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AFP3§§ Background This invention relates generally to serially sensing the
output of nultilevel flash nenories. Data is read froma nonvol atile nmenory
by conparing a voltage or current generated 5 fromthe stored data with a
reference voltage or current. In the case of a nultilevel cell, the process
of reading data involves conparing thelvoltage or current generated fromthe
data to a series of references in order to determ ne the position of the

generated vol tage relgghlfeSdRing TR O@ber ONMFREiletdTeaU ARl |y, the sensing
schene for reading data fromnmultilevel cells involves 10 using one sense

anplifi gﬁcﬁﬁguﬁach reference |l evel. This approach may be called parallel
sensing. Tmcontrast, in serial sensing, a single sense anplifier may be
utilized to Jdbisdnvantien retates genevally tosktiallylensing the quiputadwantilgyd fBshr educi ng
the amount of silicon area used for sensing circuitry by a factor of N
wher e NHEYRE nunber of reference vol tages. In addition, the serial sense
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| oad on the references. In contrast, in the parallel sense schene, the cel
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serial sensing, there is a need for better ways to 20 inplenment serial
sensingﬂmﬁeﬁﬂﬂwﬁﬁevel menory cells. Brief Description of the Drawi ngs Figure
1 is a sche ' |t Lon. _of. ' ; e or .th one
rbod; ot oF Cpreat PGk SR hicToy BEHRE SARIRIR I RENEHERERIE ' Cence

al goo i t hsihi Bnesened gapliferibt BachirefepsntcOleval. tThis Aprédchun®y Be ¢dlled pa@PElCt i on of a

| at chi ng nechani smfor a serial sense schene in L
sensing. In contrast, in serial sensing, a single sense amplifier may be utilized to sense the

multilevel cell. This has the advantage of reducing the amount of silicon area used for
sensing circuitry by a factor of N where N is the number of reference voltages. In addition,
the serial sense scheme matches the load on the cell dependent voltage or current with the

15  load on the references. In contrast, in the parallel sense scheme, the cell dependent voltage or
current has N sense amplifier loads while each reference has only one sense amplifier load.
This mismatch can create offsets in the amplification that may necessitate additional circuitry
or may call for greater differential margin.

In view of the advantages of serial sensing, there is a need for better ways to

20  implement serial sensing in multilevel memory cells.

Brief Description of the Drawings

Figure 1 is a schematic depiction of a serial sense scheme in accordance with one
embodiment of the present invention;

Figure 2 is an optimized serial sense algorithm in accordance with the prior art;

25 Figure 3 is a depiction of a latching mechanism for a serial sense scheme in

accordance with one embodiment of the present invention;

Figure 4 is a depiction of a latching mechanism in accordance with another
embodiment of the present invention;

Figure 5 is a schematic depiction of a latching scheme n accordance with still another

30 embodiment of the present invention;



accordance wth one enbodi nent of the present invention; Figure 4 iSi1&OV2006
depiction of a latching nechanismin accordance wth another enbodi nent of
the present invention; Figure 5 is a schematic depiction of a |atching
schene in accordance with still another 30 enbodi nment of the present

I nvention; 1 NOV 2006 -2 Figure 6 is a schematic depiction of another
enbodi nent of the present invention; - B gure 7 is a flow chart for the
enbodi ment shown in Figure 6 in accordance with one enbodiment of the
present i nveﬁig'umné isRy @bﬁma@: d@iaioymfena&lbtembcmim@htmf thyf prasemt henenéwbodi ment
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15 reference levels is one input to the sense amplifier 16. In a two bit example, the mid-point

reference two is between the levels corresponding to {0,1] and [1,0] outputs from the sensed
cells. A cell dependent voltage or current from an array cell holding random data is fed to the
other input of the sense amplifier 16. The output of the sense operation is the more
significant bit (MSB) data for the cell being sensed. The serial sense scheme uses the output

20  of the first sense operation (i.e., the MSB) to decide what reference to use for the second
sensing operation for the same cell dependent voltage or current.

