06/°12/ 2005 1 Programmabl e Del ay Control in a Menory Field of the Invention

5 The invention relates to controlling the delays in a nenory, an I _
particularly to using programmabl e delays to control del ays. Back@¢2ﬂﬁﬁ/%905
the Invention 10 One of the difficulties in designing a nenory circuit is
optimzing the timng of the clock signals that enable various functions

in the menory circuit. Inherent in any cldck signal is the propagation

delay fromthe circuit thatg transm,tshe gl ock, si | to the circuit that
receives it. Wien a clock -sﬁ’rgﬂéﬁ‘mﬂ?bi%d&é%f’%@a', miqq%@%ner ally for
enabling sonme function, and nore specifically, for enabling sone other

circuit that plays a role in the function which is being enabled. The

clock signal is provided for tim ng:.purposes in order to optim ze a delay
that is required. One thing that h&delgedthadmentionassist in this timing is
to programgthat delay. One of the characteristics of that approach is that

20 there nmust be s features. such as fuses, | ch. are progra din
order to inpl enen'ﬁ-ﬁgdwprﬁpﬁdﬁ go&@!”é?'ﬁ”@;@&%\gglﬁéé" @e'aﬁmcgy’s B8 t he
i ntegrated ci padicularid tewsirighprograsinasiilg vizlayshetcomropgekiyat ed can be
optimzed for one circuit that it is enabling, but because of the
differences in delay based upon location of the receiving circuitry,
another circuit may be cl ocked Backgreundebthehaweolin num point in tine.
Sone | evejg of optimzation is provided, but using fuses to programa delay
does not solve all _of the problens associated with optinmumcontrol of the
del ay. The fuses, Rogefdhe difticylties indesigpige? mereanytcifsuiids aptianziog dae ay

el ement not  ofithing GAHERScIesIghals Ahad ensNasRaribas fitddhb in W niBthent Srtyione
re.1s nore cC rcut[g‘[rgt requl re t han J ust

one- 1 obal adngrertis g oGk sigiRis e pEphagATon rotdBbi e 11 nis
or other mecheamsinits tragclocledighal feethiecdirouifthbt reped@isadtmWigsn A rloakgigialdesi gn
R N e S S
The advant agdopenabkngisomeantpei ¢ircetit that plays & rolevin the fanption whithatscheing
signal is thegmubl i eFRY Hodk sigalli€ Prévidad fortifimg Mirpb8& th bR%r to optimize
5 a delay that is required. One thing that has been done to assist in this timing
is to program that delay. One of the characteristics of that approach is that
20 there must be some features, such as fuses, which are programmed in order
to implement such programmed delay. Such fuses require space on the
integrated circuit. Also, the clock signal that is generated can be optimized
for one circuit that it is enabling, but because of the differences in delay
based upon location of the receiving circuitry, another circuit may be clocked
25  at aless than optimum point in time. Some level of optimization is provided,
but using fuses to program a delay does not solve all of the problems
associated with optimum control of the delay. The fuses, however, do take up
space so each programmabie delay element not only requires additional
space for itself, but more than one delay must be included. Thus, there is
30  more circuitry required than just one global delay circuit. In addition to that,
there is the fusible links or other mechanisms required to perform that
programming.
In memory design the advantages of dynamic amplifiers are well
known. The advantage of a dynamic amplifier over a static ampiifier is
35 primarily power savings. The advantage of a static amplifier is that it will
amplify whatever signal is there, whenever it is there, and does not latch the
data. So as soon as the data arrives, it will begin amplifying and if the data



data. So as soon as the data arrives, it will begin anplifying and if the
data 06/12/2005 2 has to reverse itself or that the initial data E%s lné)i/§%05
onit, there is no risk that the output will provide wong data ec{ause It
will not latch in a wong direction. It will reverse itself if it begins

in the wong direction and w || uItimateIé provide the correct data. In a
dynam c anplifier, the data is |latched 5 a$ soon as the anplifier is

enabl ed.. |f Vg r‘éﬁre}s'éﬁﬂs%ﬂ‘-@'ttﬁafjﬂfeaini(t%l H%@a{a l‘n?%%‘ﬁoisbltlﬁ'{ iﬁ,éthgreoisi fo ASkHht

latch in the on dire,ﬁtlor]. So to take a ] g!eo ] W power “aspect
of a dynanic %ﬁlq%ﬁﬁ’létr":” iProyide yapng idata peaatse ihuill peldatehinrgweengi ts bei ng
enabl ed be _(Ia_ﬁtdimc;ied, ifrmiiﬂ_rrevéxl%e?ts‘éﬁeﬁdlb@giﬁy%:cih)ﬂgé fvrong Hﬁleemb: tbﬁé v&imterwi Ean
- necessary. : iabili r emif,it i.s enahl ed top . spon
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dynam c anpli{j.grs se they 20 require a clock 1n order to be enabl ed.
Al so, dynam c%aﬁ’&ﬁf?ﬁgi%g are going to be subject to processing, power

suplpl ]}/ vol tage, anth atnhemorethene ary tyficallytrnany sabamays treftfdivite upvtheuch g
anplifiers ar ; 1N e | generate
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on. | ocati on wReFRSSINthe datagrlhese ace lang linesTinat catry deta o and from itz i ons
create a 4§ f finpuld itd fHe S 116CatiHHSANT er8 5 'aﬁ%&lﬁcg%iﬂé@fﬂtha Thus
there is a need fqr,a systemfor _ optimzl ng clocks erepy ‘the ci rcw){ry
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from another. This problem applies to dynamic amplifiers because they

