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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25 less than optim oint.in time. Some level pf opti ion is ided, but using fuses to program
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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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advantage of a sitatigeoh hié erl askhsig italsl it 35t amabfy wirddergcusiciia $sithtbes nveineoigveir cuis. there,
and does not lajgpdagnt in any clock signal is the propagation delay from the circuit that
transmits 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 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



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 cauld 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
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dynamic amplifiers because they require a clock in order'to be'enabled. AlSo; dynamic dmplifiers are
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effect how suchpaoyifignsiage o clribuely g0 haafysedielts aphineicdemplifie denefateal by other
aspects ofﬂ;]e i%tt%@i@ quf@q!t 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 neell'BrB&)SRHNRIERENRIG TR fERATAYR BRE GHAR MBHRNR receiving the
clocks is receivingetherglémkiatgte erd i tierec\Bingd escdptisnop tion BralvingperdG. 1 is a block
diagram of & Me{ReEk GREMNHNGREE, 27 RENR HENEAE HindRaAY RARNu IS 1 AR d flrRkitkagram of a
selected portion of the. memory of FIG.1; . .
Inputs into the ‘memory cell locations. There are also clock signals that may
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.



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, agay 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 includesRFSEkIREE6f éh%ﬂ%”rﬁﬁ 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 copgg| i'rﬁHEfbéY@MQ%?HHBSMHt Wpﬁhégﬁé(t@& &%ﬂﬁ'tofbow%gﬁas”gh“y
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to the output of use cwcwtrgl econ a pair of'signal 25 Inputs coupled to

global data lineQIPEKLPEHIbRHHLY, ‘A’HB'Q sa&%m& %W%u%i??@t%%&ﬂy&%pus
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receiving the S%QEH%Vtﬁ@%ﬁ%&‘ﬂ‘rﬂﬁ{‘é‘bﬁ?pr%@é%ﬁﬁh@%tﬁ%%efbtﬁlm%ﬁﬂ%l‘)f fuse circuitry
34, and an outpgltrg&ltj@ (1to tg 925 n%q!)ecknggﬁﬁfoﬁgl?gnltr?/%l and 22 are coupled to global
15 data lines 56 and provide 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
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



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 dglay adjust circuitry 32. Delay adjust circuitry 32
provides an 4 adjusted amp control signal 52 to secondary amplifier 30. Secondary amplifier 30
provides data liFE4USEER YD GOBFQIIRYIRY. TBUQ SECPEGRYY BENRIHGIRS: JRBFARERBO external to
integrated circudsnplifidr Fgrdvidescdapdelthds B&tbnmutpat couplay 8@ inadpoboiralitiycBés, such as

block control cirgiifiiaLdA8%ikes BRLREHET RPFRBIARCATERERHRD Sianahef: 1R ed
secondary amp contrcil signal SO,ngﬁgt\%ﬂ?éjB {%ock control circuitry, suc ias block control circuitry 21
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Fuse circuiffy 22p@witds, gl dateines sepeidary meelkegnidusiosied Gty Tite4nutpelay adjust circuitry
40 also receivesbietapjeshidtHAS airRmhapad Sepaldel &3 BRI cBIREH %ﬁl@sm?ggabﬂ%ss also
provided as an u}(tgors]ﬁgng amp ¢ tré)rllalglaag sgﬁlrle{g{leoarb%rcwtry 42. Delay adjust circuitry 40
provides signal EELB?O sense amp CONtfo sigha genera?lon Circtitry 42 and to secondary amp control
signal generation circufti{p 44 I8ttt emaRUHRBIAfPHGK A reifiewter alitand Ayse GlediE¥nse amp
control signals 481torRagsseiraniplifies Afo\heées atieny emerediliohsigralgaeriptelusir ity tAd
provides secongary ' . ifi i of&allj and 62 that
are couple%? to c%?u m%ﬁg%gfﬂg‘gf{%%\%géjﬁwg %@%lﬁsg%?%& rr%g%%r‘y{ilﬂ}s{bzge é(/} way of bit
lines 53. Sense AR} 28 PRPIDVBICK SHGHRIBAABBAT AR RRYERLAR Y INAM. 18 illustrates
one embodimertarfdetayp@dprdrcirsiggl demdr&ticn 2irDdtay 421 uBetay aithy giocinnlitde 40
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gate 104. NAND gate 104 receives bIPck select S|gnal 49°and rea si%nal 51 as |né)uts.
secondary amp control signal generation circuitry 44. Sense amp

15 signal generation circuitry 42 provides sense amp control signals 43 to sense

ontrol

amplifier 46. Secondary amp control 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



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 buffersL15. 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
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control input of tri-statea to.non-inverting control input of tri-stateable buffer 115.