In particular, if the more significant bit is a zero, then the reference level used for the

second sensing operation is the reference three. The reference level three is between the [0,0]
and [0,1] outputs from the sensed cells. Thus, as shown in Figure 1, the output of the sense

25  amplifier 16 is fed back through the less significant bit (LSB) logic 18 to select, in the second
cycle, whether to input either the reference level one or the reference level three to the upper
input terminal of the sense amplifier 16. If the most significant bit is a one, then the reference
level used for the second sensing operation is the reference one. The reference one is
between the [1,0] and [1,1] outputs of the sensed cells.

30 In some embodiments, one may simply cycle through the various reference levels

from top to bottom or from bottom to top. However, in some embodiments, such sequential



second sensing operation is the reference three. The reference | evel ;ioheRes
Is between the [0,0] and [0,1] outputs fromthe sensed cells. Thus, as
shown in Figure 1, the output of the sense 25 anplifier 16 is fed back
through the less significant bit (LSB) logic 18 to select, in the second
cycle, whether to input either the reference | evel one or the reference

| evel three to the upper input term ndl of the sense anplifier 16. If the
nost significant bit is a one, then the reference |evel used for the second
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fogic 18. In r.dance w t of, _t he | aventy on, the
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shifting 42 converts the |[atch data into two
In the parallel local latch embodiment shown in Figure 3, the periphery output latch

38 and the local latch 40 are both driven by the same local sense amplifier 36 output. In
addition, the control logic and voltage level shifting 42 converts the latch data into two
separate control signals to choose between the reference one indicated at 30 and the reference

20 three indicated at 32. More particularly, the control logic and level shifting 42 closes one of
the switches 34a and 34c and opens the other of the two switches 34 to provide the
appropriate reference to the local sense amplifier 36.

Referring next to Figure 4, in accordance with another embodiment of the present

invention, the level shifting function that drives a switch 34a or 34¢ and selects the one of

25  two references 30 or 32 may be incorporated directly into the local latch 40a. This may
eliminate one operation in the feedback path, in accordance with some embodiments, at the
expense of forcing the control logic and level shifting 42a to be at the same raised voltage
level as the output from the local latch 40a. Otherwise the embodiment of Figure 4 is similar
to the embodiment of Figure 3.

30 Referring next to Figure 5, in accordance with another embodiment of the present
invention, the local latch 40b may be placed between the local sense amplifier 36 and the

periphery output latch 38. This implementation matches the output latch 38 data with the



separate control signals to choose between the reference one indicat ggaitsosd
and the reference 20 three indicated at 32. Mre particularly, the control

|l ogic and | evel shifting 42 cl oses one of the switches 34a and 34c and
opens the other of the two switches 34 to provide the appropriate reference
to the local sense anplifier 36. Referring next to Figure 4, in accordance
wi th anot her enbodi nent of the present4-invention, the |evel shifting
function that drives a switch 34a or 34c and selects the one of 25 two
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(MJX) 68. The sense anplifier 36 may correspond to any serial si ng schene
i nclidi g senieh dfa ispesehsptiamg thé mere agméingﬂrkmrﬁaﬁ whbevmtérmeBiatpilaed 40, 3, 4

or 5. Durj t h f' or nsm the switch 44a is cl osed
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After the nore significant bit sensing is conplete, 10 the switch 44a is
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latches 52 and 60, respectively. Thereafter, the switches 54 and 62 are closed just before (or
at least simultaneously with) opening the switch 44b making the data available to the inputs
of the MLC word multiplexer 68. Data is captured in the latches 52 and 60 prior to being
disconnected from the latches 40 and sense amplifier 36. At this point, a subsequent MSB
20 and LSB sense operation can be undertaken without disturbing the data from the previous
sensing sequence while simultancously driving the prior data through the multiplexer.
Sequencing of the sets of latches 40, 52 and 60 can be entirely controlled by a single
pulse indicating that the more significant bit sensing is occurring. That is, when the more
significant bit sensing is ongoing, the switch 44a is closed and the switch 44b is opened.
25  When the more significant bit sensing is complete, the switch 44a is opened and the switch
44b is closed.
For a synchronous burst, the switch 44b may be controlled independently via the
system clock to ensure that the second set of less significant bit data does not overwrite the
first or more significant bit data. In a synchronous burst, multiple words are read at the same

30 time, such that each word can be clocked out without having to wait an additional sensing

interval for each word after the first word.