20  require a clock in order fo be enabled. Also, dynamic amplifiers are going to
be subject to processing, power supply voltage, and other secondary effects
that will effect how such amplifiers are clocked. Such secondary effects may
include noise generated by other aspects of the integrated circuit and such
noise may vary based on location within the integrated circuit. These types of

25  variations create a difficulty for implementing dynamic amplifiers in a memory.
Thus there is a need for a system for optimizing clocks whereby the circuitry

which is receiving the clocks is receiving the clock at its proper time.

Brief Description of the Drawings
30
FIG. 1 is a block diagram of a memory according to an embodiment of
the invention;
FIG. 2 is a block diagram of a selected portion of the memory of FIG.1;
FIG. 3 is a iogic diagram of a portion the selected portion shown in
35 FIG.2; and
FIG. 4 is a circuit diagram of a sense amplifier according to an
embodiment of the invention. |



FI"G 3'is a logic diagramof a portion the selected portion shown in 35

FIG2;, and FIG 4 is a circuit diagramof a sense anplifier accorg]
enbodi ment of the invention. 06/12/2005 3 Description of the Fi gu&ézqéési%

i I.lustrates one enbodi nent of integrated circuit 10. At least a 5 portion
of integrated circuit 10 includes nenory circuitry. Arrays 13 and 14 are a
part of this nmenory circuitry. Each array $s partitioned into a plurality
of bl ocks. For exanple, array 13 includes blocks 17 and 18. Each nenory
bl ock includes block control circuitry. For exanple, nmenory block 17

i ncl udes bl ock control circuitryDegscriplionefie Figuresk 18 i ncl udes bl ock
control circuitry 10 22. In one enbodi nent of the present invention the

bl ock control ci rcgiéri;_ﬁl and 22 are jdentical. In alternate enbodi nents
of the present invEleibilluskhates,pre pmbasiment ef intaarated qirquit 10-cAtleastaor y
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e bui try 21 SRERIAIGIES blockloonttoPb ity FBexamits ol BES17hbBtes. o
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circuitry 78,2 @&¢ identigal;stn @tqr&g‘gq embgdiments af the preganidevendiop|tbe k
o Bl ok ca R e e R o
daia |ine 74 tghty gftasgtt.  filse Froiiua Tascamauibpt B wioiidesia sogat2a2, and
an ihnput couptfidh irothis ettt dimepticombrites 4 bilhamdata)bitgéltclp ﬁbclam?atml anpl i L: er
76 has aqpal . of: , enabl e
oot ana cighint) 21 8ho 22 o, EBHROFany 2Tl 22 bR chilRg G aidif S
coupled to t w&%ﬂnes 56 anet provideoan outpud ol segondalyiarplifisr30 glebalydatej ust
circuit 80 hamed 56| dikck WBHirof Bfcuifff 21 Ytz LRCRECAAIALY 1o §9UrHC!

signal 82, a pragraminput coupl ed t he out put ¢ use clircuitry 34,
and an out putpr‘a‘ﬂa% EELYtUL iedelaymaust ﬁﬁ&i't‘ftrdf3£¥§'éd§ﬁ'@a1%ﬁ Fippl further shews
a block 70 within array 14, a block control circuit 72, a global data line 74, a
20 secondary amplifier 76 that is analogous to secondary amplifier 30, output
circuitry 78, and delay adjust circuitry 80. Block 70 includes a block control
circuit 72, which is analogous to block control circuits 21 and 22. Block
control circuitry 72 has a pair of outputs coupled to Global data line 74, an
ouiput that provides secondary amp control signal 82, and an input coupled to
25 the output of fuse circuitry 24. Secondary amplifier 76 has a pair of signai
inputs coupled to global data lines 74, an enable input, and a pair of outputs.
Output circuit 78 has a pair of inputs coupled to the pair of cutputs of
secondary amplifier 76. Delay adjust circuit 80 has a clock input for receiving
the secondary amp control signal 82, a program input coupled to the output of
30 fuse circuitry 34, and an output coupled to the enable input of secondary
amplifier 76. |
Optional multiplexer 28 may be used to determine whether a block
located in array 13 or array 14 is used to provide the data to secondary
amplifier 30. Block control circuitry 21 and 22 are each capable of
35 independently providing the secondary amp control signal 50 to delay adjust
circuitry 32 and to equalization circuitry 26. Equalization circuitry 26 is
coupled to global data lines 56. Fuse circuitry 34 provides one or more
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Optional nultiplexer 28 may be used to determ ne whether a bl ock | aé‘?g
in array 13 or array 14 is used to provide the data to secondary 0?2;1 £805
30. Block control circuitry 21 and 22 are each capabl e of 35 independently
provi ding the secondary anp control signal 50 to delay adjust circuitry 32
and to equalization circuitry 26. Equaliza#ion circuitry 26 is coupled to
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provides an output on global data lines 56 and 57.