Select signal 12248&%ctHed38'85% HPNRIF2HiIRARYAISE, 1t PRI B VEHEEILABUIDIR-stateable
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15 non-inverting control input of tri-stateable buffer 116. Select signal 125 is
coupled 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



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 invergng 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
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15 global data line 57.
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,



15 global data line 57. 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. Fgr a given access only one block will provide
data 25 so that for a given access, a selected block wirlé(g%ovide nine bits of data, one block per the
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information. This info”nation is also E)Iaced on the integrated circuit By fuse
actually occurs in such a case on every device made.” In the case of

15 redundancy in a memory, it would be only in those cases where redundancy is
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



blowing. This information is encoded by fuse blowing. Thus, fuse blowing actually occurs in such a
case on every device made. In the case of 15 redundancy in a memory, it would be only in those
cases where redundancy is 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 bloclgcontrol 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
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control circuitry 21 and fuse_.circuitry 24. Alsq shown in FIG. 2 is a block of memory cells 48
representing ysense amp‘ﬁfler WOUYd e enaﬂ:)Feé)prlor to the column (fecoder becl)n ena%led.

15 Sense amplifier 46 begins amplifying and latching the information from the
selected bit line 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



the memory cells of block 17 and a column decoder 47 which selectively couples data from the
memory cells to sense amplifier 46. So in operation, a 10 row of memory cells in memory cells 48 is
enabled and bit lines then develop data along that word line. Data is developed in bit line pairs. A
selected one of these bit line pairs is then coupled to sense amplifier 46 by column decoder 47. This
is standard operation for SRAMSs. It is similar for DRANs except the sense amplifier would be enabled
prior to the column decoder being enabled. 15 Sense amplifier 46 begins amplifying and latching the
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15 block in which it is included is not selected, must provide a high impedance
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



delay adjust circuit 40 that is within block control circuits 21, are programmed to have the same delay.
5 Secondary amp control signal generation circuitry 44 also responds to the output, common clock
signal 45, of delay adjust circuitry 40 and provides secondary amp control signal 50 that is used to
enable secondary amplifier 30 via delay adjust circuitry 32 as shown in FIG. 1. Thus, both sense
amplifier 46 and secondary amplifier 30 are enabled inyesponse to the block select signal 10 49 via
common clock signal 45. Because signal 45 is a locally generated control signal from block select 49,
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15 have very little drive capability. Thus with the sense amplifiers inside the
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



circuitry has been optimized by selecting fuse circuitry 24 and 34, redundancy 10 has been
implemented, if necessary, and the identification fuse blowing has occurred, then integrated circuit 10
is re-tested. This arrangement of the delay adjust circuitry 40 being within a block allows for very
accurate tracking of the other delays which occur in relation to 5 the delay provided by delay adjust
circuitry 40. As an alternative, delay adjust circuitry 401gan be shared by adjacent block select circuitry.
For example, delay adjust circuitry 40 may be shared by block control circuitry 21 and 22. Fuse
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15 Thus, the delays are provided 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



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{ld delays that occur in ordinary inverters and
logic gates that are generating clock signals, or it may not scale one to one, if it does scale to some
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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
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.



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 nggslower than necessary, but is long enough to
ensure latching of reliable data. Similarly, secondary amplifier 30 is clocked 35 with the same
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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,



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 foyydifferent delays and they are in increments
that are ratioed to each other. In this case, assume that predetermined delay 103 30 is the reference
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15 voltage on global data line 56 will continue dropping until transistor 216
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



