1 Programmable Delay Control in a Memory Field of the Invention 5 The invention relates to controlling
the delays in a memory, and more particularly to using programmable delays to control delays.
Background of the Invention 10 One of the difficulties in designing a memory circuit is optimizing the
timing of the clock signals that enable various functions in the memory circuit. Inherent in any clock
signal is the propagation delay from the circuit that trapsmits the clock signal to the circuit that
receives it. When a clock signal is 15 generated, it is generally for enabling some function, and more
specifically, for enabling some otf8PEIRMIABIEREE Y FOBIRkHEG MBI 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 featEr%F S Cﬁ] s fuses, which are programmed in order to
implement such programmed delay. Such fusé qé%rﬁ & 4D408R the integrated circuit. Also, the clock
signal that & generated can be optimized for one circuit that it is enabling, but because of the
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however, do take up space so each programmable delay element not only requires additional space
for itself, but more than one delay must IBaitkgjusiatd dhtse theenitomore circuitry 30 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 memary design the advantages of dynamic amplifiers are well known.
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15 generated, it is generally for enabling some function, and more specifically, 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 at a
25 less 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 programmable delay element not only requires additional space for itself,
but more than one delay must be included. Thus, there is more circuitry
30 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 amplifier is
primarily power savings. The advantage of a static amplifier is that it will

35 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
has to reverse itself or that the initial data has noise on it, there is no risk that



2 the output will provide wrong data because it will not latch in a wrong direction. It will reverse itself if
it begins in the wrong direction and will ultimately provide the correct data. In a dynamic amplifier, the
data is latched as soon as the amplifier is enabled. If wrong or inadequate data is there at 5 that time,
it could latch in the wrong direction. So to take advantage of the low power aspect of a dynamic
amplifier, it is very important that the timing of its being enabled be optimized. There is a speed
penalty if it is enabled later than necessary. There is a reliability problem if it is enabled too soon. With
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15 spread throughout the entire chip. The distance from the initiation of those
clocks to the circuit that receives those can vary greatly in distance and thus
there can be inconsistent delays from when one circuit receives the clock from
another. This problem applies to dynamic amplifiers because they require a
clock in order to be enabled. Also, dynamic amplifiers are going to be subject
20  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 variations
create a difficulty for implementing dynamic amplifiers in a memory. Thus
25 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 logic diagram of a portion the selected portion shown in
FIG.2; and
35 FIG. 4 is a circuit diagram of a sense amplifier according to an
embodiment of the invention.



3 Description of the Figures FIG. 1 illustrates one embodiment of integrated circuit 10. At least a
portion of integrated circuit 10 includes memory circuitry. Arrays 13 and 14 5 are a part of this memory
circuitry. Each array is partitioned into a plurality of blocks. For example, array 13 includes blocks 17
and 18. Each memory block includes block control circuitry. For example, memory block 17 includes
block control circuitry 21 and memory block 18 includeg block control circuitry 22. In one embodiment
of the present invention the block control circuitry 21 10 and 22 are identical. In alternate embodiments
of the present invention the block control BRSSEMUARHR BechigERTory block may be identical or may
be slightly different. Fuse circuitry 24 has an output that provides a signal 62, which in this

embodiment comprisegfsinaiy JaifBith dRBPHFRBHOb Gt AR d3!ocasttp! circuitry
21 and 22 are coupled to global 15 data Ilmi;l% Eﬂ; growde an output to econda:h(y a C&/Ilfler 30
% g2 2l o Lh8"Movide an

global data line® BHOBRLIERHRIRLIFLGHY IO B o MY

output to délay atustsrt et B2y CRcHIlG. 1Hadhearshoisparbtosied Onataiplarediyief, a block
control circuit 73| g baliaiRdingld 2af S e8NHaIRBBIGEKS § thaidsignaat mihsggondary
amplifier 30, ou%]%k%oc i&(czjtéiér%lmka%%ge,a rgg' rst %rcrug%SO.l BI(r)nckrzgrinaugEi? Il%lo Kk 88ntrol
circuit 72, which’is analégous to %?oc?( controt Gircunts 22 af 55) BIoCk coXtroPcwcuitry lé%as a pair
of outputs couplRl@el enpbal gignithe Zkagd patpariiepkoliiBsssesIask APt iisdiohal 82,
and an input cogplednonbe Ppdine it Ciecpiegelt. ibeaotsiari@mptiesorfirbhsirpaly ofisignal 25