FIG. 3 illustrates one embodiment of delay adjust circuitry 40 of
FIG. 2. Delay adjust circuitry 40 includes predetermined delay circuits 100-
103, tri-stateable buffers 110-117, inverters 118-121, and NAND gate 104.

25 NAND gate 104 receives block select signal 49 and read signal 51 as inputs.
The output of NAND gate 104 is coupled to predetermined delay circuit 100
and the input of tri-stateable buffer 110. The output of predetermined delay
circuitry 100 is coupled to the input of tri-stateable buffer 114. The output of
tri-stateable buffer 114 is coupled to the input of predetermined delay circuit

30 101 and to the input of tri-stateable buffer 111. The output of predetermined
delay circuit 101 is coupled to the input of tri-stateable buffer 115. The output
of tri-stateable buffer 115 is coupled to predetermined delay circuit 102 and
the input of tri-stateable buffer 112. The output of predetermined delay circuit
102 is coupled to the input of tri-stateable buffer 116. The output of tri-

35 stateable buffer 116 is coupled to predetermined delay circuit 103 and to the
input of tri-stateable buffer 113. The output of predetermined delay circuit
103 is coupled to the input of tri-stateable buffer 117. The output of tri-
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circuitry 100 is coupled to the input of tri-stateable buffer 114 T

out put 01}/ tri-stateable buffer 114 is coupled to the input of 06)192/2005
predeterm ned delay circuit 30 101 and to the input of tri-stateable buffer
111. The out put of predeterm ned delay circuit 101 is coupled to the input
of tri-stateable buffer 115. The output of tri-stateable buffer 115 is

bt Tor 112, " TR bap AT v bl o ha Bt on ichteBBbln B LT e8I °To ©
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input of tri-stateable buffer 115. The output of inverter 120 is coupled to the
non-inverting control input of tri-stateable buffer 112 and to the inverting
25  control input of tri-stateable buffer 116. The output of inverter 121 is coupled
to the non-inverting control input of tri-stateable buffer 113 and to the inverting
control input of tri-stateable buffer 117.
| FIG. 4 demonstrates sense amplifier 46, shown in FIG. 2 in block
diagram form, in more detail. Sense amplifier 46 comprises a P channel
30 ftransistor 202, and P channel transistor 204, a P channel transistor 206, a P
channel transistor 208, an N channel transistor 210, an N channel transistor
212, an N channel transistor 214, a P channel transistor 216, and a P channel
transistor 218. Transistors 202 and 204 each have a gate for receiving
precharge signal 200. Precharge signal 200 is one of the sense amp control
35 signals 43 shown in FIG. 2. Transistors 202 and 204 each have a source
coupled to a positive power supply terminal VDD for receiving a positive
power supply. Transistor 202 has a drain coupled to local data line 61.
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non-inverting control input of tri-stateable buffer 112 and to t
I nverting 25 control input of tri-stateable buffer 116. The outpﬂ@éﬁﬁjz/ZOOE
i.nverter 121 is coupled to the non-inverting control input of

tri-stateable buffer 113 and to the inverting control input of
tri-stateable buffer 117. FIG 4 denonstrafes sense anplifier 46, shown in
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has a gate coonsected toglobalaatading §7.ne 61, a drain connected to ground,
and a source connected to global data line 56. Transistor 218 has a gate
15 connected to local data |line 62, a drain connected to ground, and a

source connected to global data |Pgectptioneidbeilpyemionof the Invention 20
In operation, there are eight arrays anal ogous to arrays 13 and 14 and nay

conveniehly be cgf pdratitn Hidre are gt Shrays ansiogous fo arrays 15 and 14 and
may conveniently be called octants. In any given access of the memory of
integrated circuit 10, four octants will supply data in this described
embodiment. There are 36 bits provided on each access so that each octant
provides nine bits per access. Each octant has 32 blocks such as those of 17

25 and 18 shown in FIG. 1. For a given access only one biock will provide data
so that for a given access, a selected block will provide nine bits of data, one
block per the four octants that are selected. Thus, arrays 13 and 14 can be
considered subarrays of integrated circuit 10, and blocks 17 and 18 can be
considered subarrays of array 13.

30 Prior to a read, equalization circuitry 26 equalizes global data lines 56.
Multiplexer 28 is shown in FIG. 1 as being coupled to global data lines for the
octant which has blocks 17 and 18. The global data lines that would be
coming from a different octant, such as array 14, would also be coupled to
multiplexer 28. Multiplexer 28 provides the data received from global data

