four
hal f-cycl es. This ensures that 25 five half-cycles are available for

sensing the first byte ar tfb AheeW Rage debBnbiigPéTed of salpdigent,

however, ﬁénce FOM/%E|EC§IOH pccqéslglnnst,lnqg ia%gl¥4§ubse uent
to the address 3ifcr SEnP2daPi THsP ng® bt hd™ Kot ?%8 cSh 'gé’bﬁﬁ
right away as iTf caded4Bn Wigl dasntimuddid mB®ducecshar I'd8, ippent ythofs cl ock
cycles are avaifad]ifid @woo0the D7 1884800 HHE ReXRNILDM1SLEPmBECAUSE
atch 2405 g Geher patkgvitboReasgieched L Broaude ERe MR (0L O0: mne
of the Y decodeinmitmin wihiicB5nowFegrre, theetwe mmsdidblel Péudataal tnesed.
Ref er Jhow to e g0 ZAte%_@r cantéfﬁﬁéi,ﬁéi c%lfc.ié‘ tﬁedfgedﬁhp&%. | NThe
cocor dance A PSS ER! DNSNE P SV LIESR 1. conedflR%e 07601
-15- sense the D7 data lines, while the D7 lines will have

10 been de-coupled from the other two sense circuits in

order to begin sensing the D6 data lines.

At the A, clock, when all the address bits are
in, the target byte will be Known and selected by decoder
circuit 200. Two of the four mux‘’s 850 - 853 will be

15 switched to produce the number 5 and number 4 wires of
bus 206 and sensing of the D5 and D4 data lines will
commence. At the same time sensing of the D3 - DO will
also commence with senge circuits 824 - 827. Meanwhile,
sensing of the D7 data line of the target byte will have

20 completed and will be ready for output, and the D6 data
line continues to be sensed.. Finally, switch 860 is
operated via contrecl line 876 to provide the necessary
cross-switching of inputs M - P to outputs Q - R to
ensure that data lines D7 - D4 are latched into their

25 corresponding data latches. -

The embodiments shown in Figs. 2A, 7A, and 8
show that by the appropriate use of multiplexing
circuitry, the sense circuitry requirements can be
reduced. Alternative designs'are possible, each having

30 varying degrees of complexity and silicon real-estate
requirements. The embodiment of Fig. 2A is straight-
forward, but requires twelve sense circuits. The
embodiment of Fig. 8 uses eight sense circuits, but
requires additional mux’s and a more complex controller

35 to operate the mux’s. Although the disclosed embodiments
provide predictive sensing at the A, clock, the operation
can begin at an earlier clock to realize even greater
speed increases. The particular implementation approach



sense circuits is made possible by re-using sone of the sense circuits

during the decoding of the target byte. Those parts of the Y decoder
shown in Fig. 7A which are the sane in Fig. 2 retain their origina
reference 5 nunerals. The decoding circuit 200 as shown in Figs. 2

and 3 i s usedwaovporstess enbodi ment . | gnori ng f @CTiUSeo/0TE8TENT

t he sense-ahead transistors 711 - 718;-the four wire bus 204 and two
Wre bus 202 are coupled to nux's 740 - 743. Each mux is a 10 2-to-1
sel ector having a left-side input line designated as the "1" input, a

ri ght-side i npWilli depgad ofmMadeings tradeoffig ameng fastorsapnciudieg bit nux
sel ector input déé2red speéMe:Iﬂf tthee Aevigel eeipduith Wtmplexdsyer hefloky . €. Hl)

the "1" [ @Qg en the nux 15

sel ector is degg'%ssaér?e gggg § ﬂtoh"% 8#%1-% & . produced. This
applies for nux's 740 - 7ea &i seq Pfﬂ§°dlment‘mf the invention  The D7
data lineg of fredniweseabfisctdd off €ive deceeadé eth tuhd hamelbetwperi Oof nMux's

740 - 743 @S SNU IR yo SRECIIICU or! DR TE RN GledpGotRLEdiL0 the T

i nput of T T e s col 'pat - Of Mux
741, the 7-2 wiand cdoskimg eent Fhendirst Pﬁbu@f oﬁhenla@rs@z thus and the 7-3
wire is coupl egreirmitBEngla £inpdiitivde Eu&rZABe in clock speed. TRéwévExr W re

bus 202, carryi | r I ing
fashion to the:@% bQ@nQﬁpﬂgga? Sed B‘?&%ﬁ ga:g%go "%%dl to? %Eg%i%é vé1re S
coupled 10  {fRotrs of" s?ﬁ%t%e%em'@ viwe andly Ahe £ ﬁ&'eSﬁénS 1wre
i s coupled to tdiscu@sibnputise of porcion/éf the FdfresEh@onsistsSoR-feure bus

208 sy CPuPLed i aseund Ehe YA RAYe oBllaBlhng !SI LhDC ol GAY L1

respect to Fi
respectively i lhe@1§§n§§t€¥r’€%ﬁqj§’l7‘§) the?ES“"FF\eb’d'utc[ﬁJtt e Y pogFigach sense
circuit in turmwifttedespatd towFigx'4n,73E, predictidhil mdder dbegpnsi aftoat |y,

sense Ci rfgi t's £20i390,"Ple ' £ELt bit instead, then sensing of the D7
' data line would begin on the A; clock, thus decreasing the

time by a factor of seven. Necessary changes to the
logic include modifying decoder circuit 200 to provide
16-to-8 eight decoding in addition to the three decoding

20 modes described; the reason being that at the A; clock
there will be eight candidate bytes. In additionm, extra
sense amps will be needed. Following the architecture of
Fig. 2, eight sense amps will be required to sense the
eight candidate D7 data lines, four sense amps will be

25 needed to sense the four candidate D6 data lines, two
sense amps to sense the two possible D5 data lines, and
five sense amps to sense the D4 - DO data lines of the
target byte; a grand total of nineteen sense amps.
Following the architectures of Figs. 7A and 8, this

30 " number of sense amps can be reduced with the use of
additional mux‘’s to re-use sense amps which become
available as the number of candidate targets decreases
when additional address bits of the ¥ portion of the
target address become available. On the one hand, the

35 need for so many sense amps might be a deterrent to this
approach. On the other hand, the time decrease might
allow the use of slower but simpler (and thus smaller)



35 into the "1" and the "0" inputs of nux 750 respectively, whi | e

sense circuits 722 and 723 feed into the "1" and the "0" inputs of
mux 751 respectively. PCT/ US99/ 07881

- 16- woososess Finally, the outputs of nmux's 750 andpdpiisedifiss
cross-coupled to nux's 760 and 761. In paéglcular mux 750 is coupl ed
to the "1" input of nux 760 and to the " I nput of nux 761, while
mux 751 is coupled to the "1" 5 I nput of mux 761 and to the "0" input of
mux 760. The sense aupamnxﬂhraam HEskecdhei Bige thenlirdmdmth off data | atch
240 and the ou 0.kh | atch. The L5 -
LO data Iatcheégg%e cou %ﬁ%?gaééq?ﬁidH%E of EEhgeq%hﬁzense circuits 226 -

231 respectively as 10 Alt@iarively, the’ Predlctam& RATI NS MOBLD

provi des contreknsbgndékayed unu&l-dibwbuchtaeelagupbftidﬂ)dﬁaauargeselector
I nputs 772 of T co :

functi ons% addfes%?gaé g%% sc1 Il% Al SHI% w%%lg[&?é‘?e%nﬁe{ %%éﬁ and
ALSEL, 15  afd:t AeNSERGSRAED ﬁ@ a ihéeswg?ahl%o% conmence HaH

by the foll ow ggel nglclcﬁquawhensblts A, - A, are AmowiY, SEt [tdat] point,

([err]A2_SEL &thé£§r5¥; &ﬁif]twéaggﬂéiéﬂﬁéDbytes and so only two
candidate D7 data lines to sense. In this configuration,

10 nine sense amps are needed to realize a factor of three
decrease in the time between receiving the target address
and outputting the target memory location, which
translates to a three time increase in the clock.

