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5 The invention relates to controlling the delays in a nmenory, an@ zg:?? 05
particularly to using programmabl e delays to control delays. Back ¢ 29

the Invention 10 One of the difficulties in designing a menory circuit is
optimzing the timng of the clock signals that enable various functions
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for enabling some other circuit that plays a role in the function which is being
~enabled. The clock signal is provided for timing purposes in order to optimize
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
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has noise on it, there is no risk that the output will provide wong data
because it will not latch in a wong direction. It will reverse itself if
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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.
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invention; FIG 2 is a block diagram of a selected portion of the
FIG1, FIG 3 is alogic diagramof a portion the sel ected portl &%805

in 35 FIG2; and FIG 4 is a circuit diagramof a sense anplifier according
to an enbodi nent of the invention. 06/12/2005 3 Description of the Figures
FIG 1 illustrates one enbodi nent of integ?ated circuit 10. At least a 5
portion of integrated circuit 10 includes nenory circuitry. Arrays 13 and
14 are a part of this nenory circuitry. Each array is partitioned into a
plurality of blocks. For exanpl deseripdign s the€ligites bl ocks 17 and 18. Each
menory bl ock i ncludes bl ock control circuitry. For exanple, nenory bl ock
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76 has a pai daiz lisggRBland prowcf)e an output to secondary amplifier 30 global data
lines 56. Block control circuitry 21 and 22 are also coupled to line 12 and
provide an output to delay adjust circuitry 32 via line 12. FIG. 1 further shows
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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20 coupled to memory celis 48 by way of bit lines 53. Sense amplifier 46
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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2Q coupled to nenory cells 48 by way of bit lines 53. Sense anpl iéi er. 24];3 005
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enbodi ment of delay adjust circuitry 40 of FIG 2. Delay adjust circuitry
40 includes predeterm ned delay circuits 100- 103, tri-stateable buffers
110-117, inverters 118-121, and NAND gate 204. 25 NAND gate 104 receives
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stateable buffer 114. The output of inverter 119 is coupled to the non-
inverting control input of tri-stateable buffer 111 and to the inverting control
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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connected to local data line 61, and a_drain connected to |ocal 5 data fine
62. Transistor 210 has a gate connBes@iptionofitsednvention |ine 62, a drain
connected to local data line 61, and a source. Transistor 212 has a gate

connected.to local data,Jin a drain connected to |local data |ine 62
90 In operataon ?here are quﬁt arrays analogous to arrays 13 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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the other octant, such as arra Qut put Circuitry 36 recei'ves data from
secondary ar‘rﬂ'i“iofel”f@d@@ QURTY device.
Fuse circuitry 24 similarly provides information to block control circuitry

20 21 and 22 as well as to other block control circuitry for other blocks not
shown. This 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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provi des the desired output on data |lines 60. Delay adjust circuigfy
provides the timng for the enabling of secondary anplifier 30. %@%2905
of delay is determned by the information provided on line 54 from fuse
circuitry 34. Fuse circuitry 34 is selected alone during processing after
integrated circuit 10 has been fuIIy fabrBcated. Fuse blowing is conmon in
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circuitry 244¢dslethadlexbbpgense 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 ehab!ing sense amplifier 46. Sense amplifier 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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includes a tri-state buffer. Latch 11 holds the sense amp control signal 50

20  when no block is active. Sense amplifier 46 provides data on global data line
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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common cl ock signal, in response to the bl ock sel ect signal delay,

determ ned by fuse circuitry 24. Delay adjust circuitry 40 is a 5@19ﬂﬂi605
programuabl e del ay which responds to sel ection signals provided by fuse
circuitry 24. In this described enbodi nent, fuse circuitry 24 provides

four binary bits of data 35 to adjust thel@elay of delay adjust circuitry

40. F d t he dat
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according, t 0 yte Eenef" t c?f locally providing the delay circuit is being able to match power
supply variations. Power supply voltage varies based on the location within
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