inputs coupled ;%rgg%gﬁaﬁaéw (42907818 mwoa‘aﬂsﬂeﬂégﬂgr@gaéeeggyma@jvwo%% 78hasa
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provide the data to secopndar plifier 30. Block control ¢jtcuitr and 22 gre each capable of
ncependently UG HLE o SR, 6 IR ob B G RRARE LI ARD s and to
equalizatid® circlatsy [TeR R anthnvideanrp @i 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
secondary amplifier 76 that is analogous to secondary amplifier 30, output
20 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
output that provides secondary amp control signal 82, and an input coupled to
the output of fuse circuitry 24. Secondary amplifier 76 has a pair of signal
25 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 outputs 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
fuse circuitry 34, and an output coupled to the enable input of secondary
30 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
independently providing the secondary amp control signal 50 to delay adjust
35 circuitry 32 and to equalization circuitry 26. Equalization circuitry 26 is
coupled to global data lines 56. Fuse circuitry 34 provides one or more
signals 54 to delay adjust circuitry 32. Delay adjust circuitry 32 provides an



coupled to global data lines 56. Fuse circuitry 34 provides one or more signals 54 to delay adjust
circuitry 32. Delay adjust circuitry 32 provides an 4 adjusted amp control signal 52 to secondary
amplifier 30. Secondary amplifier 30 provides data lines 58 to output circuitry 36. Output circuitry 36
provides data lines 60 external to integrated circuits 10. A Latch 11 is coupled to the line that couples
the block control circuits, such as block control circuitry5 21 and 22, and latches secondary amp
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buffer 112. The gl ssedsdetnngy daipycertrst signal generation circuitry 44 provides
secondary amp control signal 50. Sense amplifier 46 is coupled to local lines
61 and 62 that are coupled to column decoder 47. Column decoder 47 is
coupled to memory cells 48 by way of bit lines 53. Sense amplifier 46
20 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.
NAND gate 104 receives block select signal 49 and read signal 51 as inputs.
25  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
101 and to the input of tri-stateable buffer 111. The output of predetermined
30 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-
stateable buffer 116 is coupled to predetermined delay circuit 103 and to the
35 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-stateable
buffer 117 is coupled to the output of tri-stateable buffer 113 and provides



102 is coupled to the input of tri-stateable buffer 116. The output of tri- stateable buffer 116 is coupled
to predetermined delay circuit 103 and to the 35 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-stateable buffer 117 is coupled to the output of tri-stateable buffer 113 and provides 5 signal 45.
The output of tri-stateable buffer 110 is coupled to the gput of tri- stateable buffer 111. The output of
tri-stateable buffer 111 is coupled to the input of tri-stateable buffer 112. The output of tri-stateable
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transistor 206, aBupled to the input of inverter 121, to the inverting control input of tri-
stateable buffer 113, and to the non-inverting control input of tri-stateable
buffer 117. The output of inverter 118 is coupled to the non-inverting control
input of tri-stateable buffer 110 and to the inverting control input of tri-
20 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
control input of tri-stateable buffer 116. The output of inverter 121 is coupled
25 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
transistor 202, and P channel transistor 204, a P channel transistor 206, a P
30 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
signals 43 shown in FIG. 2. Transistors 202 and 204 each have a source
35 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.
Transistor 204 has a drain coupled to local data line 62. Transistor 206 has a



30 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 signals 43 shown in FIG. 2. Transistors 202 and 204 each have a source 35 coupled to a
positive power supply terminal VDD for receiving a posgtive power supply. Transistor 202 has a drain
coupled to local data line 61. Transistor 204 has a drain coupled to local data line 62. Transistor 206
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Description of the Invention

In operation, there are eight arrays analogous to arrays 13 and 14 and
20 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
and 18 shown in FIG. 1. For a given access only one block will provide data
25 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.
Prior to a read, equalization circuitry 26 equalizes global data lines 56.
30 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
lines 56, or in the alternative, from the global data lines that are not shown to
35 secondary amplifier 30. In the optional case, multiplexer 28 would not exist,
global data lines 56 would be directly connected to secondary amplifier 30,