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 desiregdgThe 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 aPSPERSNY, FREFEEARY 510 58h BARBTHBIREAEN & Bras] 5 P95 IBE R B FRERE useful and
that could be setet¢etidy Horaldimrsvated 28, &S cirzdjtand4 2SidgHal. 47 sivdichsgobalmplifier 46

receives a prechgrsignal wbiaD.flofiafitioy Hiete shaRIRR RSO SRR UL RDAIg pcharge
local data 30 lines 61 ar:%i 6 ﬁ‘%-{ e vz{lﬁgem%esent on Vl%%égo%al data line 61 (LDLB I%cal data line
bar) is shown a& & ESroh WIRIRNS Thfe PIRTSPRRANHY 85 9PBIMIE HeGkIwakdmy
Precharge SignaiegporiseatnivdoskesRIgit Rigndet@ude tivat, ipreeisstganeraicd iceaumses local data
lines 61 and 62 ¢mbr spjAENALBEL ISR \PgEiEdteA st cainfptisnabiatRieaha0de SignaNndP0 35

precharges local.data lipes 61 and 62, equalization circuitry 26 equalizes. global data lines 56 and 57
VDD With oS e AR Be ae E a oR o 51 i 8 R e Con
initiation of a re4dta 2peekalglatadinabo is matHied vatthirasirelarMprRiscd 5eFRNEAAre held at
the logic high statgdoyigmeicapagitined associated with those lines and transistor nodes coupled
thereto. As the read process begins, bit lines begin developing data and a column decoder, such as
column decoder 47, couples 5 a selected bit line pair to local data lines 61 and 62. After the signal is
sufficiently developed on local data line 61 and 62, sense amp enable signal 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 transistor 216 becomes conductive. While transistor
216 is conductive, the voltage on global data line 56 is being reduced due to current flow through
transistor 216 to ground. The 15 voltage on global data line 56 will continue dropping until transistor
216 becomes non-conductive. This will occur after global data line drops enough so that the
threshold voltage of transistor 216 is no longer exceedgyl. 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 b@lyf:t. 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 bIIEBBY SHBB{ISHY advantage of this type of amplifier is that the differential
is kept relafively small Byl iEtiieritarayquickl deteg ivfirblyaseay maarp seqoifid cBGaWiINe disibal data

line 56 and 57 being relatiedy IpRiantthysdrags iBieeakrgance, this small voltage differential helps

in preparation for the next read that occur by taking less, 30 time_to precharge. Because
secondary amplifier SOai;ﬁ%Sd?f?;)r‘ﬁllﬁ%ﬁ\ﬂ%ﬁﬁf'é@é%t%%gr%%%tﬁ% ﬁzﬁ%tti%ngSmall differential and latch

the data provided from@ dlisth&leday=SRiRetion. orrealitimfRip eiding ged lawseieclivfb \sue current
because these accessemareineaithing thetpigredise opbibes @rdmseconds apart so this amount of

charge thaltoﬂows into the Qﬁ%@ﬁ@ﬁ@%my (gglgobal data lines 56 and 57 becomes significant.

The sense amp enable sign | fiming signal for optimizing the operation of sense
amplifier 46. This is the siGrRiithaBise8ss-aRRlileidiayiinsy Heldpridicornledin, e ahyality
programmed by delay selectioinsegnatylcgils\adeecbnduse dintiztme2diveryaghdmawhseangeobally

provides the delay i”formaﬂo%ﬁﬁ’pﬂé%&ﬁ@léq%,sra%céﬁsoﬁhﬁﬂt%%G'SI'@M RAtHEL firicY YA Aalacally

delays the precise enabling o{. common clock signal 45 in 5 response to block select signal 49. In turn,

precisely generated common 'Bfock signal 45 precisely generates sense amp enable signal 201.
Common 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.



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 comprising: 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: 10 a pluraliti of memory cells; a primary sense amplifier having a first input coupled to the

plurality of menfory ¢ Y AP iR EIRiAa L re¥BRIENE i fRIAY SSiselAmYPEIAINdIRGFHY, and an
output coupled telttedirst tielzethdatd dindelay betvsedelthean)nstotisayritihat debeidesayeddelay
selection value @8Htr6l°§?§ﬁéﬂ[ 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 sigrfal tothe sebonennpiyt as ihelaimm dnyvdegrsndimgiifriay2selaciéonorglus ia alfimmcliowherein
the first delay S@ﬁﬁtMFﬁﬁuﬂoﬁfﬁéidiﬁrﬁm fielay selpstionniatieip @achdigicdsinyadidshsiscuitry
within 25 each of thﬁzﬁ urality of blocks. 3. A memory as in claim 1, wherein the first delay selection

circuitry providgmﬂe (ra'lay 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 electrgal prohergfriioeyma@moniaim 1, wherein the control signal includes a block

10 select signal.