25 neasurenents nmade after processing integrated circuit 10 to a [
where it can be electrically tested. Electrical tests are used t(gé/?b/ZOOS
determne the optimum delay for delay adjust circuitry 40 and del ay adj ust
circuitry 32. This is achieved by determ ning what is the m ni nrum del ay
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determmlng issue with respect to the speed of the device and the 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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the 20  The operation of the chip though can operate no faster than the slowest

operation of secondary amplifier, such as secondary amplifier 30 so that there
is no speed penalty by having a single set 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.




slowest bit will operate at its fastest capability. 15 Thus, the SBV%Xf/Qb%S
provided for optimzation of the sense anplifier and the secondary
anplifier so that there is enough signal generated for reliable detection,
but not a longer delay tine than is neceSSﬁiy. This is achieved by having
the clock delay circuitry be in close proxithity to the <circuits that are

bei ng clocked by t seopelatyh is thatiang!oF Hréé@te?rhfrfé&&élﬁgéqgoz@oﬂ.rﬂiﬁ,aéﬁ@ ng
t hese del ays |® effegtlve because thé worst case is_t eternini Ag | ssue

with respect QxR BpL¥RABIE] Ut incaMarempination,ghe delays 100,05 (102 i s
sufficient fomndptO3rcairespdritbtostpingd) sifnalsel 23, a@8s 124 25%d 12berdspettivdlyts are

not operating el . t ed, but , t hat. | d not i . OV he
Gtility of thd¥ het %c‘é@%@%ﬁ@ﬁ‘a@%ﬁﬁk'sc%?@'? hight thes ctesnarilisd defa By t he
del ay 25 i§ t eaabled tleer eampie| § detay obteni canbis byhieved hyt appiging dirmary
circuitry hasgjdfe I ' We) I f ' . i
recei ved for glfg ng "%%%292?4(]@@?9‘%@?‘2@% f_se é}hod\gbﬁggglggé %cf%%lgﬁb\%mrét%ﬁnt%e
transni ssion 59ig Reategdhighamther Qrﬁ@(ﬂ(ﬂ_f Ppassing thraugh piadgtersyned defayt 160 e
typically rai aad predéymiededshpa0g Whiféﬂﬁéde@érﬁﬁh%dbl%{;ﬁ’f@“ﬁ%h@” to other
circuits in varkggs Ipcgt ns.&g no 30(§Le%ent,a roblemtor |ocating the
fuse circuitr§reosMog éJr?B?M 193 are, gypassed B asing &mew&qféww%wneach of
the type 10<nomhsia$eat;lealmi?/ersahmMAefeE€thé:deT:§;y§ m@a@lla'yéighre ab the optieresed b%
sense anp COf A it _is nqgt slower .than necessary,. but
is |ong enougﬂ{%%ly’ Eﬁ’gﬁﬁéoﬁgt gﬁ?'#‘lé‘e’a %’F"Fé%’?%%&é’e&a‘f’a‘? itdniRgra s&ﬁe@&%ﬁm y
anpl i fier 30 ¢igcuitryfitedhedelaytpathispchdhat it cesiltddn at ietativelynsmiahdired.n This s
case, second B LG | £ npl e,
the data be ﬁgﬁsfdéﬁf%%ﬁnﬁgﬁ%‘%%?* % BEnéhtintin 28d RByE Bt s ot nacilssEi?
suf ficiently @etyprsobprogiemmatie delaysdaoyvrosy the/arbomyilze substitttes foBo i s
enabl ed. 1Bel ajelagiadfist eireGittylgy 32 is located in close proximty to
secondary anplifie SO,ﬁ%nd t he bl@%ﬁ %ontrol_circuityy is in close
proxinmity to bl ocRUEFOPHRDS are@vallable Tenchpesing tharatiosofdbe slaysdhapl ock
17 to isecondath;e tﬂnnaniyidﬁeeltwapfoiw, él‘ggt:bppi'oby:h.t thede! i B8 sithﬁﬁoﬂs?whéﬁén bl OCE
contro 5 ci | adjust circuitry.32. this matching, the
si gnal -devel%%%%Ygéf%%%rg%gﬁ)pa@%ﬁsqrbﬁ@n?‘gﬁﬁ%% agéé‘?% BRA circuit ry
32 recei vi ngifuagion mhere dnel cheiceris @ithenasigrifieant 20nowntecf\detgy bhaeddy acon
global o delay, but in both cases there is a need for fine adjustment. In such a case,
predetermined delay 100 could be chosen to be a relatively iarge 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,




data lines 56. Also, both anp control signal 50 and sense anp con I
signal 43 are generated froma common signal, block select 49, &52&%%005
the 10 benefit of further matching the relationship of the data provided
onto global data |ines 56 and secondary aitrzrﬁp control signal provided on

line 12. Fuse circuitry 34 is simlarly optimzed as fuse circuitry 24 is.