35 lines 56, or in the alternative, from the global data lines that are not shown to
secondary amplifier 30. In the optional case, multiplexer 28 would not exist,
global data lines 56 would be directly connected to secondary amplifier 30,
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enbodi nent. There are 36 bits provided on each access so that eac 6 m2
provi des nine bits per access. Each octant has 32 bl ocks such as those of
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even t hough |showsl pthis fuse circuitry is also selectively blown after electrical testing for
optimum delay. Block control circuitry 21 and 22 implement the information
provided on line 62 from fuse circuitry 24. Block control circuitry 21, for
example, initiates sensing of information provided in biock 17. That same
25  circuitry, block control circuitry 21, which initiates sensing of the data, also
provides secondary amp control signal 50 to delay adjust cichItry 32. The
triggering of secondary amplifier 30 by delay adjust circuitry 32 is initiated by
the secondary amp control signal 50 delayed by an amount chosen by fuse
circuitry 34. Secondary amp control signal 50 is also used to terminate the
30 equalization provided by equalization circuitry 26. Signal 50 is latched by
latch 11 to hold the input to delay adjust circuitry in the logic state provided by
block control circuitry 21 in this case. Line 12, which carries signal 50, is
physically matched to global data lines 56. This is intentional and provides
the benefit of providing excellent matching of the behavior, including delay, of
'35 signal 50 to that of the output provided onio global data lines 56. This
function of delay selection performed by fuse circuitry 24 could also by
another type of programmable circuit. For example this function could be
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into effect on every device. Fuse circuitry 24 simlarly provides,,
i nformation to block control circuitry 20 21 and 22 as well as t%é%gﬁ%42005
bl ock control circuitry for other blocks not shown. This fuse circuitry is
al.so selectively blown after electrical testing for optinumdelay. Block
control circuitry 21 and 22 inplenment the 8nformation provi ded on |ine 62
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46 is enabled by sense amplifier control signals 43 that come from sense
amp control signal generation circuitry 42. Delay adjust circuitry 40 provides
a common clock signal on line 45 which is a combination of block select and
read signals. Block select signai 49 is also received by sense amp control
25 signal generation circuitry 42 which uses it to release the precharge of sense
amplifier 46 prior to enabling sense amplifier 46. Sense ampilifier 46 is shown
in more detail in FIG. 4. Precharge signal 200 is one of sense amp control
signals 43.
In normal operation, the read signal will be active first followed by the
30  block select signal. Delay adjust circuitry 40 then provides its output, the
common clock signal, in response to the block select signal delay which is
determined by fuse circuitry 24. Delay adjust circuitry 40 is a programmable
delay which responds to selection signals provided by fuse circuitry 24. In
this described embodiment, fuse circuitry 24 provides four binary bits of data
35 to adjust the delay of delay adjust circuitry 40. Fuse circuitry 24 .is shown as
providing the data to delay adjust circuitry 40 via a line 47. Analogous delay

adjust circuits for other blocks are aiso coupled to fuse circuitry 24 and
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sense anplifier would be enabled prior to the colum decoder being, I
15 Sensgpanplifier 46 begins anplifying and | atching the infornat662q2£62805
the selected bit line pair in response to sense anp control signals 43. In
this particular enbodi nent, sense anplifier 46 receives the information
fromthe bit lines via local data |line 619and | ocal data |ine 62. Colum
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56 and 57 which is received by secondary amplifier 30 either indirectly via
mulitplexer 28 in one embodiment as shown in FIG. 1 or directly by secondary
amplifier 30 in another.
Fuse circuitry 24 and 34 are blown according to electrical

25 measurements made after processing integrated circuit 10 to a point where it
can be electrically tested. Electrical tests are used to determine the optimum
delay for delay adjust circuitry 40 and delay adjust circuitry 32. This is
achieved by determining what is the minimum delay which will result in
reliably detecting data from each memory cell. Thus fuse circuitry 24 and 34

30 are chosen so that even the slow bits will be reliable. If some bits are
exceedingly slow, then they are effectively defective and are not considered in
choosing the proper delay for the delay adjust circuits such as delay adjust
circuiiry 40 and 32. In those cases where the delay is excessive, those too-
slow bits are considered defective and would be subject to being repiaced by

35 the redundancy that is available commonly on memories. After the delay
adjust circuitry has been optimized by selecting fuse circuitry 24 and 34,
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10 sel ect signal 49 via common cl ock signal 45. Because signal 45% lgf/2005
| ocally generated control signal from block select 49, the cl ock Z

sense anplifier 46, the generation of data on global data |ine 56, and the
generation of signal 50, which is used to clock secondary anplifier 40,

are closely matched. Secondary arrp control105| gnal generation circuitry 44,
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select cir cuBUp]ny viaoiatien@mPlogser supply voltage varies based on the location w:thin

the chip. With the delay circuit being close to the block, the delay circuit will

receive a power supply voltage which is more likely to be closer to that

received by that block than if it were located remotely from that block.

25  Similarly, delay adjust circuitry 32 is located in close proximity to secondary
amplifier 30 to enhance the matching between the two.