In the disclosed embodiment of the invention,

.15 ° only one bit is sensed ahead of time for each address bit
received. Thus, with reference to Figs. 2 and 4A, when
address bit A; is received on the A, clock, predictive
sensing of the four candidate D7 data lines begins. Upon
receiving the next address bit, A,, predictive sensing of

20 the two candidate D6 data lines commences. In another
embodiment of the invention, however, more than one data
line per candidate byte can be sensed ahead of time
without departing from the scope and spirit of the
invention. For example, at the A, clock both the D7 and

25 D6 data lines of the four candidate bytes can be sensed.

As a matter of convention, the preferred
embodiment of the invention performed is predictive
operation on the least significant bits of the target
address, namely the Y portion of the address. However,

30 the invention is readily'adapted to operate on the most
significant portion of the address instead, without
departing from the principles of operation of the
invention and without sacrificing the benefits made
possible by the invention.

35 In accordance with requirements of the SPI
protocol, the preferred embodiment of the invention
operates on the most significant bits of the candidate
bytes. Thus, the D7 data lines are sensed before sensing



20 B= A2_SEL[err] (-A2_SEL & -Alerr]), C = A2_SEL
[err] (-A2_SEL & Alerr] & SENSE- AHEAD), D= A2 SEL [err]
(-A2_SEL & Alerr]), 25 E =-Alerr] [err] -SENSE-AHEAD, and

F = -A [err] -SENSE-AHEAD, where: 30 t he synbol
[err] is | ogiwalokdtss the synbol & is |ogi calpciidsssnisst

the synbol - neans .conpl enent; A2 SEL is true at the
Alerr] clock; and - A2 SEL is true at the Alerr] and Alerr]
cl ocks. 35 The sense-ahead transistors 711 - 718 serve the

sanme purpose atshé Im rdatauntiaegaanhd sdoom. | ITHEisgal2pws for bhewhgsto control
the 1low of th$ égifléyﬁi e Egebgﬁshl tedlddgﬂfquE'nQePrgﬂécéﬁfn mode

operation and 9
-17- protocol. Alternatively, for a protocol other than SPI,

the invention can be implemented to operate on the least

5 significant bits first so that the least significant bit
is outputted first. Thus, the D0 data lines of the
candidate bytes can be sensed first, followed by the D1
data lines, and so on. This approach is consistent with
the principles of operation of the invention and enjoys

10 the same benefits as achieved by the embodiment of the
invention disclosed above. With reference to Figs. 2 and
3A, the logic comprising decoder circuit 200 can be
adapted so that the bit zero iines are coupled to the D7
data lines, the bit one lines are coupled to the D6 data

15 lines, the bit two lines are coupled to the D5 data lines
and so forth, so that the low _ order bits of the candidate
bytes are sensed first.



subsequent|ly and sequentially accessed nenory | ocations. In Fig. 7A
transistors 711 - 718 are arranged such that when SENSE- AHEAD is LO
all the D7 lines feed into the "1" i nput of nux 740 and all the D6

i nes feed |% 8}8& "0" 5 i nput of nux 742. pCTiisoPREAL 1 ON,
the Y decoder ?mwn in Fig. 7A pgoceeds in accordance with the

timng diagrans shown in Figs. 4A and 4B. For the foll ow ng

di scussi on, refer to Figs. 7B - 7E and assune the target location is
byte 10 B6 (Y-portion of the target elkimesss, "0110") of the - sel ected
row. As before, four candi date bytes are produced by the decoder
circuit 200 at the Alerr] clock, nanmely bytes B4 - E th the
SENSE- AHEAD | lne afBetegrial memé'Yséﬁ%‘r‘%Hé%‘Mgr ZnElurality 19t 713 are
conductive, lRemog® nﬂbé&kidﬁsf(HWE Béntaha of nesclofmelmpirgs 184ati®d i nto t he

;};E-mhl Ofaggﬁga? bn?o %he§>%mézqﬁgAgésﬁ%té'ﬁ§¥§53a metho@S8grted at this

above | c‘lnuatl Onﬁr cayses mux
control | er 71®endingsewt Emiqaatents °stg'|‘|%¥%e‘5A 1engTY; k8F8hy°8el ecting the
"1" input of ghgﬁ)ng 740 - 743 and feeding the D7 lines into sense

circuits 723 o &L Byi S g;ggélwﬂeaa&,&éyse df 8% target At

the Alerr] clock decoder cIrc produces bytes Bo and B7; i.e.

t hose bytes ha@mﬁg’m hoedkiem t he sane high order address bits: A3 -
Alerr], 111". A2 SEL ifpr2eachdirensey tlstaticnhwhoseneddressicme-adad ess

bi t A[err] is"l" 1 S n i S s Cand D
to sel ect htehgami"alnnyb%?%){g n%?‘l"g 9§ Qgﬁtéj %‘%ﬁ %g'ngafgl}g%t 93% mux' s
742 and 743 c&itisdue to feed the D7 lines of bytes . B6 and B7 into
sense circuits 722 and fhteivingethatrerining médrbésobibytEwe®band BS are

decoupled fro e eho2pd182de idll § hough the idea of
decoupling a 'Ha?:‘i@@ ata T tﬁé r#%ts sgnse CJ rch t, Wm%e t he_ data is being
15 sens ng the remaining data ltS of the targ _

memory location while at the same time reading out the
first data bit thereof; and
after sensing the remaining data bits, reading
out the remaining data bits.
20

2. The method of claim 1 wherein the step of sensing

less than all of the data bits is a step of sensing only

a first data bit, so that sensing the first bit of the
25 target memory location commences before its address is

received.

3. The method of claim 1 wherein the step of receiving

30 a partial address includes receiving the first N address
bits of the target memory location, N being less than the
number of address bits constituting the address.

35 4, The method of claim 3 wherein the first N address
bits are the N most significant address bits.

UL AR



sensed seens counterintuitive, the D7 lines of bytes B4 and B5 are no
| onger needed, since it is known at this 35 time that neither of bytes B4
and B5 is the target byte. These sense circuits can therefore be
re-used. Since A and B fromnmux controller 710 are LO, the "0" input
of mux' sWOAYSUHAH 741 are selected to feed the D6 data |PCRAIS/07881
PCT/ US99/ 07881 -26- -18- of bytes B6 and
B7 into sense circuits 720 and 721, thus re-using the circuits. Fig.
7C shows the active J.nes. , At the Alerr] clock, the address
of the target byte <0 HeFhaggferdpimd, HReLeiR ddtodber: PEc grEeIVbng
therefore 5 padeRrekabh\adIBEs i€0at sbép sefmdeeidringDaldnbiue thehbaged

fromclock Alerple ¢ witlidddiessUsn@oPhE 0kt JAGAIYihG the the E and F
control lines. _The E co fun%t lon.,of Alerr], selecting

ntypl i €ekS; 2
a line from each ot tH¥ I?éd%rﬁfs itspys A sheR Phfsselvigontkes 128 and
751. In thPs caket ab the sddxesal.err] is "0", the "1" inputs of mux's 750,

751 are sel ected, thus producing the D6 and D7 lines from byte
B6. Control line F operates nux's 760 and 761 to switch the D6 and
D7 lines so that they feed into their appropriate positions in latch

240. The F sighal iBhelFnethogsed ohaihel Afrerdimddrecstepi bf sknsendgrhis bit
determ nes how less tRkh 2114@f thé3aats wads b of farhpt \AﬁegehQQnEﬁoﬁ@ D7
dat a 10 a first data bit, and the step of receiving the remaining
address bits includes:
receiving a next address bit of the target
memory location to produce a ‘second partial address; and
for each memory location whose address contains
15 the second partial address, sensing a second data bit
thereof so that sensing of the second data bit of the
target memory location commences before its address
becomes known.