Measur enent s : t; L i) ' fuse
circuitry 34 ﬁr%cf?&éé?@g%l tngfl%trd%tb\i‘%{lé 8@2‘?%@%% L.,g?gg :1rsdcg| ry!%gglgoé{t hat
the 15 del ay &f€ highestatecly the Gapagiianee @ssggateA with thege resaeéssary for

reliable opetmhsilorndddsscailiféd tifreics ROHTE RIRI hrfce BB HEEIHE BRYRES begin .
oper at1 on. Fusge circuit.r ative

y 34 is selected for worst case condition r
to the oper at PSYEIOPMELRIANG 3 colymn EPE? @’@?U%@S&Q@%mﬁﬁ%ﬁaeﬁﬁ% FRURIES 1 S
own sgcon(ﬁr y a seiqited ibﬁr!ineﬁn&ﬁetoclbcgmata%linéé Biledralmsﬂh tﬁkf&ﬁ"dﬁé igrihis each
secondary anp per at | - 1 | ough can opgrate no
Tastor than T Bucfenty SbvRibelG BickPRafl ind i BT, SRHEE AHRl oRRBlaignl
secondary anmpBfP1isengdedsa that transistor 214 brcospes dopductivey This hasithg a
singl e set of offdstSOrdriabihb '¥nkar qgng,ﬁef I £l e
circuitry 34 gffs Egt m zg_t Hégéﬁ"?ag%{aga e. itqﬁq@keélétpﬁfpgvggg’?rg %@gof
the enabling i Regina1pplitying-angs lajet thesdatadueyidedn lacel dats fgws Ghangower
savi ngs amhan%agmggnm%@ﬁtm% t@xmhprestﬁéﬂdeandérlé éiﬁ@'édw%ﬁﬂtegzdll-ed@%se al 0
provi di ng hi gh.speed of operati on. owWn i is a.delay circuitry for
use as del ay 'erﬁﬁ%o&rﬁeﬁﬁ"l‘r@quya IPQICtVYrF]?Wssqérer%"Lﬁ'F ’9@83@%??t?our di fferent
del ays and t heegpactively Imsmcdne%ﬁe; ttarsiston? €8 r@hhﬁﬁmdrﬂ?m@ul‘ct%{}ﬁlid I'n Ejhi S
case, assune - r. . 10 | S t. ref.erenc ay, and is
Chown (i o el SBECONRRTLAR Rl il it S A e b SN EN 108 el 2y
102 has a del@taggiarhglobatidatalime( 5§ ist being sédugedbdet év cunredt flewdgroligh,
pr edet er AsnedrAaliayr 298 t Ir Thé t f : :
pr edet er m nedr dell_aylr 10@ @gﬁ(ﬂjl@t}rjeﬁ% grs%ééelén(%?%?q%ﬁ“ﬂggee‘iw”h%onhp|U(renes (8)
that delay. HBHEERREE Y #rén_aastorf?om begaraes nentcorsluetivies iThis willsansur aifer 35
del ays are sejigisdletatannediopdehbudiheshaiome thidshoftoilddge 8f frandistr 296tibat
any anount of delay fromz rﬁ'bé@" 15 &an\‘l@ﬁe sel ected wh fh_taég; into
account all "P5OBgE %ﬁ‘&e‘%{?g'l reshield voltags @f tiangistor 276 & eldegied byoos 13
The oper at i obady dffeat dasyto dihe poartet efftransistod gl ay ThleQthel Qifferdifed inand
20 voltage between global data line 56 and local data 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.