A power supply voltage can vary significantly based upon the location
in the chip. The lines that carry the power supply voltages are finite in size,
and the current moving through those will cause drops in voltage so that,

30 depending upon the location, the voltage itself may vary. Thus, the fuse
circuitry which is programmable by blowing the fuses which in turn provides
information to the programmable adjust circuitry, such as delay adjust circuitry
40, is adjustable for those kinds of things that vary but are not necessarily
completely matched by having the circuitry in close proximity. This may

35 include power supply variation. For another example, the speed at which a
sense amplifier will provide a usable output itself may vary based upon
processing that it undergoes. That characteristic may not scale with the
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it may not sdeterrmiming issueWithiréspdctdo @ite 558é€ of thes@8WCcE dnBthe single fuse
circuitry is sufficient for optimizing the speed of the slowest case. The fast
bits are not operating at their fastest speed but that would not improve the
utility of the device anyway. In this case the information concerning the delay
25 is transmitted globally and continuously so that the delay circuitry has
received the delay information well before any signal is received for being
delayed. Thus, there is no delay associated with the transmission of the
delay information. Thus the timing issues that are typically raised by having a
single circuit provide information to other circuits in various locations do not
30 present a problem for locating the fuse circuitry, 5
Sense amplifier 46 and secondary amplifier 30 are each of the type
known as dynamic amplifiers. Sense amplifier 46 is clocked by sense amp
" control signal 43 so that it is not slower than necessary, but is long enough to
ensure latching of reliable data. Similarly, secondary ampilifier 30 is clocked
35  with the same considerations in mind. In this case, secondary amplifier 30
could be turned on too early if, for example, the data being provided on global
data line 56 by block 17 is not sufficiently developed at the time secondary
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speed of a nmenory. One never knows in actual usage which bits will be used
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sufficiently;geyehaBg hedaity b5 tidvity & SFRIISREY of fuse circuitry for each secondary
amplifier because fuse circuitry 34 does optimize the siowest case. With the
improved timing of the enabling of sense amplifier 46 and secondary amplifier
256 30, the power savings advantage of dynamic amplifiers can be implemented
while also providing high speed of operation.
Shown in FIG. 3 is a delay circuitry for use as delay adjust circuitry 4Q.
In this circuit there are four different delays and they are in increments that
are ratioed to each other. In this case, assume that predetermined delay 103
30 is the reference delay and is shown in FIG. 3, parenthetically, with a delay of
(1). Predetermined delay 102 has a delay which is double (2) that of
predetermined delay 103, predetermined delay 101 has four times (4) the
delay of predetermined delay 103, and predetermined delay 100 has eight
times (8) that delay. Because there are four binary bits coming in, these four
35 delays are selected according to these four bits and are arranged so that any
amount of delay from zero to 15 can be selected which takes into account all
16 options available from the four binary bits.




06/°12/ 2005 12 anplifier 30 is enabled. Delay adjust circuitry 32 68/102?59%5
in close proximty to secondary anplifier 30, and the bl ock contr ol
circuitry is in close proximty to block 17. Thus the delay on gl obal data
lines 56 fromblock 17 to secondary anpl .if{fr 30 is matched by the delay on
line 12 from block control 5 circuitry 21'to delay adjust circuitry 32. By

this matching, the TdogératiosSHRREBHlorHREAN R aelsgﬁbé,t 64, 158, RN

del ay adj ust (:1irCU|t g 32 redcel ving'its In Bt and sec ary anplifier 30
recei ving the 9&%@%& fyeasied anvsed iy sgmbialion. pheklelays 11 192gnal
g? aEd anste amd tithtowssporghial biné@z ﬁg?algelf%ﬂ, ?Qegaﬁdl,oéncﬁ%@ﬂmgiﬁaﬁmﬁl ,

)| ock sel ec i ch.. . benefit o r{.her mat chi .

rel ati onship g’?h?ﬁ% Fg%llgﬁ%lj h&%ﬁég'ggﬁpﬁ %fo@b%h'g o eacq’rir?l%%m%?%ﬂﬁ%yéﬁondar y
anp controb siegabledoron elcunpie, didetaylof teRussn bé achievey 3applyiag mitany| v
optim zed as ' Itar | By . t.

wbrst case congEIS28 dhl 0241h 2 fooje MERUAETENY BBl sl 1202l Jps %

i nformat i on t odieptajeadpisshastheceliectyof passina theaughhpretsterstingd delasnt®d i ng
e ot s | e e R R P o try 34 | s
sel ected for Rféége?emggdé%'ﬂﬂn%%ﬁrgbygﬁw'téygﬁg‘gofﬂfé‘?’ﬁ'ﬁ ﬁw@fan%%%ﬁdary
anpl i fi er10§2 , tribsitateathia Moe@emnhaeﬁﬁla@,Mdam@kfé Hli ttﬁa”fﬁbt'iérilr@r . Fuse
circuitr o] secondary ampl.ifier. e .
operatio% of I?rﬁ%aqﬁ}f’\?@Wﬁ&&gﬁa@ﬁgéspggét@%aq Psgpﬁdﬂ{%@t%ﬁgﬁégmdmg
operation of eeeuiliylintg therdeialyipath ssichithakit sestdtsdaayrebativielyl sraall 20es.0 Thisat
there is no | |, E elolP . Cl ' r
each secondar‘g’ﬁgiﬁﬁﬁ’.@@?‘gﬁﬁ‘ﬁﬁ%ﬁéy#”d%%‘“%ﬁ@%"dﬁ#;ﬁ%%%&%??%Sp'béffﬁ%%e%ﬁ@?