Prior to a read, equalization circuitry 26 equalizes global data lines 56. 30 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 lines 56, or in the
alternative, from the global data lines that are not shown to 35 secondary amplifier 30. In the optional
case, multiplexer 28 would not exist, global data lines 56 would be directly connected to secondary
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32.The required. The technology for implementing redundancy, however, is very
reliable so the risk of using this technology is minimal even though it is put into
effect on every 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 block 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 circuitry 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 onto 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



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 59, is physically matched to global data lines 56.
This is intentional and provides the benefit of providing excellent matching of the behavior, including
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this particular eohhloekheditt/inersarangttien 46upleeitosstes e fommktiendéooy twubinlidesodarlocal

data line 61 andjpcatifata Wgbiar& BlePadRcRI S HAMSIGETS ERmG'9bt BRRINPaISH that one of
the eight bit lines pairs is 2 .cougle t sens%%rgpllfler 46 via local daja Imif?gé and 62.
I

amplitr 46 is AR B USTA i e BN RIS 15 (AL PR HEFOHP LR SAE R nrol signa
generatiori gircuiienge apwiifieidiasheginseynpifyiogiand tatcbmentre dfoknarjiedl Gemndas which is a
combination of Rigielkgiest Ae pair in response to sense amp control signals 43. In this
particular embodiment, sense amplifier 46 receives the information from the
bit lines via local data line 61 and local data line 62. Column decoder 47
selects from eight bit line pairs so that one of the eight bit lines pairs is
20 coupled to sense amplifier 46 via local data line 61 and 62. Sense amplifier
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 signal 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 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 to
35 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 also coupled to fuse circuitry 24 and



read signals. Block select signal 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 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 prgvides its output, the common clock signal, in
response to the block select signal delay which is determined by fuse circuitry 24. Delay adjust
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output so that analogous block control circuitry from the other selected block
can then enable secondary amplifier 30 via delay adjust circuitry 32.
Secondary amp control signal generation circuitry 44 has an output stage that
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 are

30 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 circuitry 40
and 32. In those cases where the delay is excessive, those too-slow bits are
considered defective and would be subject to being replaced by the

35 redundancy that is available commonly on memories. After the delay adjust
circuitry has been optimized by selecting fuse circuitry 24 and 34, redundancy



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
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very I|tt|§ erve capability. Thus .h the sense amplifiers Insﬁfef t&e é)locks, suﬁ&h %ﬁjense ampllflerl46
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location tol%acthawusckemhiifdetie \stanedilivefduts indth the sense aroplifiertimsideibe
blocks, such as sense amplifier 46 being within block 21, any centralized
delay adjust circuit would have to traverse the distance from its location to
each block. Thus, the distance traversed from the delay circuit to the blocks
would vary depending upon which block was selected. Another example of

20 the benefit of 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



would vary depending upon which block was selected. Another example of 20 the benefit of 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
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of operation is avapable for ar%?gjven bit and the fuse circuitry ensures that even the slowest bit is
taken into accotiit &5 ekt {ARLREWEst bit will operate at its fastest capability. 15 Thus, the delays are
provided fdb optimizatidings thieesdeley aumglifepvided for optimization of the sense amplifier

and the secondary amplifier so that there is enough signal generated for
reliable detection, but not a longer delay time than is necessary. This is
achieved by having the clock delay circuitry be in close proximity to the
circuits that are being clocked by those delays. A single fuse circuitry for
20 programming these delays is effective because the worst case is the
determining 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 present
30 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 amplifier 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