103 can be bypassed or used in any conbi nation. The del ays 100, %g%, é§%§005
and 103 correspond to binary signals 122, 123, 124, and 125, resp {# 1/~
When a particular binary signal is a logic high, the corresponding delay is
5 enabl ed. For exanple, a delay of ten caq be achi eved by applying binary
signals 122 and 124 in a logic high state 2nd bi nary signals 123 and 125 in

| ogi tate. Thi f i . . ned del
T00 *Snd pr edet er mrSd oSG s5Eble HonBRAG! RanbuRkAAFghRaTuaed et &Y
predet erm nedoaﬂmnqw aperalpp £f sease Binpiien d6p s is e signaldhat igsi ng 10
[ hear Ly fr opyi Ay SoRSLATY delag dfldtthoulry a0 hd bhogtakiingd by deley P e
decodi ng ci rﬁﬁlf"f)fj?/" melﬁé’f‘a\élﬂa? dupe §U€WW%&% §igan§t,| Wg%hg}%bal}y
rel ativel y6 snpidvidescthe délayg infoymation totheadelayabjust diebaits ssctbes dbiayi adjustn

t hese ways buj;. 1 ' - . .Of _progr | g del .known
inthe are ool 3B RRRRY BBlays S pabiies EHaRIGK of LORPRT PiBGR stmaliRas
options are akesppabe do blackstadedtisignal 4. rlattuos poécisely ghrieagtedtdammonhe

bi nary one, t L i : | L i

nonl i near deI%@gkgggabggéﬂgggggggﬁ%%ﬂgsggﬁgge cfpgﬁﬁg%ﬁgégﬂggyﬁggﬁgpn

si tuation whe¥gnalfd alsgiganarates;sasendansampi sigralf0 sorthatthe deyeloginant of
nearly nao20 disthas glbbhl datallivcs SeRahaichetsvitibti deRdop@ent biSedstidary ment .
In such a case Fpnﬁggiﬁr .neﬂ delay 100 could be chosen to be a relatively
| arge nunber 4B Phi8A2esti mate of the delay for the case where the
| arge delay is desired. The other delays would remain in the sanme one,

two, and four relationship to cover the fine resolution for either the

| arge del ay or near-zero 25 delay case. In any event, there may be ot her
conbi nati ons of delay that would be nore useful and that could be sel ected
by binary inputs on 122, 123, 124, and 125. FIG 4 shows sense anplifier
46 receives a precharge signal which, in a logic |ow state, enables

transi stors 202 and 204 to precharge local data 30 lines 61 and 62 to the
vol tage present on VDD. Local data line 61 (LDLB, |ocal data line bar) is
shown as the conplenentary data line. Local data |line 62 (LDL) is the true
data line. Precharge signal 200 is active at a logic | ow because that is
the state in which it causes |local data lines 61 and 62 to be precharged
to a logic high. At the sane tine that precharge signal 200




35 precharges |local data |ines 61 and 62, equalization circuitry
equalizes global data lines 56 and 57 at VDD. Wth | ocal data Iiﬁéélé&/%ﬂgs
62 at a logic high, transistors 216 and 218 are disabled. Upon initiation
of a read, 06/12/2005 14 precharge signal 200 is disabled so that |ocal

data lines 61 and 62 are held at the |logi'C high state by the capacitance
associated with those lines and transistor nodes coupled thereto. As the
read process begins, bit lines begin deye|y ng data and a col urm decoder,
such as col umm decoder 47, couples 5 a selected bit line pair to |local data
lines 61 and 62. After the signal is sufficiently devel oped on |ocal data
line 61 and 62, segfe ?gﬁ enahl e signal, . 201 is enabled so that transistor
214 becomes conduct\BlESTated Giredit; GEMPESINGEt of enabl i ng sense anplifier 46

by enabling transistor 206, 2 10 and , 212 tq begip anplifying and |atch
the data provided on qg@&ciragl?ﬁhti%w@sa%qutg” WM%EFO%MFF@ gnal that

exanpl e that | ocal data,]|. 1 an 2 receives information represented by
a logic Itﬁv state and a’ddégﬁ%‘ég ifgrﬁpgg'ﬁy'e,an respectively. In such case,