20

7. The method of claim 6 wherein the step of receiving
a partial address includes receiving the first N address
bits of the address of the target memory location so that
the second partial address represents the first N+1 bits

25 of the address, N+l1 being less than the number of address
bits constituting the address.

8. The method of claim 7 wherein the first and second

30 data bits are respectively the first and second most
significant data bits. '

9. The method of claim 7 wherein the first N address
35 bits are the most significant address bits.
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lines. Fig. 7D shows the active lines, including the D5 - DO data
| t nes. - Finally, for subsequently accessed nenory 20

| ocations, the SENSE- AHEAD |line is deasserted. This ties t ogeth
the four wr 7- rough 7-3 of four-wire bus 204 b ' f
transistors ‘;\??9?’99}9; bei ng turned off and transi stor?#@%@%
being turned on, feeding the wires4fto the "1" I nput of nux 740
Simlarly, the two 25 wres 6-0 and 6-1 are tied together through

transi stor 10. 718manchee@ddl BEOCLBSm " P whé P 8k gﬁép7ég-seﬁ4§%g
controller 710, sel egts ' and 760 t

t "1" pnpyt, of pux's 740, 750 .
feed the D7 |iHeS% P e°%iF§Eiaa9§oP+?ﬁcfs a step pfnsensing gly |
controll er 710askixatt slatkebi®), 36d thenptep off meceif2ngotheedendinidgy |
into sense cirgilitess bits’4acid@dstromthere the "1" input of nmux's 75

761 are selected to send, the D6 line into the_ |6 |latch. E
shows the®data flow for ’E?l%e%‘(ﬁﬁ%cfd'@ntn%'&?'iﬁﬁlél ?dé_ress &’dﬁ é’fBg.he35

The enbodi nentsaxdet heenoxryedbcebhishovn proditee a second padtial. 7A
respectively uggqtaelvend ten sense circuits. The reduction of

sense circuits achi eved by, coch gitpry I00hTER Soll oo TRR2bey!
mul ti pl exi ng ctheusecqond pagsliedt rddrgsswi semsing adaegond data bit
: 10 thereof so that sensing of the second data bit of the

target memory location commences before its address
becomes known;

receiving the last address bit of the target
memory location to produce the entire address of the

15 target memory location; and

sensing the remaining data bits of the target
memory location, wherein sensing of the first and second
data bits thereof are in progress or have completed.

20
11. The method of claim 10 wherein the first and second
data bits respectively are the most significant and
second most significant data bits.

25
12. In a serial memory device having an érray of memory
locations arranged in rows and columns, each memory
location having B bit lines and a.unique address, each
address represented by A bits, a method of sensing the
30 content of a target memory location, comprising:
(i) serially receiving N address bits of the
target memory location, N < A; _
(ii) based on the N address bits, selecting a
row of memory locations in the array;
35 © (iii) serially receiving I additional address
bits and selecting the bit lines corresponding to a first
plurality of memory locations in the selected row, each
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lines to certain sense circuits when they becone . avail able as
subsequent bits of the address are cl ocked into the nenory device. 5.
Fig. 8 shows an enbodi nent whi ch extends the principle of re-using
sense circuits another step. El ements previously introduced and

di scussed i n Y9 §&o1H and 7A retain their reference nuREFHS®NO7881g. 8

I ntroduces an additional set of nmux's 85@8- 853. These 10 mux' s have
three inputs: a "2" input, a "1" input and a "0" input. Each nmux 850
- 853 al so has tvvo bi t l.ector in ere a " 10" on selector
i nput 874 &?H&?&? E‘ﬂ%atﬁ‘m Baiine & eOfamSn(lg’é:F RS iiRpdEsg74
produces the 'a@ egsues &he AN+DD"regeismdde@ddresapoitB74NBE) <pReduces t he

"0" input. (1v)Tffe>f'a hn@ahsrpflcseau%rﬁ&g th§5§1§é@ coupl ed

respectively t The L 2" uts
therefore recg’ vg%l?‘ %&l %7° Ci]c'cf nlémosr gensmg ?)6f’t:?%ﬁta subRsC ﬂgpendi ng
on the sétectiidss l?#ﬁdélmsmjx s 20 740 - 743. The "1" and "0" inputs

of nbﬂUX'Z 850 - 853 f (bﬂr Qvlﬁ(l'épbeﬁlsiﬁ?p@lfélﬁ/ﬁét ts%b%@@ Bfmig% %ﬁ&d
number of bus Quipu ee
into i nputs of ﬁlsweﬁsz1 OETRLY t %o‘é?bmnélﬁét% wrEF B:Eurallty SEpFEMATY bel ow,

the presence dfoaapicnszigeceiuing ml rese gsldress B6Q thdmmbydaeducings D7,
D6, D5 and D4 wife tfiestapiiality oﬂ)yﬁé?ndr@ feedtishd idensdeseny rcuits,

whil e stid | RQVi Py o operatin e of the present

i nvent i oind one-1i1%, giegg#ﬂ? t Iﬁsas t%l? Bi%ﬁ%% %fmc)ﬂﬂeMed into 30

i nputs M- P d‘P‘-‘é&’-P@ﬁlrngnél rcuit 860. The outputs Q- T of switch
860 respectively feed intwi)t ForDéachDiehsie ascation iaf tﬂétﬁeééﬁd?h 240.

Switching cir |.lO u P to be sW|t any
output Q - @i&&aﬁ?&f ok }ﬂ’émg%%t ?at*n%ﬁ t&egﬁ%n%u %eo"fﬁ“rdol g %go Fig.
9 shows 35  i%f bHS ddeAGation of such a swi t ch.

15

13. The method of claim 12 wﬁerein the sensing step of
step (iv) includes sensing each of the bit lines in the
first subsets by coupling them to a sensing circuit;

20 wherein step (v) includes decoupling one-half of the
first subsets of bit lines from the sense circuits, in
response to receiving the next. address bit, thus making
available one-half of the sensing circuits; and wherein
the sensing step of step (vi) includes sensing some of

25 the bit lines in the second subsets by coupling them to
the available sensing circuits.

14. The method of claim 12 wherein the first subset of

30 bit lines of each memory location in the first plurality
of memory locations consists only of the most significant
bit of the memory location.

35 15. The method of claim 14 wherein the second subset of
bit lines of each memory location in the second plurality
of memory locations consists only of the first and second
most significant bits of the memory location.