closed (the switch 44a remains open) and the switches 54 and 62 are QR@®VSHus
As a result, 15 both the nore significant bit and |less significant bit data
are transferred to a second set of |atches 52 and 60, respectively.
Thereafter, the switches 54 and 62 are cl osed just before (or at |east

si mul t aneously with) opening the switch 44b making the data available to the
inputs of the ML.C word nultiplexer 682-Data is captured in the |atches 52
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sequence, 256 bits of data. Since the sense circuits provide 64 bits of

data at Sielbd4 mgbe ppposhe theastate ahihe syieh fp-nbhastatgef thestvitsh 2Hetheat a. Thus,
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both t hglgnn}%ircgntabqtd daltae ggesstcl) ncl IIpIp(e::ra 1rr]1§)utbéft the multiplexer 68 and the least significant bit
data goes to the lower input of the multiplexer 68 wherein the data is combined.

Referring to Figures 6 and 7, a control 69 outputs the signals A, A, B, and B which
go to the switches 44a, 44c, 44b, 54 and 62 as indicated in Figure 6. The control 69 may also

20 1ssue the word select bits (WSB) that control the multiplexer 68. The control 69 may be
implemented in hardware, software or firmware.

Referring to Figure 7, in accordance with one embodiment of the present invention,
the control 69 implements a data sequencing flow 100 that initially determines whether more
significant bit data has been sensed, as determined at 102. If so, the signal A is activated to

25 close its respective switch and the signals B, A are activated to open switches, all as indicated
in block 104.

In one embodiment of the present invention, a check at diamond 106 determines
whether a time period has expired. The available time may be a time sufficient to capture the
most significant bit data in the latch 40 in one embodiment. Other techniques may also be

30 utilized to determine when to proceed.

Once time has expired, as determined in diamond 106, the signal A is operated to

open its corresponding switch and the signal A is operated to close its corresponding



10 The internediate |latch 40 includes a pair of inverters 48 and 50. { Nog 2006
intermediate latch 40 has a switch 44c controlled by the inverse of the
signal that controls the switch 44a. Simlarly, the latch 52 includes a
swtch 54 and a pair of inverters 56 and 58. The state of the switch 54 is
the opposite the state of the switch 44b. The state of the swtch 62 is the
opposite of the state of the switches-24b. The latch 60 al so includes

i nverters 64 and 66. The 15 switches 44c, 54 and 62 control the output of
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15  seen at the inputs of the sense amplifier 36, the array cell may be coupled to one bitline for

even blocks and the other bitline for odd blocks. Thus, the lowest significant bit of the block
decode may be used to determine which side of the sense amplifier 36 is tied to the array and
which side is tied to the reference cell, in one embodiment of the present invention.
Given this configuration, any system noise that impacts the bitlines appears as
20  common mode noise to the sense amplifier (common mode noise is rejected). As a
consequence of the twisting, the polarity of the output of the sense amplifier is dependent not
only on the relative values of the array and reference data but also on which cell is connected
to which side of the amplifier. Without the block decoded descrambling technique shown in
Figure 8, the polarity of the output from the sense amplifier would be unknown making it
25  impossible to determine the correct value of the MSB sense access (which is then used to
choose the appropriate reference for the LSB access). With some embodiments of the present
invention, the selection of the correct reference for the LSB sensing may be implemented
using the block address.
The block address 72 may be used to directly choose which side of the sense amplifier

30 36 to connect to the array and which side to connect to the reference in one embodiment. The

block address 72 and block address 74 may be coupled to a switching network 70
including the switches 80a and 80b coupled to the even input 76 and the switches 80c and