and the secondary amplifier so that there is enough signal generated for reliable detection, but not a
longer delay time than is necessary. This is achieved by having the clock delay circuitry be in close
proximity to the circuits that are being clocked by those delays. A single fuse circuitry for 20
programming these delays is effective because the worst case is the determining issue with respect to
the speed of the device and the single fuse circuitry ig gufficient for optimizing the speed of the
slowest case. The fast bits are not operating at their fastest speed but that would not improve the
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ggd Sgcondary M@@@@téﬁ]%ﬁ%%ﬁ%%%ﬁ@ﬁ gétf»hQ{Et%lé;%rﬁ%&é@‘@é&ﬁtiéﬁgb@ﬂig/ﬁ'iﬁﬁbﬁ%@'hsli%“ﬁ"
the 10 benefit o KHHEY rHLFIANGha eI UNERAIOR 051 R G G500 BaCHRes 56 and
secondarylamp delaysifsiadlip@sirendannanifRisiOdsastlgrends sesesspypioniesakle fuse
circuitry 24 is. operation but is short as is possible for maximum speed operation. Fuse
circuitry 34 is selected for worst case condition relative to the operation of
secondary amplifier 30, but each octant may have its own secondary
amplifier. Fuse circuitry 34 selects the delay for each secondary amplifier.
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 slowest case. With the
improved timing of the enabling of sense amplifier 46 and secondary amplifier
25 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 40.
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 isthe 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.



Measurements are taken so that the worst case condition is known and fuse circuitry 34 provides that
information to delay adjust circuitry 32 so that the 15 delay of enabling secondary amplifier 30 is as
long as necessary for reliable operation but is short as is possible for maximum speed operation.
Fuse circuitry 34 is selected for worst case condition relative to the operation of secondary amplifier
30, but each octant may have its own secondary ampjier. Fuse circuitry 34 selects the delay for each
secondary amplifier. 20 The operation of the chip thO%%Q can operate no faster than the slowest
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options available from the four binary bits. 1 eration Is any of predetermine lays 100,

101, 102, and TE3EAHDd by JAies PpaSUNAAGHPEGRHSAALIBIC RGNS 2680181 CHEMANd 103
correspond to bintoryreghalmy I 22h 1928 H g tance $2ks iespesiivivigly ¥hath @ar@artiChiatyeaoy signal is a
logic high, the cgrrgzRANARIICaR%YSS ek F@E@@W@sﬁaﬂﬂ%&%ﬁ 158Le’8:hg aeftigyed by
applying binary  signals 122 and 124 in a logic high state and binary signals 123 125 in a logic
ctate. This has BVEEHELP L ST A EUBRGR T G A)ShB° RN GAERLIPR A Rty 102
while predtiernminaiidstieleguitn4¢hd predetermined delay 103 are bypassed. By being powers of two
and using tri- Other options are available for choosing the ratios of the delays than
the binary one, two, four, eight approach. There may be situations where
nonlinear delays are used based on the bit selection. There may be a
situation where the choice is either a significant amount of delay or nearly no
20 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 large number that
would 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 true 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,



10 stateable drivers between the delays, the delays give all the options, linearly, from 0 to 15. This is
also compact because it integrates the decoding circuitry into the delay path such that it results in a
relatively small area. This type of programmable delay is beneficial in these ways but is not
necessary. Other types of programmable delays known in the art may be substituted for delay 15
adjust circuitry 40. Other options are available for chogging the ratios of the delays than the binary
one, two, four, eight approach. There may be situations where nonlinear delays are used based on
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becomes non-conductive. This will occur after global data line drops enough

so that the threshold voltage of transistor 216 is no longer exceeded. The

threshold voltage of transistor 216 is effected by body effect due to the source

of transistor 216. Thus, the difference in voltage between global data line 56

20 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
line 57, but that voltage would be limited to the difference between VDD and

25 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
differential helps in preparation for the next read that may occur by taking less

30 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
nanoseconds apart so this amount of charge that flows into the large

35 capacitance of global data lines 56 and 57 becomes significant.

The sense amp enable signal 201 is the critical timing signal for
optimizing the operation of sense amplifier 46. This is the signal that is



201 is enabled so that transistor 214 becomes conductive. This has the effect of enabling sense
amplifier 46 by enabling transistor 206, 208, 210 and 212 to begin amplifying and latch the data
provided on local data lines 61 and 62. 10 Assuming in this example that local data line 61 and 62
receives information represented by a logic low state and a logic high state, respectively. In such
case, transistor 218 remains non-conductive and trangigtor 216 becomes conductive. While transistor
216 is conductive, the volta?; on global data line 56 is being reduced due to current flow through

