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Description

[0001] The presentinvention generally relates to sys-
tems for processing data. Specifically, the invention re-
lates to a method for generating the timing for strobing
a sense amplifier.

[0002] US-A-5 359 567 discloses a method for gen-
erating the timing for strobing a sense amplifier wherein
predecode signals (SS1) are used as said strobe signals
for the sense amplifier such that the sense amplifier is
enabled as long as the predecode signals are active.
[0003] US-A-5 200 962 (figs.32,34,35) discloses a
method for generating the timing for strobing a sense
amplifier wherein a strobe signal (P; Pi) for the sense
amplifier (21) derived from level changes on the address
lines (Ai) has a shorter duration than the duration of said
levels on the address lines (Ai). Itis noted that this strobe
signal is derived from the address signals (Ai) and not
from decoded address signals.

[0004] The invention is defined in claim 1 and ex-
plained later in context with fig. 9.

Fig. 1 is a simplified circuit diagram of a portion of
a steering circuit according to one specific embod-
iment of the present invention;

Fig. 2 is a circuit diagram of a steering circuit ac-
cording to one specific embodiment of the present
invention;

Fig. 3 is a timing diagram of the circuit of Fig. 2 for
the case when a latency of two has been selected;
Fig. 4 is a timing diagram of the circuit of Fig. 2 for
the case when a latency of three has been selected;
Fig. 5 is an alternative circuit for steering signals
when a latency of one is selected;

Fig. 6 is an output circuit for propagating the outputs
of the circuits of Figs. 2 and 5 to output pads;

Fig. 7 is a pipecount generation circuit for generat-
ing pipecounts for use in the circuit of Fig. 2;

Fig. 8 is a pipecount delay circuit for generating de-
lay signals for use in the circuit of Fig. 2;

Fig. 9 is a count delay generation circuit for creating
a timing signal for use in conjunction with one em-
bodiment of the present invention;

Fig. 10 is a reset generation circuit for use in reset-
ting the circuit of Fig. 2; and

Fig. 11 is a pipeline enable circuit for use in conjunc-
tion with the circuit of Fig. 2.

[0005] Referring now to Fig. 1, a latency steer circuit
100 according to the present invention is shown. This
circuit is one of three identical sections or branches
shown in Fig. 2. It is somewhat simplified compared to
the circuit of Fig. 2, yet includes functions from other
circuits shown in Figures 6, 8, and 11 to get an overview
of the overall operation. The steering circuit 100 is used
to steer data signals from compliment or true 1/O signal
lines (hereinafter I/O# and 1/O) to a node NO1 or N04
respectively of one asserted branch and from there to
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an output pad 150 of, e.g., a synchronous memory de-
vice. The circuit uses a number of control signals to en-
sure that data from the I/O lines propagates to the output
pad 150 with precise timing. The steering of signals may
be used to quickly and accurately pipeline output data
from a memory device. Those skilled in the art will ap-
preciate that the present invention may be used in con-
junction with any synchronous memory device, includ-
ing DRAMs, SRAMs, ROMs, flash memory, and the like.
Further, the pipelining scheme of the present invention
may be modified for use in other applications where an
efficient, high-speed pipeline is required.

[0006] Throughout this specification, a specific em-
bodiment of the present invention will be described. In
particular, an embodiment designed for use in the output
data path of a DRAM system will be discussed. In this
particular embodiment, data is propagated through the
DRAM in the form of pulses (e.g., 1-5 ns wide pulses).
In a preferred embodiment, the circuitry may be imple-
mented by using fast propagation CMOS logic as de-
scribed in the co-pending, commonly assigned applica-
tion serial no. 08/269,451, filed June 30, 1994 entitled
"Fast Propagation Technique In CMOS Integrated Cir-
cuits", which is incorporated herein by reference. Those
skilled in the art will recognize that other implementa-
tions may also be used.