5 A check at dianond 114 determ nes whether a tinme expiration has ocgwove@os
Again the tinme expiration may indicate a tine sufficient to enable the |ess
significant data to be latched in the latch 60. O her techniques may be
utilized as well. In one enbodi nent, once the tine expires, the signal B may
be operated to open its corresponding_switches and the signal B may be
operated to close its correspondi ng swtches 10 as indicated in block 116.
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access i's then used to ose the appro ate re ence for the LSB
access) andDUT B.oOee éerbimhl wé thtesranbiston 89 jor emiphutd to nhnnmdblB)md drietes@haatfi on of

t he correct refe ncef B se b men usi ng the
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ad dlfessPMOSmWSMquvpsseghta & thatalse rdekivgs thetsignakpap® B dnitd gadié. nBhet getessS4i t ches
80a and 8(9 5)6 COH'TII%E w?xexg 8ata is pa%ve eitvr}gelilfthz gm%ﬂgel:[ ?66 andvﬂle fat Sy 80c and 1 Nov 2006
The signal pass B is also coupled to a pair of inverters 98 and 92 that are part of
circuits 88b and 88a, respectively. A transistor 102 is coupled to the inverter 98 and a
transistor 90 coupled to the inverter 92. The transistor 102 is parallel to the transistor 99 and
20  the transistor 90 is parallel to the transistor 86. In one embodiment the transistors 90 and 102
are PMOS transistors.
Finally, the transistors 96 and 94 are coupled to a differential amplifier 84 having
outputs OUT B and OUT A as indicated. The differential amplifier 84 is coupled to a PMOS
transistor 82 that receives a signal latch B on its gate.
25 The transistor 86 acts as a PMOS driver and the transistor 94 acts as a PMOS pass
gate. In normal operation, when the transistors 96 and 94 are turned on because the signal
pass B is zero, one of the transistors 99 and 86 is turned on and the other 1s turned off by the
complementary outputs from the sense amplifier 36. After a period of time, when data has
stabilized, latch B is set to zero to hold the data in the local latch 84. The transistors 94 and
30 96 are also turned off by the signal pass B equal to one to allow the sense amplifier 36 to
move on to the less significant bit (LSB) sensing.



-7 80d coupled to the odd input 78. Depending on the state of the swiNegVemos
80, either the odd input 78 or the even input 76 is coupled to the sense
anplifier 36 under control of the block address. The polarity of the output
fromthe sense anplifier 36 is the sane regardless of which bitline is
coupled to which cell. 5 Referring to igure 9, an isolation circuit 104 may
control the provision of a signal froththe sense anplifier 36 to a | ocal

| atch, such as the latch 40, 40a or 40b of Figures 3-5, coupled through the
S|gnal out puD@emqb@mtmy m18th@0h¢n39168Hh@dBuar@lﬂ&ﬂqa@mgWémwgs@@r%%
dependen that [ or 0 B. First and
second ol pu%rs eé‘ ff]ghgélg‘?g%és% %ranggha@egl%eg‘églagglqufqrﬁqemeC 8 0f the
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drivers fromthe sense anplifier to a local latch, such as the |atch 40
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transis t e nsi st or
86 :52 cfé g Pée ?%léh@r%gga: tﬁ. g%ﬁ%@&gﬁ%ﬂ}e%@ﬁé gt %Ergrfmm& gﬁf‘g tgr ansi st or
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si gnal mgmge &%dmgsseaaﬁté eW@S@%Bmdataﬁ@e@ée@dmmamermwgath passed
bet weeng r:%n Ler 36 and the latch. The signal pass B is also coupled to
apar o ﬁ ters 98 and 92 that are part of ~circuits 88b and 88a,
respecti vel yIn dhetensdiraéry tht @ddéssA and Bl aeelpteohdrbed iorthie supply 9&taan dvi@never

transistor 90 coupled to he I verter 92. e . fransistor 2 i paraIIeI to
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I 4 Finally,
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turned on because the t he tranS| stors 99 and

86 1% tur ned“ﬂnleahﬂjpnakmlt utvtemlon Bastbeem descubéd With réspectdo mpinamdntuarber ofit put s
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therefrom. It is intended that the appended claims cover all such modifications and variations

as fall within the true spirit and scope of this present invention.