transistor 216 tPEREIHRY HREY SGRrPgigsLFUSHEINN 8 BENGIPERSFHUB BFUBYiIAGI Nt transistor
216 becomes remlemicdusivel AFipreNided byaitsegiobaltdata linsiginapd Znehigih glolbiadiythe
threshold voltags, fiigBsistoldaf inBA1aRgRr Fresady HRFuLERIAN YollAgR IdRPSiges216 is
effected by body effect due to the soyrce of transistor 216. Thus, the difference in volfage between
global data ime SECSE AV CEAIM RIS PR TR R SORRES Pl OB SR RSO Gt of a P
channel trabsistsplosstéabhothsatidésignaltdbotlyteffedorSlsiedy gereliates Tamadnemain
unchanged. Thuscrivelges slifisanyalyundRecasiablichathpeivans sighal teta lnsmfand global
data line 57, bustithnatl\éfgtg%e WoHléj bt% éimitggnt atrheacrj]i11‘ferenr%e1 gst\évgwa HQ‘D Q\(/jefS the rt]@r hold
voltage of transidor 16 plus 80qu eF_Féct. ‘?ﬁe_ a vaXtagé) o‘? IS Type of amp fieris thal the diffrerential
is kept relativelydgtdefmatofatidria: foesoefcis deatefied witkdoesiavsapmmanepBeesorEdyvbal data
line 56 and 57 beMposighadivelydanigend thus large in capacitance, this small voltage differential helps
in preparation for the next read that may occur by taking less 30 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 nanoseconds apart so this amount of
charge that flows into the large 35 capacitance of global data lines 56 and 57 becomes significant.
The sense amp enable signal 201 is the critical timing signal for optimizing the operation of sense
amplifier 46. This is the signal that is 15 precisely delayed by delay adjust circuitry 40 and

programmed by delay selection signal 47 provided by fuse circuitry 24. Signal 47, which globally
provides the delay information to the delay adjust circuits such as delay adjust



circuitry 40, locally delays the precise enabling of common clock signal 45 in 5 response to block
select signal 49. In turn, precisely generated common clock signal 45 precisely generates sense amp
enable signal 201. Common signal 45 also generates secondary amp signal 50 so that the
development of data on global data lines 56 is matched with the development of secondary amp
signal 50 on line 12. 10 16 CLAIMS 1. A memory compgising: 5 a plurality of arrays including a first
array and a second array, the first array including a plurality of blocks; a first global data line
associated with the first array; a first delay selection circuitry for providing a delay selection value;
wherein each of the plurality of blocks comprises: 10LapW®ality of memory cells; a primary sense
amplifier having a first input coupled to the plurality of memory cells, a second input that receives a
primary sense amp enable signal, and an output coupled to the first global data line; 15 a first delay
adjust circuit that receifeD BRAGEIG)BIEIRGn value and a control signal, and generates a delayed

control sigrfal by delayirgjurdinoatrairsighindydinganbiritadeayrandedacans aehyy, dedetitkin value;
and a first control signal ggRekptiiueicyibvpFaI9s Hisdke delayed 20 control signal and which
provides the primary s%r}sretam(%lgler ble signal t H]x?viﬁwe(fﬁg .#g{out of the primary sense amplifier.

n
2. A memory as in claim i, WSS ﬁgaf?'rrs]?aaéga?/%%%ctlon circuit pr%(/ﬁ%%’s the delay selection value

to each first delay adjutftFtdrRigYseIRCIEN Sl EMtfer MiRditinafabrRIRY. SeIACHRIMEW S in claim 1,
wherein the first delay welecsiareaisbLt yh@isividgisytoe isleteks stiagtivsesalue to each of the plurality of
blocks Witt}_B’] each of the @IH@y&f&rﬁqgﬁ]g}y&ﬁgemory. 30 4. A memory as in claim 1, wherein the

delay selection value is selecte . ) o ,
a primary sense amplifier having a first input coupled to the plurality

of memory cells, a second input that receives a primary sense
amp enable signal, and an output coupled to the first global data
line;

15 a first delay adjust circuit that receives the delay selection value and
a control signal, and generates a delayed control signal by
delaying the control signal by an amount determined by the
delay selection value; and

a first control signal generation circuit which receives the delayed

20 control signal and which provides the primary sense amplifier

enable signal to the second input of the primary sense amplifier.