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. Amemory 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 memory cells to the primary sense amplifigrg 8. A memory as in claim 1, wherein the
control signal includes a block 10 select signal. 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; aldurality wieseosecammpliigngylocated within the blocks of memory cells for detecting

the logic states of the @ﬁpﬁgﬁ@%ﬁwg%%wggﬁ6&;&@3%@99@§|r§presentmive of the
logic states of the 20 memory cells jn.response tg bej naPI d; global data lines coypled to the
outputs of the sense aﬁﬁﬁﬁl&%é?glﬁjgf%e Héf?eﬁfi?ﬁﬂ%gﬁl htf\ﬁrjiﬂ %Bﬁfﬂ?mpﬁf&ﬁ g a delay
selection vé&ue; and progratnisiadrieimg hgicisiatdiohaaalsetatersentangilificteediish 25 delay
circuit having a program inggé e el i iguReudrasRirBedid dlalyrelpciapeiistitoldeine memory

of claim 10, wherein the firsé%%ﬂ selection circuit comprises a plurality of fuses coupled together to

provide the delay selection S0VA e, the delay selected by blowing selected fuses of the plurality of

fuses. 12. The integratdcefelfal danpliliorerysiedHe i drtayireldvhich creDRNESAMdvolatile
memory. 18 13. A memoryseyigisiign agdponldy o boiagseermblerised of blocks of memory cells;

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 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 sense amplifier within a first block of the blocks of memory cells 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 thejgecondary 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 coupletiao thé\datariong; @finptridaigy selection circuit having an output; and 20 a first

programmable delay Cﬁ%lﬁr‘&ﬂw grpé%rﬁ{a%%%@ngtgﬁoogtgég@m%,fgﬁt delay selection

circuit and an output coupled t tt]e enaple in the se seéarﬁ&lifier. 15. The memory of claim 14,
g %

wherein the secondanPaihhigiaR! AidRene SeRAF AR VAN 4 h§4Wenable input, further
comprising5a second dekgrcenibotiavatidati neiassaniatadwithrit e seewrd reyiammable delay

circuit having a prograg fipfid etk pliEh e vty bod dRe Saaancaalag S is WHan earAMEpUt coupled

to the enable input of the secondary amplifier, 30 19 16. emQqry_comprising: a plurality of arrays
including a first array and %ns(%ggn%}fawg]yg;og i?saqg o%gﬁggtﬂ%gﬁaggﬁ%ﬁﬁgd with the first array; 5 a

second global data lin@&85sHi8e8NERNAME IHiRIdhVHiead S8 it s Cannbiddp BQiIsEEPBENSse input
coupled to the first array anthpaodtanictepptesbiplbe firshglebabdatglibeal dsaadirs sense amplifier

having a Sfg1se input C?\WL‘?%E%&%&SFQ%IWH having a sense 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.



array and an output coupled to the second global data line; 10 a first secondary amplifier having a
sense 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 selegion 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 RQEPERBRRIH REGNEARI IBRIVEDOYoupled 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, whgsieipthe delay selection circuit is a non- volatile
memory. Programmable Delay Control in a Memory Abstract A memory (13,14) has sense
amplifiers (46) that provide data onto a global data lines (56,74) that are received by secondary
amplifiers (30,76). Thé\gveseoayn[dIidd (46) aoshasydibedai¢anipifioro(BE thitarenépabled by
clocks that are tiwsby-ps0MagBabia)delay fideteiris, ddedhtaraspmeraisodeiyys are
programmed by. eéae/eﬁgl(aecgion. Iwcuﬁi{g )’Logql&%) gh%to Br vrld%1 a Cﬁ%l’]etlrl’éLL%%S@t Pt to ﬂh o
programmable delay cwcuitsm(%J %S )fhere 5r8 o glaYy Se e_c{lon ircui 60=18 i (a)ne is
shared by all oP¥6lpessrHIAhRBIEMERAP L REQIsMO)aRLR dal Cilsite 32 42pAliersN46), and one
is shared by all pfdheapingibramellpsceiay rigitartinl &) deddyeabizidheciecitsdagoanydjfiers
(30,76). The ou ) I i ifcyi - rovide the output
bg ‘Eﬂ%isp%\}ﬂfg%%é%ﬁé%ﬁé%ﬁ%&% g@& 4}3@%8%%)0% HEARERIRE

which programs t egro& ay circuits (32,4 r optimizingthe worst case of the
access time of thR2fteRBly. Flereats daQAgianyalstigeicircuits (100-103). One is shared

by all of the programmable delay circuits (40) that enable the sense amplifiers
(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.