[0007] A clock cycle initiating a read cycle in this par-
ticular embodiment will cause four actions to occur.
First, two storage nodes of a branch of a circuit (such
as nodes NO1 and NO4 of the branch depicted in Fig. 1)
will be reset. Next, at the same time, a conventional
asynchronous read access will commence, concluding
with a data pulse on either an 1/O or an I/O# line. Third,
the read cycle will cause the generation of a steering
signal which will become asserted slightly before the ar-
rival of the asynchronous data pulse. Finally, the steer-
ing signal will cause data from I/O or I/O# to be steered
onto an appropriate storage node, setting one of the
storage nodes. A subsequent clock cycle will select this
data for output. The data may be output to any of a
number of receiving circuits (e.g., processor, cache
memory, or the like).

[0008] Atleasttwo circuits 100 are needed to achieve
a latency of two, and at least three circuits 100 must
exist in parallel to achieve a latency of three. Greater
latencies may also be attained by providing a greater
number of circuits 100. In one specific embodiment, the
pipeline circuitry of the present invention allows user
specification of latencies from one to three. Certain as-
pects of the latency steer circuit 100 of Fig. 1 have been
generalized to simplify explanation of the operation of
the circuit. Further detail will be given in conjunction with
later figures.

[0009] In one specific embodiment, 1/0O signals from
the memory device are high during standby. Therefore,
alow signal on either line indicates the presence of data.
These signals are generally negative data pulses which
may be, e.g., 2 ns wide. In one specific embodiment, I/
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O signals are generated after an asynchronous delay of
about 10 ns following a memory read access request.
However, with the use of pipelining, memory requests
can be made at intervals less than the access time. A
latency of two will pipeline data to permit I/O signals to
occur every 7.5 ns and new data to be placed on the
output pad 150 every 7.5 ns. A latency of three will per-
mit 1/O signals and new output data to occur at 5 ns in-
tervals.

[0010] The symbolfor PMOS transistors, such as 102
and 104, includes a circle (bubble) on the gate. The sym-
bol for NMOS transistors, such as 114 and 116 has no
such circle. The short horizontal lines above the sources
of PMOS transistors 102 and 104 indicate the positive
power supply, Vcc. The sources of NMOS transistors
114 and 116 are connected to ground.

[0011] As eitherthe I/O# or I/O line pulses low, PMOS
transistor 102 or 104 is turned on. At this time,
PIPECNTDELO is asserted low in one circuit 100 ena-
bled to receive data (and PIPECNTDEL1 and
PIPECNTDEL2 are high in other circuits 100). The low
pulse on the I/O# or I/O combined with the low level on
PIPECNTDELO causes either (previously reset low)
node NO1 or NO4 to be set, i.e., pulled up to the positive
supply voltage, Vcc. Nodes NO1 and NO4, essentially,
comprise a pair of data latches. Node NO1 is set high by
a received logic "1" and node N04 is set high by a re-
ceived logic "0".

[0012] PIPECNTDELDO is a signal created by circuitry
110 which will be discussed in more detail in conjunction
with Figs. 7, 8 and 9. The timing of the assertion of the
PIPECNTDELO signal is controlled by circuitry 110. In
general terms, the PIPECNTDEL signals are timed to
occur in conjunction with the arrival of signals on the I/
O lines. The PIPECNTDEL signals, being of relatively
long duration, create a window within which the 1/O sig-
nal may occur. Corresponding signals (e.g.,
PIPECNTDEL1 and 2) are provided to corresponding
circuit branches not shown in this figure. The choice of
which PIPECNTDEL (0, 1, or 2) is enabled to receive
data changes from cycle to cycle and depends upon the
latency chosen (e.g., two, three, or more) and on the
state of a counter (PIPECNT). The choice is controlled
by circuit 112. Circuits 110 and 112 will later be dis-
cussed in more detail in conjunction with Fig. 8. Togeth-
er, these circuits 110 and 112 steer the negative data
pulse from the I/O# or I/O line to node NO1 or NO4 of the
circuit 100 enabled to receive data. By "steering" it is
meant that if a signal (e.g., in the form of a negative
pulse) occurs on line I/O# when signal PIPECNTDELO
is asserted low, enabling branch 0 to receive data, the
signal will be steered to node NO1 setting it high while
not affecting corresponding nodes in other circuits 100.
If a negative pulse arrives on line I/O, and if signal
PIPECNTDELDO is asserted low, that data is steered to
node N04, setting it high. If a signal arrives on either line
I/O or I/O# and PIPECNTDELDO is not asserted low (be-
cause PIPECNTDEL1 or 2 is asserted low), that data is
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steered to another branch and neither node NO1 nor
NO4 will be changed. This feature allows signals arriving
on a single set of I/O lines in consecutive cycles to be
steered to a number of different nodes in different
branches to achieve a pipelining effect.