sl onest case. Othardypesof pipsravemwrhle gefaysdmawneindherart maydie sebstiuteddiorf i er

46 and schond@émy@amgtfcirg@it@a@o, t he power savings advantage of dynam c
' ' eed of

oper ati on. Shoun i UrEPTENS are Aaliaye or eBrestio s ratiod Gfahadelayspnst
cireui try 40.thelbinaryiones itwofourt dightapp@achu Thiré neayebé sitabfivis wherd hey are
pr edet er m ned'Sigg" 3BEvSaHy L8EasER R Mt spleftitma ThErS Mabs A Fi G .
par ent het i calditpatian whesre die¢ ahoiok is elther Brsighificantiamecuntedfaieldydr hearlgndel ay
0 has Pl el BBl 6% B8 PHA ol L Sich el
pr edet er ni nedredeieyminggl deley di0graould be chosen to be a relatively large number that
wouid be an estimate of the delay for the case where the large delay is
desired. The other delays would remain in the same one, two, and four
relationship to cover the fine resolution for either the large delay or near-zero
25 delay case. In any event, there may be other combinations of delay that
would be more useful and that could be selected by binary inputs on 122,
123, 124, and 125.
FIG. 4 shows sense amplifier 46 receives a precharge signal which, in
a logic low state, enables transistors 202 and 204 to precharge local data
30 lines 61 and 62 to the voltage present on VDD. Local data line 61 (LDLB,
local data line bar) is shown as the complementary data line. Local data line
62 (LDL) is the frue data line. Precharge signal 200 is active at a logic low
because that is the state in which it causes local data lines 61 and 62 to be
precharged to a logic high. At the same time that precharge signal 200
35  precharges local data lines 61 and 62, equalization circuitry 26 equalizes
global data lines 56 and 57 at VDD. With local data lines 61 and 62 at a logic
high, transistors 216 and 218 are disabled. Upon initiation of a read,




times (8) that delay. Because there are four binary bits com ng i@é/QHEF%OOS
four 35 delays are selected according to these four bits and are €

so that any anount of delay fromzero to 15 can be sel ected which takes
into account all 16 options available fromthe four binary bits.

06/ 12/ 2005 13 The operatlon |s that any o pr edet er m ned delays 100, 101,

102, and 103 galclprgbungea oo b B B GO 8311hG00 1 i 62 LYol
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28' aéshkm@/mtﬁn Akeumirig m;@exa?g;@tﬂgbw%él 48fa lun@efﬁgaﬁﬁdéwehe gg: ;;g. : Lgn
the bi ng;yogn'lg [Sqﬁg'ronfrgmeseé&%(ﬁpyﬁ)lag QWS%?E@ FQ?Q'S}'& h etaei ons where
nonl i near del egpectivelyis bsiets eaksa transéstor 21$Qémah'![smbn-66?dlﬁ¥tlvg>/arhﬁ a

wh cant, a 0 e
heary no 20 Gdsi0r 816 HeRopRstdiiler®e s PN LEEMNR S DnAbChR 88 ent
In such a cas\@ltagpmb@oéahdaiadlr@e&@;s heiog ceduckddue to sarrenbfltae thraughat i vel y
arge nuTBer (iistoo¥s t Body. °Fhé gaftg bn'diSh AR 1ih8lo6 i Seftfydher e the

I del esire e ot her
t \%geang ? gulrdSFOPE'FStq'E'ﬂg'ﬁﬂﬁ’siQf ?d&/le@cqrnes NPRcansltistive. dhis will Qqqun @ﬁer he

| arge del ay @jlofidata §he slehay W@éQh tth Gtﬁbérmw% lté bRtrARYstP 296NsT
congl natlons@gf del a d?@p ey ° dhe C(gu %g sel ected

re usef
by binary i ngl%/ONg&r )g*fec}epz\l\?hq eslagjg vpiigge s ﬁan&'%w sepkectadqhyi fi er
46 recei ves dodyaffent daedo ghelsowecdr transistar D96 THURWMISS aifferesdipl es

transistggs 0g.30Petléer QI0bFEAR @% 56534 188 Hata line 61 is the magnitude of
the normal threshold voltage of a P channel transistor plus the amount added
due to body effect.
Global data line 57 would remain unchanged. Thus a voltage
differential would be established between global data line 56 and global data
25 line 57, but that voltage would be limited to the difference between VDD and
the threshold voltage of transistor 16 plus body effect. The advantage of this
type of amplifier is that the differential is kept relatively small but sufficient for
quick detection by secondary amplifier 30. With global data line 56 and 57
being relatively long and thus large in capacitance, this small voltage
30 differential helps in preparation for the next read that may occur by taking less
time to precharge. Because secondary amplifier 30 is a dynamic amplifier, it
can sense this relatively small differential and latch the data provided from
global data lines 56. The primary advantage, however, is to save current
because these accesses are occurring, in this case, perhaps at 3
35 nanoseconds apart so this amount of charge that flows into the large
capacitance of giobal data lines 56 and 57 becomes significant.