AN



Mux controller 810 provides control signals A - | which are coupled to

mux sel ector inputs 872, 874, and 876. The control signals are
functions of address PCT/ US99/ 07881

- 20- : bits Alerr] - Alerr], control lines A2 SEL and ALSEL, and the
SENSE- AHEAD | (WRISPHE signals A - | are defined by the FRETOSRP/TSS!
requirenents for the non-predictive node-8f- operati on, when

SENSE- AHEAD i s de-asserted: Pass 5 transistors 711 - 713 are off and pass

transi stors 715 - 717 _are opn, .thus i together all.the D7 data

[ nes and © ' Iaed; Fot REHEPE OF iohal® ap! WER=REH°LAR sfhpudd ot o
transi stor 714stspoftvininpbedesr finx siagh pfgths pamoryubocationg|imy
together all thkeeDgidataplinebiand drediing BhEars® onknbp ite BHE i nput of

nux 742. ThUS, 1iBebNEo gne BPMEPIGHICUNETRAC of OPELALE O ORI

signals A - | € assefted SO ) oduces™| i Mput ,” nmux
850 produdes | memozy lagationsdin\thefignt Pduraditys M input to its Q
output, resulting in the passage of data 15 line D7 to the D7 data |l atch

t hrough sense circuit 820. Simlarly, mux 742 produces its "0" input,
mux 852 produces its "2" input and switch 860 routes its 0 input

to its R outpul?-resBhei Wgthed o Paddmds wheasin thaesemsing step afhe D6
data latch threteb Y¢0yeifitlCaesd slbctAlvdlledecoupling one-half of the

10 first bit lines from the sense circuits and, for each of
the memory locations in the second plurality, coupling a
second one of its bit lines to the decoupled sense
circuits. . '

15
18. The method of claim 17 wherein the first and second
bit lines of each memory location are the two most
significant bits. '

20
19. A method of reading out a memory location in a
serial memory device, comprising the steps of:

receiving a partial address of a target
memory location;

25 producing on data lines the data bits of
first memory locations whose addresses include the
partial address;

' coupling first data lines of the first memory
locations to a first set of sense amplifiers;

30 receiving a next address bit to produce a
second partial address, whereby the addresses of only
one-half of the first memory locations include the second
partial address thus eliminating the other half of the '
first memory locations; and '

35 coupling second data lines of the remaining
one-half of the first memory locations to a second set of
sense amplifiers.
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20 sane time, the nunber 5 wire of bus 206, -which corres- ponds to
the D5 data line, is routed through input "1" of mux 851 and coupl ed
frominput N of switch 860 to out put S, so that the D5 data line is

| atched into the D5 |atch t hrough sense circuit 821. Finally, the
nunber 4 wir ewofgeBs1s4 bus 206, which corresponds to the D4 catrasshe/omss: i s
rout ed t hrough the "0" input of thege853 nux and coupl ed from

i nput P of switch 860 to output T and hence into data | atch D4

t hrough sense circuit 823. The control signals A - | of nux
control ler 810280 Ere Makhodepfdeirifed dyfurleroinohRding crpteionng s

dﬁri {19 - tbleepf@ﬂﬁﬁiiigge aéllﬂiesﬁfbpwl’t&i iﬁ?d‘;&@iaabéﬁpléeetédp’ii[ﬁ&s] | ock
chart o i g. en - I ; . err] cl ock,
when the four g@%%i'?v;ﬁﬂ‘euﬁ/%sgwé‘r E%EF%%%%?“%W%% IOEaE%B'-a%.B each produce
its "1" input ePdPkipg iBnElatagiings coxxgspopddadcEoi the pemakiping t hus
presenting theghoarvi¥s of thed@hagkt Nfdmdy tldRat ibASPECAI iRi BENSE: @F CUi tS

820 - 823 wher eupon..data. sensi egins. . PCT/ US99/ 07881
-21- sense am;%?f%:%er sArg’?'?f %?o%kgan&edgﬁgﬁd?ﬁt SRR Al%rr]
addr ess bfirsratmiling ofuihs, taygefe MeRPEYs 1PFBLARA. 741 or nux's

742 and 743, will continue to produce the "1" input, thus feeding two
of the D7 lines to the next |level of nux's. :
10 21. The method of claim 19 wherein the first set of
sense amplifiers comprises a first plurality of sense
amplifiers and the second set: of sense amplifiers
comprises_a'second plurality'bf sense amplifiers.

15
22. The method of claim 19 wherein the second set of
sense amplifiers is included in the first set of sense
amplifiers, and the step of coupling second data lines of
the remaining half of the first memory locations includes

20 decoupling the first data lines of the eliminated half of
the first memory locations from their associated sense
amplifiers, and coupling the second data lines to the
decoupled sense amplifiers.

25
23, The method of claim 22 further including receiving
the remaining address bits to produce a complete address
thus making known the target memory location; and sensing
remaining data bits of the target memory location while
30 at the same time outputting the first data line of the
target memory location. ' '

A



5 The other pair will be switched to produce the "0" I nputs, which
now carry the two possible D6 data |ines. Mux's 850 - 853 continue to
produce the "2" inputs. The effect is that two of the sense circuits
will continue to sense the D7 data lines, while the D7 lines will have
10  been de-W¥Q8YPA¥ from the other two sense circuits in PCTUSIMIBSIL 0
begin sensing the D6 data |ines. -31- At the Alerr] clock, when
all the address bits are in, the target byte will be known and

sel ect ed by degcoder lrcuit 200. Two.of the four mux's 850 - 853 will
be 15 sw tc%%d toTBFoﬁﬁE%’éh%é AR % ¥RETRiMLEre ARR &€ of - bus 206
and sensi ng ofreCed vBgahtie Mempdning gekingisk| bits elimitertem aAt lehetsane

time sensing @ne-hRa1B3of BReVWéthaining Hal® 69nﬂﬁimfiﬁgéihé%éﬁ§e circuits 824
827. Meanwhi,yl € I ne of, the target b)éte w |

- . sensi of_ the D7 data | )
have 20 compeERSAoRRA" BT L FESRPE SECRIEBLTO NN Ga5s Bats OF
| i ne cont3 nueshep tigrgstnmerory Haoratipn dmiclutie86de¢aupling theeifdred Vi a

control line %&al QipeBVbEHEhdeIINEISEREY one-hal £1OF cHWiddrdlind ngl i Nputs M
sure that da}lg ‘JEI nes .D7, - D4 are”l atched

i-nfot?hgiuﬁ pgtS%aQ&)ro:geéESnﬁliﬁ%t glgﬁn}frlya gfgkions trom their aspeeiaffbdi nent s
shown in Fi gsSepge pmplifiess and coupdvimghat bsastheorspmfopheat e use of

mul tipl exi ng remainGhyClhtd Yoitdd oS MEE ofl LAY BEYolSIEd iRt s can be
reduced.; A tery %éli e _designs are possible, each having 30 varyi ng degrees
S

of conplexity a iFr8on real -estate requi renents. The enbodi nent of
Fig. 2A is straight- .forward, but requires twelve sense circuits. The
enbodi ment of Fig. 8 uses eight sense circuits, but requires

addi ti onal rru?ss ani a or e c%gvol ex (‘:r?_rég oller.35 to operate the nux's.
Al t hough the dirscl osed%&fbod Tents <€ FPORTHE I edi cti ve sensing at the
A2 clock, the operationa memoryaarpay)isrranged dar bi plucdbiky tof nesdd,ze even

greater 15 esjebetolvNhaeRsPfa pligralatyi 68l aémbrpl Bimiidnison eaBRr 0ach
memory location having a plurality of data bits, the
memory array having bit lines for outputting the data
bits of every memory location of a selected row;
a decoder circuit coupled to receive the bit
20 lines from the memory array, the decoder circuit
including data lines and gating circuitry which
selectively couples the bit lines of every memory
location of a selected row in one to one correspdndence
with the data lines, the decoder circuit further
25 including address lines operatively coupled to the gating
circuitry to couple selected ones of the bit lines to
their corresponding data lines;
' a first plurality of N sense amplifiers having
inputs in electrical communication with first data lines
30 corresponding to every Nth memory location of a selected
row; and
at least one sense amplifier having an input in
‘electrical communication with one of the data lines of |

every memory location in a selected row.
35 :
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PCT/ US99/ 07881 -22- wi || depend on

maki ng tradeoffs anong factors including desired speed of the device,
circuit conplexity, menory size, die size, and power requirenents.
The di scl osed enbodi nent of the invention 5 realizes a factor of five
decrease i n VR&Y51IHe bet ween clocking in the |ast bit RET/U$O/0TSSE get
menory | ocation and cl ocking out t4g2<{irst bit of the target, thus
permtting a five tine increase in clock speed. However, t he

principles disclos herei,n.can be used. to realize a 10 factor of seven
decrease in t ﬁcﬂa %?’r‘? EREALr BFBPFY Se"lc‘?ii%fcﬁgsailah?st weevehBr t90®n of the
addr ess considaapdsr fcdgcuit fupther imeludes mozdirofli Xéneper ati ng node of