stabilized, latch Bis set to zero to hold the data in the |ocal |at¢Ro%4e0s
The transistors 94 and 30 96 are also turned off by the signal pass B equal
to one to allow the sense anplifier 36 to nobve on to the | ess significant
bit (LSB) sensing. I NOV 2006 -8 One problemthat arises is that the nodes
A and B are left floating when transistors 96 and 94 are turned off. The
inverters 92 and 98 and the devices 90 arffd 102 form pre-charge circuits to
reduce or elinmnate the data dependency due to stored charge at nodes A and
B. If theyl I ransi stor 99 was driven | ow and the right side
transistoyﬂéékﬁ%%gg?%ben 5 high, the node B stays near the supply voltage
and the node A stays near ground, after the transistors 94 and 96 are
turned off. Asla re@dP¢t Oddgwfmjmtghe next sensing operation, the capacitive
| oadi ng seen at t hesQEesyHadittl RoteSsigiaticant BRAAERSM theBLORELT ¥ nivlHaed icaly
the sensing operation. |In one enbodinent, the nodes A and B are precharged
to the suppisyampliigdeafifekelsr 10 the respective transistors 94 and 96 are
opened. Small pull- . i Sk . Y nl i 10 ith
Che transi ot or . oo ShstB0 PRSI e ienBls, BR ARG 1 BERGAMIRE (Eond,
by the i nv¥ae¢H; asd pass B signal. Then, both nodes A and B are nuaintained at

vol tage supply |level whenever the circui.l 104 is being.used. Thus,, th
| ocal latch 40 doessﬁllﬁffwéﬁﬂ’??fﬂ’tg tp‘? Wgr%%g}gfi%t gﬁ%?f@g‘s%ﬁgﬁfﬁf@t‘ihﬁ@aﬁ‘"‘d latch.

nonsymretrical | oad on the outputs of a sense anplifier. 15 Wile the
present invention has been described with respect to a |limted nunber of

enbodi ments, tBose Tk mehad phclpine! drcludig storingplatcingpid squgeevmplidieryged saidat i ons

and vari a&iirs?@[%contd}?a‘ﬁﬁﬁf'f&)lglchés{ is intended that the appended cl ainms cover all
such nodi flcations and variations as fall within the true spirit and scope

of this present invention. | NOV 2006 9 Wat is clainmed is: 1. A nethod
G g St B P 2 ARy o pai 2F att e BPsctl bRl ©f

a mltilevel
including said first and third latches and the other of said paths including said second latch.

4. The method of claim 3 including selectively opening said first path to isolate said

first path from said second path.

5. An article comprising a medium storing instructions that enable a processor-based
system to:
selectively pass more significant bit data from the output of a multilevel cell sense
amplifier to a first latch;
selectively pass less significant bit data from said sense amplifier to a second
latch; and

selectively pass the more significant data from said first latch to a third latch.

6. The article of claim 5 wherein said medium stores instructions that enable a
processor-based system to store data in said sense amplifier, and said first, second and third

latches.



selectively passing less significant bit data fromsaid sense anplifiiaovmoa
second |atch; and selectively passing the nore significant data fromsaid
first latch to a third latch. 2. The method of claim1 including storing
data in said sense anplifier, and said first, second and third |latches. 3.
The nethod of claim2 including providing a pair of paths, one of said paths
including said first and third latches an® the other of said paths including
said second |atch. 4. The nmethod of claim 3 including selectively opening
said first path, to i.solate said. first path. from said second path. 5. An
Srticle conprighng ATt Fhechp Rid BRhaErS o B har 2hatld a
processor -ﬂ?@&@%r-bﬁ%ﬂts?ﬁbh% seledtemt o¥ 8 lpir BﬁFahmh@ 05 isﬁdﬂ'*)ﬁt'mi aRfudhigt safliofir8t dndom
the output of a multilevel cell sense anplifier to a first |atch;

sel ect i velthirglasehes andsthe pther of saidhpathsiincladipg s#id seroadiachsense anplifier to a
second |latch; and selectively pass the nore significant data from said
first latch to a third latch. 6. The article of claim5 wherein said nmedi um
st ores instruct8. ons Theartidaalfl daim 7 pwlereis swid bedmth stpsiseimstnectioho tiat dastde ian

said sense anplifier, and said first, secaond and,thi.r | at ches. 2006
10 7. *The PP o5 P oesqYER el Sadniat Bith Jpdrdae A BEE prLoR Ak
enabl e a PEREeREP! - based systemto sel ect one of a pair of paths, one of
said paths including said first and third |latches and the other of said
pat hs i ncluding said second |latch. 8. The article of claim7 wherein said
medi um stores instructions that enable a processor-based systemto

sel ectively open said first path to isolate said first path fromsaid
second pat h.