30 lines 61 and 62 to the voltage present on VDD. Local data lin g} %&05
l ocal data line bar) is shown as the conplenentary data |ine. Loc ("1

line 62 (LDL) is the true data line. Precharge signal 200 is active at a
logic | ow because that is the state in i.ch it causes |local data |lines 61
and 62 to be precharged to a |ogic high. R the same tine that precharge

56 equal i 2es 8{ o edahee b chBbfe HoRACA0 iGRR ipaftiifld SBhalr 1 1001 (1Y
and 62 at a | 6B '@'Z'W&ﬁowmgm sease anplifigr 468 This isthessigeal thajisn

initiation of md‘ﬁﬂﬁde 5 bﬂmaﬁa@w@cﬁamgb&%m&d %ngégé yed so

t hat | ocal dat .nes, at gh, s t he
capaci t ance a§'§ 88’ g §@nﬂ ?2 Ar %9@6’ %inrH%e &Hﬁu'trﬁ’&é‘nsggﬂéi 4150‘5@@ kA é’d
thereto. A tprvidsxtherdalay infoegation tdihe délag adet citcuitesedinas dgla@@éd}uﬁnd a

pai o | ocal LY AORReel YR 3E8 Wiocisy epRBiiy §Fpmas 6Bk Sianal pn "

devel oped on fespanseie blackreeled signald®, laduny pregiselyajsneraiegradmmdal i s

enabl ed so t gﬁlq.%m t of
enabl i ng senggbgtlIE ‘@ﬁ?l’ ?rj%%&%é'y |n8%t%;ﬁ§%g“|tng %na@@@g@%@')dg 80?&{@9212
to begin arrp|$'99frl ftp alsq gefierA efsr’f‘eeC@aﬂaWparmwl&O s that thadgvelopaend of and
10 62. Asipumidetaich global @a(téﬂme% 56ﬂ@,tmh%eh VA ﬁhé dérelSpment oP seddtickiry ©S

i nformation re resent%ga(%%I gglc ow state and a |l ogic high state,
respectivel y. N¢ f2nsi stor 218 remains non-conductive and
transi stor 216 becones conductive. Wiile transistor 216 is conductive, the
voltage on global data Iine 56 is being reduced due to current flow through
15 transistor 216 to ground. The voltage on global data line 56 wll
continue dropping until transistor 216 becomes non-conductive. This wll
occur after global data |line drops enough so that the threshaold voltage of
transi stor 216 is no |onger exceeded. The threshold voltage of transistor
216 is effected by body effect due to the source of transistor 216. Thus,
the difference in 20 voltage between gl obal data Iine 56 and | ocal data
line 61 is the nagnitude of the nornmal threshold voltage of a P channel
transi stor plus the anbunt added due to body effect. G obal data |line 57
woul d remai n unchanged. Thus a voltage differential would be established
bet ween gl obal data Iine 56 and gl obal data 25 line 57, but that voltage
would be limted to the difference between VDD and




the threshold voltage of transistor 16 plus body effect. The adv
this type of anplifier is that the differential is kept rel ativyé?gméoos
but sufficient for quick detection by secondary anplifier 30. Wth gl obal
data line 56 and 57 being relatively Ionglﬁand thus large in capacitance,
this small voltage 30 differential helps i'fr preparation for the next read
that may occur by taking less tinme to precharge. Because secondary
anplifier 30 is a dynamc anplifier, it L?@mssense this relatively snall
differential and latch the data provi deg rom global data |lines 56. The

pri mary advantage, however, is to save current because these accesses are

occurring, in,this case, perhaps.,at 3 35 nanoseconds apart so this anount
of charge thafl* fl of® 'Pfﬁ%gﬁqec'fcé'itgﬁomé’ﬁ'ﬁ@gitance of global data |ines 56

and 57 becones signifigant. 06/12/2005 15 The sense app enahl e signal 201
is the critical tini rf'bﬁgﬁtejﬁﬁ'l“?f'lf’r?‘ hagAn autpuhwhi P@d@%@ﬁﬁ?m@

anplifier 46. This is the.si.gnal.that is reci sely del ayed by del ay adj ust
circuitry %o and prograﬂﬁé@ét%/a(fgﬁg@e'ag'elaé‘@ti on signal 47 provided by fuse
circuitry 24. Signal ' FQY L t d(g‘J . Lnf.ormation to
t he del ay adjust ci rcaﬁﬁltugéf@%%pgg? g@i"%blgé%&&b'ﬂgmsc%%m ‘&%’Fhlrh?g’glr?y

del ays the precise enabjj fi J i nse to bl ock
sel ect signal 49. In tubr@%@e‘gﬁse y dgﬁgﬁigg@@%ﬁ]é fgqs(t)éﬁé@?gnal 45

preci sely generates sense anp enabl e signal 201. Conmon signal 45 al so

gener at es secpndarJhé iftegi8@ irbGit 6Pclaftatt, Whréiavak TReEdicudl colfpriidsta on
gl obal data lines 56 is matched with the devel opnent of secondary anp

si gnal 50 on pluralitl8f fudes tdLPRASogEtHerAb [frovida tHe fitstishgit@shdicdtethé first
conprising: a first circuit that has an output which provides a first

signal tH&t delay,dhedisstadlay seledtdchlyy blowing splacted fusesadf the pluralityedfl e del ay
circuits each of which have a programinput coupled to the output of the
first circuitfus@s. The integrated circuit of claim1, wherein the first
circuit conprises a plurality of fuses coupled together to provide the
first signal to indicate the first )

3. The integrated circuit of claim 1, wherein the first circuit is a non-

volatile memory.