%??hinVentiE”?peﬁ?tﬂ$§%kn%pgﬁﬁéa £§f€ﬁ¥iégki éﬂ?ﬁ%&gf iEog; the Y portion.
respect to Fig. s redi ction node begins_affer receiving
the first bi ts’i%t%é’t?,w?l]lé'ncg&ﬁ ?nﬁh%&”tq‘ngllﬁ‘?s ot N ESiSCFFﬂem%‘EPﬁG begi n
on the Ajerr]ladaicionst lres thedireasirespdmding datlai Adnkg.a factor of seven.
Necessary changes to the | ogi ¢ i nclude nodifying decoder circuit 200
to provide [ diti,on_to _the three decoding

16-t0-8 eight decoding, in
20 nodes debtri bg&e tsﬁEngag‘ﬁW’ﬁ’éi‘%ﬁ‘%[‘FFafafgtdﬂ’r@ AS EpgERer t here
will be ei ghtincdwdlidat @ bpresd phuvality oof Msenze amplifiess bayingii | | be
needed. Fol | oMb d Reuprell t8CLEEEn@Tdata lines coxrresponding to
- 10 every Mth memory location in a selected row, M being

equal to N/2.

28. The serial memory deﬁice of claim 27 wherein each

of the first data lines is a most significant bit and
15 wherein each of the second data lines is a second most
' significant bit. '

29. The serial memory device of claim 27 further
including an output buffer, a first selector circuit

20 having a single output and having inputs coupled to the
outputs of the N sense amplifiers, a second selector
circuit having a single output and having inputs coupled
to the outputs of the M sense amplifiers, wherein the
outputs of the first and second selector circuits are

25 coupled to the output buffer.

30. The serial memory device of claim 25 further
inecluding control circuitry having N independently
asserted enable lines, each coupled to one of the first
30 sense amplifiers, each sense amplifier having a circuit
which turns on and turns off the sense'amplifier in
response to control signals asserted on its associated
enable line; whereby some of the sense amplifiers can be
turned off while leaving others of the sense amplifiers
35 turned on.
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Fig. 2, eight sense anps will be required to sense the ei ght

candidate D7 data lines, four sense anps will be 25 needed to sense the
four candidate D6 data lines, two sense anps to sense the two

ossi bl e D5 and five sense anps to sense dat a
Fi nes of theqebgg/gglgarget byte; a grand éﬁt al of nineteen Stgﬁfé}g@msﬂo
Fol | ow ng the architectures of Figs. this 30 nunber of sense
anps can be reduced with the use of addltional mux's to re-use sense
anps which begame The sa¥fhi addoRs ddiARUBReE12in R dhdalR At ar get s

decr eases n_addi tional ad of .1 or |on f the
t ar get addres&‘fgh a@a%?‘ﬁ%tfe rﬁ?ta%bea‘%ngiﬁﬁﬁﬁt%ah‘él& d for so .
many sense anpermigiadsbecuplied ete ctite tignsyi data lm%ﬁpm@hdw\'im tNhe ot her

hand, the tingigriteasemithalt, each cld taemseﬁsloéo@xwrt&)%eswpl er
(and thus_snall.er) RPCTL.US99/

8
(50 1% ST el ks rar sgRee TR GiSe TROELFIE PURRRTANRAS cHFCuit
havi ng an i ncheaded aufboetoselesrablammentiguration whereimyeaghnafi vel y,

the predicti vetuaow atn pdd PBgRinals ifLdh laaeéekaagﬂ &bthriniddt it wi bR | ast
bit of the tarag ess ha een .Cl g_ckﬁg Thus w taElﬁ gference to
F i

Fig. scé’ﬁéﬂeﬁ Bgli‘ﬂ aeﬁ“r’ﬁ‘ not T TorfireiRes
the Alerr] cI mﬁl&cumehamng A3secqxicbr&e]leawtebkﬁoqumuxatemorpmmem

there argo onl Jedatd dFaRARIR! Enpit Bfe:rihal® 28! ¥Yn! ¥ectrical

communication with only one of the N output terminals.

32. The serial memory device?of claim 31 further
i5 including: |
a second plurality of M sense amplifiers, each
sense amplifier having an input coupled to a second data
line of every Mth memory location of a selected row, M
being equal to N/2; and

20 a second sense-ahead circuit having M input
terminals and M corresponding output terminals, each
input terminal coupled to one of the second data lines,
each output terminal coupled to one of the second sense
amplifiers;

25 the second sense-ahead circuit having a first
selectable configuration wherein each of its input
terminals is electrically coupled to its corresponding
output terminal and a second selectable configuration

_ wherein all of its input terminals are electrically

30 coupled to only one of its output terminals.

33. A serial memory device comprising:
a memory array arranged in a plurality of rows,
35 each row having a plurality of memory locations, each
memory location having a plurality of data bits, the
memory array having bit lines for outputting the data
bits of every memory location in a selected row;
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candidate D7 data lines to sense. In this configuration, 10 ni ne sense

anps are needed to realize a factor of three decrease in the tine

bet ween receiving the target address and outputting the target nenory
| ocati on, which translates to a three tine increase in the clock.

I n the discl ogechesnizadi nent of the invention, 15 only one sutusssosansed
ahead of time for each address bit -3geceived. Thus, with reference to
Figs. 2 and 4A, when address bit A2 is received on the Alerr] clock,
predictive sensing of the four candidate D7 data |lines begins. Upon

recei ving the next addres$asiqderARdrFrit ppepked k@ Fersivg ore AL the two
candi date D6 dpiResi fiesSm EHEBRERSY akBaghotherdecoder etibedieent of the

i nvention, howe ey t.han . a . J . | date byte can be
sensed ahead O%Xﬁ?r%g% da&wﬁtl%%%t ggé _?Hrﬁ% "Jflr%%m ?%% g'gggié and spirit of
t he i nvefelenptivRiy Saupies the Phe 1jres |in/®ektBoPRet he D7 and 25

D6 data | sPes obriéspdridencanditihithebiiaea Tinede thendedoder circuit As
a mtter of co | . r . i (0] } nvention
E\\f?&tx%n? \r/'ienéﬂ?dﬂ{gg agrd%'?gs llne? %t@&yg%ﬁ:ﬁe& r‘Ly

f
performed is predrcir ) op ron on ast s cant ?Di ts of
the target the ;gafe 823 ity B8 opBle | L esttechengddpésthe fdkever, 30

the invention Lsneeagh | yhaiinpcaadasponichgt @ae Tinesyost significant
portion of the address i ﬁﬁg! A\ Uly £ ’SEP rting £ ' rincipl es
of operation of the J'SSIE n_ver:lltl}@gtnggng Smlf%%u seai(::"he i’c%%gﬂ]t%lggblgr?gf its
nmade 10 posSPBPEER\E? R fiRAInGasA. 1388 of every Nth peme¥yriRERYEOR t h
requi renents oint&aes&BRicted rowyr ot ocol, the preferred enbodi nent of the

v ent s, e e o2 AT b OBt il LB Col
line coupled to a second data line of every Mth memory
_ location in a selected row, M being equal to N/2;
15 a plurality of N sense amplifiers, each having
and input and an output; and.
multiplexing circuitry having input lines and
output lines, the input lines coupled to the first bus
lines and to the second bus lines, the output lines
20 coupled to the sense amplifiers, the multiplexing
circuitry further having control inputs for coupling
selected ones of the first and second bus lines to the
sense amplifiers;
whereby the N sense amplifiers are shared among
25 the N bus lines and the M bus lines.