[0013] Once data has been appropriately steered to
a particular node (e.g., nodes NO1 or NO4 of Fig. 1), it
waits there until the appropriate clock input arrives. upon
arrival of the appropriate clock input, PCNTO is quickly
selected high. This allows the data to then be propagat-
ed to an output pad 150. The PCNTO signal is, essen-
tially, derived from a PIPECNTO signal which is gener-
ated by a counter to be discussed in conjunction with
Fig. 7. The PCNTO signal is selected high only if count
signal PIPECNTO has been selected high, and if the out-
put is to be enabled this cycle. In one specific embodi-
ment, the output control circuitry includes a feature
which allows the output to be turned off (open circuit),
thereby freeing the memory output pads to carry another
signal. This control circuitry will be discussed in more
detail infra in conjunction with Figs. 6 and 11.

[0014] The selection of PCNTO turns on NMOS tran-
sistors 126, 134, and 140. This, combined with a high
"set" level on either node NO1 or NO4 causes the output
pad 150 to be pulled either high or low. For example, if
a negative pulse has arrived on line I/O, when the
PIPECNTDELO signal was asserted low, transistors 104
and 108 will be simultaneously turned on to set node
NO04 high (both nodes NO1 and NO4 had been previously
reset low). Node NO4 is coupled to the gate of NMOS
transistor 128. As node N0O4 goes high, transistor 128 is
turned on. Receipt of a clock input (after the input that
initiated this read cycle) causes the selection of
PIPECNTO and PCNTO (output enabled) which turns
NMOS transistor 126 on. With both transistors 128 and
126 on, the gates of PMOS transistors 132 and 142 are
pulled to ground, turning these transistors on. When
PIPECNTO is selected high, PIPECNT1 is not selected,
i.e. is low. As will be discussed in more detail, these
PIPECNT signals are generated by a high-speed syn-
chronous wrap-around counter. Only one of the signals
(PIPECNTO0-2) is selected high at any given time. With
PIPECNT1 low, PMOS transistors 130 and 144 are
turned on. With PMOS transistors 130 and 132 both on,
node PULLDN is pulled to Vcc, turning on NMOS output
transistor 148. With PMOS transistors 144 and 142 both
on, node PULLUP is also pulled to Vcc, turning off
PMOS output transistor 146. Thus, the output pad 150
is pulled down to ground. At this time node NO1 is still
reset low so NMOS transistors 136 and 138 are off. In
a similar fashion, if data has arrived on line 1/0O# node
NO1 has been set high through PMOS transistors 102,
106, and node NO04 is still reset low. In this case, when
PCNTO is selected high, lines PULLUP and PULLDN
will be pulled to ground via transistors 140, 138, and
134, 136. This will turn on PMOS transistor 146, and
turn off NMOS transistor 148, pulling the output pad 150
high.
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[0015] Due to the high speed at which signals are
propagated through the system, lines PULLUP and
PULLDN are potentially subject to glitches in output.
Several features are provided to avoid glitches in the
output. First, as soon as the current PIPECNT (output)
cycle is complete, as a result of receipt of the next clock
input, PMOS transistors 130 and 144 will be rendered
non-conducting because the next pipecount,
PIPECNT1, is quickly selected high. Also at this time,
NMOS transistors 126, 134 and 140 will be turned off
by the deselection of PCNTO low. With NMOS transis-
tors 134, 140 and PMOS transistors 130, 144 all off, this
particular branch no longer affects the state of PULLUP
or PULLDN. As a result, PULLUP and PULLDN remain
at their present voltages until driven to new voltages by
the next selected branch, (or by output disable circuitry).
If, on the simultaneous deselection of the present
branch and selection of the next branch, data has not
yet arrived on the equivalents of node NO1 or N04 of the
next branch (e.g., nodes N02 and NO5 of branch 1), still
no glitch occurs in the output. Instead, as the next
branch is selected nothing yet happens. Only when data
finally arrives to set node NO2 or NO5 of the next branch
are nodes PULLUP or PULLDN changed in voltage.
Thus the output remains high, low, or open circuit until
the next data is available for output. If the next data hap-
pens to be the same data as the present data, nodes
PULLUP and PULLDN do not change voltage and there-
fore the output has no glitch, even if the next PIPE-
COUNT selected data before that data was available.
[0016] Those skilled in the art will recognize that PUL-
LUP may be designed to rise faster than PULLDN rises,
causing PMOS transistor 146 to turn off faster than
NMOS transistor 148 turns on. Likewise, PULLDN may
be designed to fall faster than PULLUP falls, causing
NMOS transistor 148 to turn off faster than PMOS tran-
sistor 146 turns on. This will result in a savings in power
consumption.