2. A memory as in claim 1, wherein the first delay selection circuit
provides the delay selection value to each first delay adjust circuitry within
25 each of the plurality of blocks.

3. A memory as in claim 1, wherein the first delay selection circuitry
provides the delay selection value to each of the plurality of blocks within each
of the plurality of arrays in the memory.

30
4, A memory as in claim 1, wherein the delay selection value is selected
during an electrical probe of the memaory.

5. A memory as in claim 1, wherein the delay selection value is user
35 programmable during normal operation of the memory.



during an electrical probe of the memory. 5. A memory as in claim 1, wherein the delay selection value
is user 35 programmable during normal operation of the memory. 17 6. A memory as in claim 1,
wherein the delay selection value is linearly related to the amount of delay between the control signal
and the delayed control signal. 5 7. A memory as in claim 1, wherein the delay selection value is a
function of a propagation delay from the plurality of mgmory cells to the primary sense amplifier. 8. A
memory as in claim 1, wherein the control signal includes a block 10 select signal. 9. A memory as in

claim 8, whereirfthe cohisiBgRaRHEIdRE R reaheLin dneidelay AiesHRIhY abIRIRidRRAD plurality of
arrays comprisaelatddorkthefanenatyot eldsan iphivediiy eh saserahyidjfial atut gtedieittyiedhe blocks of
memory cells f@oﬂﬁ’&%ﬁ@ﬂéﬁ‘.e logic states of the memory cells and having outputs for providing
signals representative of the logic states of the 20 memory cells in response to being enabled; global
data lines coupled to the outputs of the sense amplifiers; a first delay selection circuit having an output
for providing a délay sBlaitioeyahseinatldiprdgrahereiblthddlieleyiseiestianorakicalsi@ fhimcioe
amplifiers, eachoPg HRIpAGHGOT HAMPIrarA O MNIARY SoMRIeS 9 et RME YRR e ety
selection circuita%nl.lﬁ%? memory of claim 10, wherein the first delay selection circuit comprises a
plurality of fuses ccPup'Ied together to provide the delay selection 30 value, the delay selected by
blowing selected fuses of the plurality of fuses. 12. The integrated circuit of claim 10 wherein the first
delay selection gircuit is ragparyadatile cemarywh®retn Meneormry| cogreiisigudeplarslidglof arrays
comprisedlef blg%lféc?fsgaﬁg]pry cells; a sense amplifier within a first block of the blocks of memory

Il

9. A memory as in claim 8, wherein the control signal includes a read
signal.

15 10. A memory comprising:

a plurality of arrays comprised of blocks of memory cells;

a plurality of sense amplifiers located within the blocks of memory cells
for detecting the logic states of the memory cells and having
outputs for providing signals representative of the logic states of the

20 memory cells in response to being enabled;

global data lines coupled to the outputs of the sense amplifiers;

a first delay selection circuit having an output for providing a delay
selection value; and

programmable delay circuits which enable the sense amplifiers, each

25 delay circuit having a program input coupled to the output of the first
delay selection circuit.

11. The memory of claim 10, wherein the first delay selection circuit
comprises a plurality of fuses coupled together to provide the delay selection
30 value, the delay selected by blowing selected fuses of the plurality of fuses.

12.  The integrated circuit of claim 10 wherein the first delay selection circuit
is a non-volatile memory.



5 which detects a logic state of a selected memory cell in the first block and outputs a data signal on a
data line in response to being enabled; a secondary amplifier, coupled to the data line, which
responds to the data signal in response to being enabled; 10 a first programmable delay circuit which
enables the sense amplifier; a second programmable delay circuit which enables the secondary
amplifier. 14. A memory comprising: 15 a plurality of aygys comprised of blocks of memory cells; a
sense amplifier located within a first block of the blocks of memory cells, coupled to a data line, and
having an enable input; a secondary amplifier coupled to the data line; a first delay selection circuit
having an output3and 20neefinstrprogregprisiagie delay circuit having a program input coupled to the

output of the first delayaﬁg@gjw_grg%@g&ﬂ&g%%q}m@g & W@“gput of the sense
amplifier. 15. The memory of claim éﬁl, wherein the s%]:é)ag%{gt}g%rgﬁhﬁ ris further 25 clraracterlzed as