34.  The serial memory device of claim 33 wherein the
~multiplexing circuitry includes N 2-to-1 multiplexers;
30 each of the first data lines coupled to a first input of
one of the 2-to-1 multiplexers; each of the second data
linea coupled to a second input of two of the 2-to-1
multiplexers. ' '

35
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PCT/ US99/ 07881 -24- the D6 data |ines

and so oen. This allows for the npst significant bit to be shifted out
first, per the SPI protocol. Alternatively, for a protocol other than
SPI, t he jon can be inplenented to operate on the

5|gn|f|cant BWnggﬁ%%t so that the | east ;égnlflcant bi t PE?@Q%ﬂﬁgﬁtted

first. Thus, the DO data |ines of the ‘candi date bytes can be sensed
first, fol | owned by the D1 data lines, and so on. This approach is

consi stent Wty Tw%&%&cm@he%o&e@m abf ca;légnbtg,gle %%F%@E on and

enj oys 10 t he benef i as.a h .
i nventi on d|scﬂ?élﬁ?iﬂﬁnﬁ?coﬁ%tWu}EFB#Eﬁﬁﬂgt%é¥ﬁfﬁ;zyéagﬂda aala ;?gfﬁe | ogi ¢
conpri si ng dedduersesigmlimul2@@leanngecircul taapiad ngo inpat st keupiledzer o

lines are coupl@GHe dftp u@é of théa&anlsénsﬁpuflfefy tanfanﬁaum@soa& uegupl ed
to the D6 data 15 |nes Bﬁ&? ﬁﬁémg i nes are coupled to the dat a
0

l i nes 5 andCLPYSSt (50 thE w order bits of the candidate
bytes are sensed first.

3s6. The serial memory device of claim 33 further
including control circuitry having N independently:

10 asserted enable lines, each coupled to one of the sense
amplifiers, each sense amplifier having a circuit which
turns on and turns off the sense amplifier in response to
control signals asserted on iﬁs associated enable line;’
whereby some of the sense ampiifiers can be turned off

15 . while leaving others of the sense amplifiers turned on.
37. The serial memory device of claim 33 further
including a third plurality of bus lines, each bus line

20 coupled to one of the remaining data lines of every

memory location in a selected row; the multiplexing
circuitry further haﬁing an input coupled to at least one
of the third bus lines; whereby the N sense amplifiers
are shared among the N first bus lines, the M second bus

25 lines, and at least one of the thixrd bus lines.
38. The serial memory device of claim 37 wherein the
multiplexing circuitry includes first multiplexers and
30 second multiplexers, each of the first multiplexers

receiving as input one of the N bus lines and one of the
M bus lines, each of the second multiplexers having
inputs coupled to an output of one of the first
multiplexers and to at least one of the third bus lines;

35 the second multiplexers having outputs coupled to the
sense amplifieré.

LR



PCT/ US99/ 07881 - 25-

d ai ns 1. In a serial nenory device having a plurality of

menory | ocations, the content of each nmenory |ocation 5 consisting of a
plurality of dat a bits, a nmethod of readi ng out the contents of a -

t arget nmenor YOI9%%EUE4 on conpri sing: r ec RCHUSF/H¥ar t i al
address of the target menory | ocat-3ér; 10 for each nenory
| ocati on whose address contains the partial address, sensing |ess than

all of its d remai ni ng addr ess

bits therebyazg'g1 “Thi sr?ﬁll?r]lo%ﬁm?ﬁé IR °§eﬁg?§7‘“l gga’%‘f erlS
sensi ng t he riémelyding datailpidt EUbtlm]Irﬁ?CQIarﬁ@dt a datankately, |tWdwatihdrdahi | e at

the same ti nemapéfbmcé&umabhﬁg inputd rc,&supi%aacbl tnd f‘&i&ﬁibs aﬂdthe

after sensmgthern@ﬁgﬁ% %lts g o (gtg QB‘ |n|ng dat a
bits. 20 £h8 WirEr EPPTER ] & @hsmg

| ess thah al |lafchthe data bItS Is a step of sensing only a first data
bit, so that sensing the first bit of the 25 target menory | ocation
commences before its address is recei ved.

40. In a serial memory device having a plurality of
memory locations, the content of each memory location

10 consisting of a plurality of data bits, a method of
reading out the contents of a target memory location
comprising:

receiving a first address of the target memory
location, the first address beihg a partial address of
15 the target memory location;
for each memoxry location whose address contains
the first address, sensing less than all of its data
bits;
during the step of sensing (i) recieving one or
20 more additional address bits to produce a second address,
thereby reducing the number of memory locations
containing the first address and (ii) sensing one or more
additional data bits of each of the reduced memory
locations; and
25 reading out data bits that have been sensed.

41. The method of claim 40 wherein the step of receiving
one or more additional address bits is a step of

30 receiving the remaining one or more address bits of the
target memory location, and the step of sensing one or
more additional data bits is a step of sensing the
remaining one or more data bits of the target memory
location. ' '

A



3. The nethod of claim1 wherein the step of receiving 30 a partial

address .includes receiving the first N address bits of the target
menory | ocation, N being less than the nunber of address bits
constituting the address. 35 4. The nmethod of claim %&Qﬁﬁﬁ}o%si he
first N addre¥Q%5913 its are the N nost significant address bits.

PCT/ US99/ 07881 - 26- 5. The net hod
of claim1 wherein the step of receiviing16 a partial address is a step
of receiving all but the |ast bit of the address, and the step of
receiving the remai ni ng address bits is a step of receiving the |ast
5 bit of the address. 6. The nethod of claim1l mherqia the step
of sensing CLEss than all of the data bitADDR/RAT] of se ng only

10 a first dat itl26and the step of receiving t[Epd&ini ng
address bits incTgdes: o '
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receiving a next address bit of the target menory | ocation to produce

a second partial address; and for each nenory | ocation:
whose address contains 15 t he second partial address, sensing a second
data bit t hereof so that sensing of the second data bit of the

t arget nmenor yWPE¥EMPbn conmences before its address b REHEFINTTE I .
20 7. The nmethod of claim®6 wherein the step of receiving a
partial address includes receiving the f{gst N address bits of the
address of the target nenory |ocation so that t he second parti al
address represents the first N+1 bits 25 of the address, N+1 being |ess
t han the nunber of address bits constituting the address. 8.