4, The integrated circuit of claim 1, further comprising:
15 a second circuit that has an output which provides a second signal
that indicates a second delay; and
a second plurality of programmable delay circuits, each of which
have a program input coupled to the output of the second
circuit.

20




10 delay, the first delay selected by blow ng sel ected fuses of thg
plurality of fuses. 3. The integrated circuit of claim1, \AhereiQB{I}eZ/zoos
first circuit is a non- -volatile nmenory. 4. The integrated circuit of

claim1, further conprising: 15 a second ci%cuit t hat has an out put which
provi des a second signal that indicates a''second delay; and a second

plurality of pyogr aARthen/dmyrighgcui ts, each of which have a program
i nput coupled to the output o@tﬁe‘ésecond circuit. 20 06/12/2005 17 5. A

mermory conprising: a algiirdlibiof rAémeeyBfyss rays; a plurality of fuses
coupl ed together to provide a selection Signal according to which fuses of

the plurality of fusea phiralilylsfioseosupledacgéthentd ptovide Bl waldel ay
circuits, coupled to the nenory arrays and coupled for receiving the

sel ection signal, wher eiaccorting towvhidhefuses of terpliralitd off Aysed dreublb@nofariche
plurality of delay circuits is associated with a nenory array of the
plurality ®f nenory apiuglityaigrogrammablendelby sircpitsydoupted tohtheahemmng 10
programred by the selection signal. 6. The nenory of claim5, wherein each
of the programmabl e del &raygiandipaupled tarirgeeivingthesieleatiopsigsalgwhiereio t he
menory array of the pluraljty of nenory arrays in which it is in close
proximty. 7. A menory, e@@"rﬁ%m‘? prparammable delay eijcuits ofdhe plumslitycfslelay
first circuit that has an o&t.gut Whjfh E’[ vides a fi rst%fsné?gnal hat
indicates a first del ayreyitp 15 asspeipteq] with a menery areay Hligrality ef
circuits, coupled to th lurality of, menoory Rl ocks an oupl ed for
receiving the first 20 &eﬁ%&,arﬁyg?/%}c{]loggg% %’r%ﬁ%%’%@ﬂ&ﬁ%’ﬁ%%@ ays
outputs ofy the first p i I lays circuits is
associ atg| with a mmb&%@ﬁeﬁﬁyﬁ%géﬁwﬁ@%ﬁf menory bl ocks and is
coupl ed

6. The memory of claim 5, wherein each of the programmable delay

circuits provides a clock output signal to the memory array of the plurality of

memory arrays in which it is in close proximity.

7. A memory, comprising:
15 a plurality of memory blocks;
a first circuit that has an output which provides a first signal that
indicates a first delay; and
a first plurality of programmable delay circuits, coupled to the
| plurality of memory blocks and coupled for receiving the first
20 signal, wherein each of the programmable delays outputs of the
first plurality of programmable delays circuits is associated with
a memory block of the plurality of memory blocks and is coupled

to the output of the first circuit.

8. The memory of claim 7, wherein the first signal comprises a plurality of

25 binary bits.




to the output of the first circuit. 8 The nenory of claim7, wh [

first signal conprises a plurality of 25 binary bits. 06/ 12/ 200§6§é&2¥§005
The nmenory of claim 7, further conprising: a plurality of circuits coupled
to the plurality of nenory bl ocks; a secogg circuit that has an out put

whi ch provides a second signal that indicates a second delay; and 5 a

second plural Bty offherrerRFFebLRiHe, furtser cothpdsiRgeh coupled to the output
of the second circuit and to the plurality of cirCuits. 06/12/ 2005 18A

Programabl e Del ay Comphusblity of irb@itocoupes té &1 plirdlityermiemoddblddis; has
sense anplifiers (46) that provide data onto a g¢lobal data I'ines (56, 74)
that are received by aseconthciycudintbiat hasas dEpuiAGhich prbeides rssecumad sighalr s
(46) and the secondary anplifiers (30,76) are enabled by clocks that are
ti med by programmabl e dthatyndicatesia se¢ael délagoand The progranmmabl e del ays
are programed by delay selection circuits (100-103) 10 that provide a
cont i nuous out put t o & $RCqicbptEativn el pragsamynahle celayscirquils epshsmuplathtr e are
two del ay sel ection ci r(ﬁuits (109-103). One is shared by all of the
progranmmabl e del ay ci r cti& uipubef thesecondisuitiandsiotbe plwaity ofgircuits 46) |
and one is shared by all of the progranmable delay circuits (32,80) that
enabl e the secondary anplifiers (30,76). The outputs of these two delay 15
selection circuits (100-103) are chosen to provide the output which
prograns the progranmabl e delay circuits (32,40,80) for optimzing the
wor st case of the access tine of the nenory. FIG 1 to acconpany abstract.