having an enable inpuf & BRIV 8y sh CE?c?lfitrﬂ%mﬂE]y &ftutput; and a
second programmable delhichalsteeisiag ot sipteroinp setetipkinesdiy catpun ibietfisstecond delay

circuit and an output couplggdRr ¢ GIPRIR iARIK:L1HIBAAesRAgEYAMBlifefe 586 fo Hegmory

comprising: a plurality of arra ilat_:luding a first array and a second array; a first global data line
associated with the first array; 5 a’second global data line associated with the second array; a first

sense amplifier having@S{SesElayABliRsdaeuRieris Hieaganingn whighit esppnsls i@ the first global
data line; a second sense @up bfigh dldmingsp Gess eompingeupiprk iy the second array and an output

coupledta fhe second gl BRI dkpl PRrenAamHRmBHBIEE R RS0 SFBRtg coupted to
the first global data line, an enable input, and an output; ,
a second programmable delay circuit which enables the secondary

amplifier.

14. A memory comprising:
15 a plurality of arrays comprised of blocks of memory cells;
a sense amplifier located within a first block of the blocks of memory
cells, coupled to a data line, and having an enable input;
a secondary amplifier coupled to the data line;
a first delay selection circuit having an output; and
20 a first programmable delay circuit having a program input coupled to
the output of the first delay selection circuit and an output coupled
to the enable input of the sense amplifier.

15. The memory of claim 14, wherein the secondary amplifier is further
25 characterized as having an enable input, further comprising:
a second delay selection circuit having an output; and
a second programmable delay circuit having a program input coupled
to the output of the second delay circuit and an output coupled to
the enable input of the secondary amplifier.
30



a second secondary amplifier having a sense input coupled to the second global data line, an enable
input, and an output; a delay selection circuit which has an output; 15 a first programmable delay
circuit which has a program input coupled to the output of the delay selection circuit and an output
coupled to the enable input of the first secondary amplifier; and a second programmable delay circuit
which has a program input coupled to the output of thgodelay selection circuit and an output 20
coupled to the enable input of the second secondary amplifier. 17. The memory of claim 16, wherein
the delay selection circuit is a plurality of fuses. 25 18. The memory of claim 16, wherein the delay
selection circuit1$a noA-wetatly mammigingrogrammable Delay Control in a Memory Abstract

A memory (13,14) has sense anpfifiers ¢ Hdrimioyide daiapanra dobahdaiadipes (56,74) that are
received by secondary amplifiers 9(1133,7 %;gl’he sense amplitiers ci,46 and the secondary amplifiers
(30,76) are enabled b{ Hb%l&ﬁ%ﬂ g oﬁ?ﬁ‘b‘f@é‘?gﬁ%tﬁb‘* g&zﬂf?éﬁits (32,40,80). The
programmdble delays areqo@iiginhabidaalbieyassectvacirtintthc1 66c008)aayprovide a continuous
One s shared. by 2l oF 1 iAo e e o e hifors. (46),
and one is shared by all of* {ﬁdeag}oogur[ﬁrlﬁn%ggl% %%b?yf@ﬁjlljl %%&é‘?@bﬁ%ﬁ%‘?{aue the secondary ’

amplifiers (30,76). ThefosRsaRA$eRESAMPBlIfiBIdesdnscasieBReURBYLooudey todhdheseand provide
the output which programsirthg anebsanomadiecdelpiegitoltie Sb4ABglolosl aitaniniay the worst case of
the acces%ime of the m%gcgh%a}lytgrﬂﬁﬁﬂg}%{xr?gbﬁt@ﬂse input coupled to the first
global data line, an enable input, and an output;
a second secondary amplifier having a sense input coupled to the
second global data line, an enable input, and an output;
a delay selection circuit which has an output;
15 a first programmable delay circuit which has a program input coupled
to the output of the delay selection circuit and an output coupled to
the enable input of the first secondary amplifier; and
a second programmable delay circuit which has a program input
coupled to the output of the delay selection circuit and an output
20 coupled to the enable input of the second secondary amplifier.

17.  The memory of claim 16, wherein the delay selection circuit is a
plurality of fuses.

25 18. The memory of claim 16, wherein the delay selection circuit is a non-
volatile memory.