The nmethod of claim7 wherein thelfirgiTandesecodd 30 data bits are
respectively the first and secondf nost 7 si gni{fi cant da bits.
9. The nmethod of clai apg Whewest he i rS N add I'Ts are the nost

S|gn|f|cant[292ksfs b|&§.
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PCT/ US99/ 07881 -27- 10. The net hod

of claim1 wherein the step of sensing |l ess than all of the data bits
is a step of sensing only a first data bit, and the step of receiving
the remainin ddress bits includes: 5 ' regei vl e
next-to-| astg‘é%%?r’sgésg bit of the target nmenory | ocation ?%M%dr}g?gkc]e a
second parti al address; and for each nenory | ocation
whose address contai ns the secon8/pg8 ti al address, sensing a second
data bit 10 t hereof so that, sensing of,the second data bit of the
target nmenory [ ocdti on comrences befare lts address . beconmes known;
recei ving tahg —addressthittof t Lge.t—___.mcq%apt-'i-ﬂft o]
produce t he addr ess |of hr get nengry | ocatyon;: and
sensing the i b T get ne;g;iz%gmzﬁ?éh, wher ei n
sensi ng of St—anRe—S546 b ~bi-t-s—t-hd e in progress or
have conpl gf 2-9———#—1—1 Ape-of—el-am3p—wher e+ e first
and secondm ta bits respectivelly aje the nogqt s} gni ffcant awxd
second nost T cant oA pris. 125 T2 T aseriar fenory
devi ce havi Lrgrray-—of—eanry Lpcattons—grrel n rowsgand
col urms, each—mamry == = T _——>0
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| ocation having B bit lines and a uni que address, each addr ess

represented by A bits, a nethod of sensing the 30 content of a target

menory | ocation, conpri sing: (i) serially receiving N

address bits of the target nenory location, N < A

(ii) based oWOt¥8%1s4 address bits, selecting a row of peEIMES9g/etserati ons

in the array; 35 (ii1) serially receiving | additional address

bits and selecting the bit |ines corr%aﬂ ding to a first plurality

of menory locations in the selected r each PCT/ US99/ 07881

- 28- such. menory | ecation hawi ng. t he same

address as the-(hHI) recer$fd addresg bifs, (N+l)
. I .L.gnl

Ntl) bits inits

{
< A o (iv)
for each ngnot eaton fre—f+-st =y —p—Aenpry—+arat i ons,

sensing a9 ijrst subset of

5{ its bift | nes, T (v)swhile
sensing th | r]st{ subset o It ' neg of “eachy mefjory ca é% [
first plur /O] menory

L Tocat [JOMs TECer vingg | addresg bit
t hereby redyctmg The (115t prourgtity of Tenorypratiars—n&iunber by
10 one-fllt,_lrekulting |

second lplufality of Inenpry 7 IoEPtlons
and (vi) f each nerforyjl ocation jin [he kgfbn
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plurality of nenory |ocations, sensing a second subset of its bit

lines. 15 13. The nethod of claim 12 wherein the sensing step of
step (iv) includes sensing each of the bit lines in the first subsets
by couplingyd 9P a sensing circuit; 20 wherein step (\prhjdsd¢red@s
decoupl i ng one-"halt of the first subsets of bit lines fromthe sense
circuits, in response to receiving the next address bit, thus making
avai |l abl e one-half of the sensing ci 16s; and wherein t he sensing

step of step (vi) includes sensing sonme of 25 the bit lines in the second

subsets by coudling themto the avail abl e sensing circuits.
14. The nethoq of claim 12 whereijn the first spbset of 30 bit Iines of
each nenory | o i R—t.he . 3 (urality of menory | ocations
consists only of the nost signiflicant - bit of tlhe menory | ocation.
35 15. Then éﬁlain1i4 wher ei n the secorjd subset of bi t
| i nes of eacHanenDry | ocati pn inp the decond plufality of nmenory
| ocati ons consilsts only of the fi rs§ and second nost significant bits
of the menory | ocat] on. S
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PCT/ US99/ 07881 - 29- 16. The net hod

of claim 12 wherein the sensing step of step.(iv) includes, for each
of the menory locations in the first plurality, coupling a first one
of its bit lines to one of F sense circuits, F being the nunber of 5
menory | ocat iwegysamsa he first plurality. 17. The neCTUSPIOE8E| ai m
16 wherein the sensing step of step (vi) includes selectively
decoupl i ng one-half of the 10 first t]i lines fromthe sense circuits
and, for each of t he nenory Ioca@i ons in the second plurality,
coupling a second one of its bit lines to the decoupl ed sense
circuits. 15 8. The nethod of claim 17 wherein the first and
second bi t f each nenory | ocation are the two nost
significant bits. v 19. A nethod of reading out a nenory |ocation
in a serial nemwory devige, conprising the steps of:
receiving a pdrt isq,thlﬁqlres.s’ a target menory | ocation;
ADDRESS BIT
503
N %7
Y
| ~S04A Y /504B
DECODEX {_____ ! SHFTIN [ _______ Ep
ROW SELECT ADDRESS BIT
SOGA\ { 1 fSOﬁB
| JDECODE4D7SY_____ | SHIFTIN
1 SENSE 4 D7'S Al BIT
508C
508A Y vy___508B i 7
________________ DECODE2D6S)_____] SHIFTIN
E2 SENSE 2D7$ SENSE 2 D6'S A0 BIT
: : 510C
S10A~_ Y v 5108 e
_____________ DECODE D5-D0
Ej---e----d SENSE1D7 { SENSE1D6 SENSE D5.DO
l 512
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25 produci ng on data lines the data bits of first nmenory

| ocati ons whose addresses include the parti al address;

coupling first data lines of the first nmenory | ocations to a first set
of sense anplifiers; 30 receiving a next addre '

produce a wo%’é%‘é?]d partial address, whereby the addressegé%/? %ﬁ'};’é}!
one-half of the first nmenory |ocations include the second parti al
address thus eliminating the other haff 1@ the first menory | ocations;
and 35 coupling second data |ines of the renaining

one-half of the first nmenory | ocations to a second set of sense
anplifiers. WO 99/ 59154

30- 20. The
t he relf¥f ni ng address

PCT/ US99/ 07881 _
met hod of claim 19 further including reggyving

bits to produce a conpjeet e TERLELESS Thus making
cougling the dala=~kines ce+responding to the remaining 5

| ocati on; arg 0 » 3
data bits ot J’ L]ta CRoEBY | B? tg3(3 59 P B9 '86 S BS "§'en_se
anplifiers | at TR - dat-a- | | ne of
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10 21. The nethod of claim 19 wherein the first set of sense

anplifiers conprises a first plurality of sense anplifiers and the
second set of sense anplifiers conprises a second plurality of sense
anplifiers. 15 22. The met hod of claim 19 wherein the second set
of sensgoggPdhdsf i €rs is included in the first set of secyas/e78s:
anplifiers, and the step of coupling second data |ines of t he
remai ning half of the first menory Io?f}i ns includes 20 decoupling the
first data lines of the elimnated hal 3 the first nmenory | ocations
fromtheir associated sense anplifiers, and coupling the second data
lines to the decoupl ed sense anplifiers. 25 23. The net hod
of claim 22 further including receivin t he remai ning address bits to
produce a conpl ete address husfﬁﬁﬁmﬂgskno the target nenory
| ocation; and sensing renmai hi ng daigg bits the tar menory
| ocation while 30 a00t he ime outputtin Irst data |line of the
t ar get nenoqx3LQ@?LL8n\ 881 .
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-31- 24. The net.hod-ef—etatm 23 wherein the step of recei ving

the remaining address bits elimnates at | east one-half of the
remai ning half of the first menory | ocations; and the step of sensing
remai ning data bits of 5 the target nmenory location in oupl i ng
the first WO9EH4 |ines of the elimnated one-hal f of t%@&gﬁ%ﬁgﬁng
half of the first nenory |ocations fromtheir associ ated sense
anplifiers and coupling.at | east one @f i6he . remai ning data bits to
one of the decoupl ed sense 10 anplifiers. 25. A serial menory
devi ce conpri si ng: a nenory array arranged in a plurality
of rows, 15 each row having a plurality of nmenory | ocations, each
menory | ocation having a plurality of ptptpnggts, [t he menory array
having bit lines for outputting the datal bift s of evedigg menory
| ocation of a sel ect e(i ow, 07 a de _ ircurt coupled to
receive the bit 20 nes fronmts enory ., the decoder circuit
i ncl udi ng d§Ad..ADhes,, ' S R Lme e qvety coupl es
the bit IineA2_SE yBﬁsﬁ B I B2 | B}4a.Bf B d| 7 nﬁ# w.in one to
one correspardSEbe— ) T o I Nl AR 204 p916 b if ur t her
25 i ncl udi ng,,g,?g b SHHHT IRt oL q FRgl " 7-2
circuitry to couple se g ;uf;ﬁ D T CHIT 20289763 k.o
corresponding data lin sttt Sense
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at

| east one sense anplifier

havi ng an i nput

communi cation with one of the data |ines of

sel ected row. 35
- 32- 26.
decoder circuyp
the gating circu
sel ected nmenory
27. The serial