conduct i ve. i | o 11 S eLERRy SO iAlE Al ZER s Sad O EEE T e A i o
i 56 i s bej d . . is 216
orouna. The vol Lage on IGRaT HRgLoq e to M oHeRP MRSt EanE; 70 Tnti 1 ©

transi stor 216 becones non-conductive. This will occur after global data

line drops er@ugh Fie iftegratde cirbiieshelkfm IO Wesinthetfirgt\GitctitUomnddifsdssa  nNo
| onger exceeded. The threshold voltage of transistor 216 is effected by

body effect dlardlity bhiiseswoupleaf togethesits tppovidd the TirstSigrid)to sHditsteans @irétn 20
vol tage between gl obal data line 56 and local data line 61 is the magnitude

of the r0r nmedelanrtbe Hivstclalay seigetesf bpbRwihgseldctéd rstsdfthe Pluralitynsf anount
added due to body effect. d obal data line 57 would remai n unchanged. Thus
a voltage difés@s.ential woul d be established between gl obal data |ine 56
and gl obal data 25 line 57, but that voltage would be limted to the

di fference betfween_ VDD and the threshold voltage of transistor 16 plus body
effect. The advantdieintedratedscirgujtel elaimdpwherein the firstgircuifds ainarer ent i al
is kept relatiyely small but sufficient for quick detection by secondary
ampl i i er 30."%&'%"@%%1— data line 56 and 57

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




being relatively long and thus large in capacitance, this small VQ -t gf/§805
differential helps in preparation for the next read that may occu 63’
taking less tinme to precharge. Because secondary anplifier 30 is a dynam c
anplifier, it <can sense this relatively sjml| differential and latch the
data provided from global data |ines 56. e primary advantage, however,

I's to save curg ent ARRGAYSEcIMESSingccesses are occurring, in this case,
perhaps at 3 35 nanosecon@gc apart @g this anount of charge that flows into

the | arge capacitancg ﬁRjraﬁinff%heﬁ'Wath@;S 56 and 57 becones significant.
06/ 12/ 2005 15 The sense anp enable signal 201 is the critical timng signal

for —optinizing the opgluraligrofdiisssosepladnbiéther totprovids & sefectiBh sigraal
that is precisely delayed by delay adjust circuitry 40 and programred by
del ay selection signal atéoptinyicietidhyfubesof the plurality o?fuses aredblodn; ad ch
globally 5 provides the delay information to the delay adjust circuits such
as del ay &&just ci r caiplurgliz®f programmabiel dslay cireuits, @oupkedetoathki mgmairy
common clock signal 45 in response to block select signal 49. In turn,
preci sel y generated conm@iays@ndgoupleshfar reseivingctheaiejedfionsignals whenasin anp
enabl e signal 201. Common . signal 45 al so generates secondary anp signal 50
so that the devel oprent €8¢h %%&P@%ﬁ”@ﬂﬁmmdw eirquitseef the plurafi ofidalawi t h
on line 12. 06/1 05 16

t he devel opnment of secondar.y . ar’rg si gnal .FlO %/éﬁ
CLAIMB 5 1 An integrat e&'r‘&li"isc'ﬁi%s, OE'@EﬁffWét ymemery artay:ehibgirluialitt ohas an

t put which id f i I t. . indicat first delay; and a
olural ity of brogrammolendyaaiiend (Bated i YSaRioAmiiGew's gy am
i nput coul?l ed to the oubﬁgﬁ%@%é&sﬁqé gglﬁ%{r@ﬁgm@ The integrated circuit

of claim wherein the circ plurality of fuses
coupl ed together to provide the first signal to indicate the first 10

delay, the figst OPhawmdRbRASFdalysPVALIIN 2RhRAE prigiEmrbblc ol ur al It
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.