PCT/ US99/ 07881

el ectrical
every nenory |ocation_ in a |,

in

The serial nmenory device of claim25 wherein the

1try to
5

menory devi ce of clai ni@% ¥6urt her

9&§ﬁgper i ncl udes control

si nul t aneousl y

plurality of Msense anplifiers having
every Mh nenory location in a selected row, M

| i nes correspond
bei ng equal
wher ei n each

ing to 10
to N 2.

of the first dat

28. The ser

i nes

oper at i v Yus5$ ed to

couple the bit I'inmes o

| ocations to their corresponding data |ines.

i ncluding a second
i nputs coupled to second data

ial menory device of claim?27

| | BYBLINES nD$t significant bit and 15

wherein each of the second data lipes is g,secondfnost 10% gni fi cant
bi t . 200 o o
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29. The serial nenory device of claim 27 further I ncl udi ng an out put
buffer,” a first selector circuit 20 havi ng a single output and havi ng

i nputs coupled to the outputs of the N sense anplifiers, a second
sel ect or | yt having a single output and having i npptsussiRdssd
to the outpu?gﬁ%éﬁﬁﬁe M sense anplifiers, wherein the out puts of the
first and second selector circuits are 25 coupled to the output buffer.
30. The serial menory device of claihi261Burther i ncl udi ng control
circuitry having N independently asserted enable |Iines, each coupled
to one of the first 30 sense anplifiers, each sense anplifier having a
circuit whi ch turns on and furnsBAfEINESe sepse anplifier in
response to control signals assented onlb s assofi at ed 10éenabl e |ine;
wher eby sonme of the 3gpse fTers cam be off while |eaving
ot hers of &Re i%Tse anplifiers rned . PCT/ US99/ 07881
- 33- 7. a7 Vage OLzCl HIN[ 285107, oot
i ncl udi ng a‘\i}éﬁx s ld’ L By | pa {°B7 Bol o s couplec
to the fir a | paasial 3 .
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output term nals, each output term nal coupled to one of 5 the first

sense anplifiers, the first sense-ahead circuit having a first )
sel ect abl e configurati on wherein each of the Ninput terminals is in
el ectrical conmunication with a corresponding output termnal, the

first sense-ahwachseiss circuit having a second sel ectable copfiRidbdd-Ed"
wherein 10 each of the Ninput termnals is in electrical

conmuni cation with only one of the N OUtQDZt term nal s. 32. The
serial menory device of claim31 furthe¥2 486 ncl uding: a
second plurality of Msense anplifiers, each sense anplifier having an
| nput coupled to a second data line of every Mh nenory |ocation of a
sel ected row, M bei ng equal tjo NBITIINES20 a second
sense-ahead circuit having Minput - §@7 m nal s} and M cof@&spondi ng
out put termnals, each00 | term nal coupl e ne of the second
data |ines, (A3, A®agh oyt put _ternin upl one of the second sense
amplifiers; A3 seL — Bo | Bie] WL g3 Fuke]pFd0pe [ B7 | BFY[ 110 2 first
sel ect abl e cgpTeg[ura? : \ o ermhal.s.is
electrically 0615 | ed LT ligs: 8 Hlt r 'Q@‘I-@"ﬂla second
sel ect abl e conf g‘Pﬁati i i : S et aird-2 -
electrically 30  couplig tl DA |1 s {1tk AR t BIIfh pao3t7-3 6-0 33.
A serial nenory device |f T : Fr arranged
ina plurality of .rows,lk dad :u& y{8iln L 0 Y 4
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menory | ocation having a plurality of data bits, the menory array

having bit lines for outputting the data bits of every nenory | ocation
in a selected row, PCT/ US99/ 07881

- 34- wo 99/59154 a decoder circuit coupled to receive tBerRisbonrsss
lines fromthe nmenory array, the decoder circuit I ncl udi ng gata I nes
and gating circuitry which sel ectig)Y couples the bit lines in one to
one 5 correspondence with the data |l 516t he decoder circuit

further including address |ines operatively coupled to t he gating
circuitry to couple selected ones of the bit lines to their

correspondi ng data |ines; BITIINESural Jty of N first bus lines,

every Ntl@6énenory

each bus Iine 10 coupled to a filrst dajggline o
— ity of Msecond bus

| ocati on in a sel286t ed a

l'ines, each [RyYs A0] | i\oe_coupl ed to ec a line of every Mh nmenory
location in g spé By, sV bqun? a8l aIB4t$.§lg . B&] B7 | Bs a
pl gral ity ofANsgen g ,-li-a ( " : R g d-an out put;
an P ixiinglliaiir amting i AT 4.
output |ines, HePPrpu 5 mfﬁ St = =ttt 1o
t he second bus |i nes, H ju : 2-20?7—3,6.0
oS e s
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20 coupled to the sense anplifiers, the nmultiplexing circuitry
further having control inputs for coupling sel ected ones of the first
and second bus lines to the sense amplifiers; wher eby
the N sense anplifiers are shared anong 25 the N bus lines and the M bus
i nes. wo38d%s913he serial nenory device of claim 33 whe P@qﬂ 7 .
multiplexing circuitry includes N 2-to-1 nmultiplexers; 30 eac %ﬁm?ﬁk
first data lines coupled to a first ion one of the 2-to-1

f
mul ti pl exers; each of the second data ‘E/qsl i nes coupled to a second i nput

of two of the 2-to-1 mul ti pl exers. 35 PCT/ US99/ 07881
- 35- 35. The serial nenory device of claim33 further
i ncl udi ng second mul tiplexing cirdquit r?”éh@‘sé dath | atch, t he second

mul tiplexing circuitry having inpyts coupbgd to the od@futs of the

sense anplifiers and h¥#ng o
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5 coupled to the data |atch. " 36. The serial nenory device of
claim 33 further I ncl udi ng control circuitry having N independently 10
asserted enable |ines, each coupled to one of the sense anplifiers,
each sense arphbdidogds having a circuit which turns on apcr/tswomspeff the
sense anplifier in response to control signals asserted on its

associ ated enabl e |i ne; wher eby s f the sense anplifiers can be
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sense anplifiers.

39. The seri al
athird nultiplexer and a data | atch,
i nputs coupled to the outputs of the
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t hereby réducing the nunber of nenory | ocations containing the first

addressiand (ii) sensing one or nore addi ti onaIGdata bits of each of
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BIY
A serial memory device (100) inclades a Y de- -{} 108
coder (108) and sensing circuitry (220-231; 720-723; IAJ-A°1 1,?

226-231; 820-827) which provide a predictive mode BojBljB2]} B3| BAIBS|BSyB7{BS)

of operation, wherein data sensing of a target memory A'-sm‘ 24799129
location begins before its address is fully known by oo =
sensing the data lines of a number of possible mem- . 3

ory locations including the target location. The method SENSE 2 e es s
and apparatus includes sensing first data bits of pos- AHEAD 2
sible memory locations when some but not all of the
address bits arc clocked in. As additional address bits
are clocked in, additional data bits are sensed. By the
time the target address has been fully received, sensing
of its first data bits will have completed so that serial
outputting of the target memory can begin on the next
clock. This sense—ahead feature permits an increase in
the intemal clock frequency without effecting extemal
timing constraints imposed by the varicus serial mem-
ory device interfaces.
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