fuses. 3. The integrated circuit of claim1, wherein the first ci ey
non- -volatile nenory. 4. The integrated circuit of claim1, furtgéthZ}f065
conprising: 15 a second circuit that has an output which provides a second
signal that indicates a second del ay; anﬂSa second plurality of
programmabl e delay circuits, each of whic have a program i nput coupled to

the output of gt he Jpeandmory bfblaim 2Z%uRrlcdmPising’ 5. A nmenory conpri sing:
a plurality of nmenory arrays; a plurality of fuseS coupled together to

provide a sel ection saghablityaf eheuits)golisletio eie blusgity of midiBoR/ blbekd;ty of
fuses are blown; and 5 a plurality of programmble delay circuits, coupled
to the menory arrays asecaralipireuit that hasaai oltpgt whichgebeides ensedopaiadignal
wherein each of the programmable delay circuits of the plurality of delay
circuits is associated thathindicateswr secondegelay; ame plurality of menory
arrays and_ located in close proximty thereto and 10 programed by the

sel ection %ignal . 6. arseeanshplpielity ot prdgrammatie delay Geastitseachieoupled to
programuabl e delay cirguits proyvides a clock_ output si?naL to the nenory
array of the plurality B oupkbeithe sacpad;gircuitiang forthePlyrality ofaropitsxi mity.
7. A nmenory, conprising: 15 a plurality of nenory blocks; a first circuit
that has an out put which provides a first signal that indicates a first
delay; and a first plurality of progranmable delay circuits, coupled to the
plurality of menory bl ocks and coupl ed for receiving the first 20 signal,
wherein each of the progranmabl e del ays outputs of the first plurality of
programmabl e del ays circuits is associated with




a nenory block of the plurality of nmenory bl ocks and is coupl ed e
output of the first circuit. 8 The nenory of claim7, wherein th(?ﬁ(;l%!tZOOS
signal conprises a plurality of 25 binary bits. 06/12/2005 18 9. The
menory of claim?7, further conprising: a ﬁéé‘lrality of circuits coupled to
the plurality of nenory bl ocks; a second cuit that has an output which

provides a second signal tHahrdmfiabid %Ia}éﬁﬁ@&%%@h&o&”d 5 a second

plurality of programmable delay circuits each coupled to “the output of the
second circuit and to the plurality of circuits. 06/12/2005 18A

Programmabl e Del ay Control in a Menory Absfrgéict 5 A nenory (13, 14) has
sense anplifiers (46) that provide data onto a global data |ines (56, 74)
that are received by secondary anplifiers (30,76). The sense anplifiers
(46) and tthe secon8amemamy(13,14) bag 36nss6 pmplifieesn@it)) thiat grpvideaddta antea ar e

timed by prog E’gp@ G A1 Gaul] ( 4 ) : el ays
are programmed by d%a']%al&%?gpggﬁ)gﬁéliés cr%g?'g 8‘('l %%O%ef§§?a%ét Qﬁ%\bﬁa@ a
conti nuous oul PRense empliiesy4dhans thedsicandaryamplifiers(30,76) ageenablest e ar e
two del ay selgeioRRs Bt tndd i folsy f Thie
pr ogr ammabl e l?gl ggf Sci r?ui té %4029&@&?% ?Ig ctﬁarléy gtﬁgg %ﬁ’??&lﬁgé%) ,
and one is sHYPSEEBNabIe dgiays ate pregrammeas by dalay selectien icirsuits ol 41 03hat
eniabl e tHe _setbappmwdeaawbhgh@ws 60Ut & thelpogeainptdtie @blamﬁcmiﬁ\?hm ﬁel ay 15
sel ection cirgyl - r osen, t rovide e [ pUE wni
prograns t he(% g#@?%%% 3&83&?’ Ciefw?)éﬁ?ltegﬁ?'gffr ﬁwg%bidh'éagbpéf‘ﬁﬁ ?ﬁ@r%e
wor st case ofby alhef thequegrammabte delay cirenits y40)Rh6t enable the semseramplificts act .

(46), and one is shared by all of the programmable delay circuits (32,80) that

enable the secondary amplifiers (30,76). The outputs of these two delay

15 selection circuits (100-103) are chosen to provide the output which programs
the programmable delay circuits (32,40,80) for optimizing the worst case of
the access time of the memory.

FIG. 1 to accompany abstract.