[0017] To ensure that a valid signal is placed at nodes
NO1 and N04, a RESETO signal is also provided. This
signal, for branch 0 (the branch selected to output data
by PIPECNTO), in one specific embodiment, is selected
as a positive pulse at the beginning of a cycle in which
the PIPECNT1 signal has been selected high (i.e., im-
mediately after the cycle in which PIPECNTO had been
selected to output data). The RESETO signal is coupled
to the gates of NMOS transistors 114 and 116. Assertion
of the signal with a positive pulse resets nodes NO1 and
NO4 to ground, a condition representing that no data is
yet available at these nodes. The signal is also inverted
by inverter 120 whose output turns on PMOS transistor
124 which resets high the gates of PMOS transistors
132 and 142, again a condition representing that no data
is yet available. Once each of these nodes is properly
reset, the circuit is ready to receive new data in the form
of a negative pulse on I/O or I/O# the next time
PIPECNTDELO again steers data into branch 0. This
new data will be output the next time PIPECNTO is se-
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lected high. Note that the reset pulse timing must termi-
nate before new data on 1/O or I/O# is steered by
PIPECNTDELO into this specific branch (branch 0). In
one specific embodiment of the present invention, when
the latency is set to three, there is a 10 ns window in
which to start and stop the RESET pulse before new
data arrives at a node. This time is independent of clock
cycle time. At a latency of two, even more time is avail-
able. Those skilled in the art will be able to adjust the
timing of the RESET pulse within this window.

[0018] Although circuit 100 is somewhat simplified,
several aspects of the present invention are shown.
First, signals presented on the I/O lines are not propa-
gated (steered) to nodes NO1 or NO4 unless the
PIPECNTDELDO signal is asserted low at the time the I/
O or I/O# signal appears. Because the 1/O signals may
be, e.g., 2 ns wide pulses occurring at quick intervals
(such as 5 ns in certain embodiments), proper timing of
the PIPECNTDELDO signal is necessary. This timing is
coordinated through use of delay circuitry 110. The
choice of which PIPECNTDEL signal is asserted during
any given cycle is determined by the state of the PIPEC-
NT counter at the time-the read request was initiated,
and by the selected latency. This is accomplished by the
circuit 440 of Fig. 8. once data has set node NO1 or NO4
high, it is selected for output only when PCNTO is se-
lected which in turn occurs only when PIPECNTO is se-
lected (and data output is enabled by output enable cir-
cuitry 118). That is, data from nodes NO1 or NO4 does
not get placed on the output pad 150 until the PCNTO
signal has been selected some number of clocks later.
This gating effect is used to control the pipelining of data.
By replicating the circuit 100 of Fig. 1 N times a data
pipeline having any depth from two to N can be formed.
[0019] Referring now to Fig. 2, one specific embodi-
ment of a steering circuit 200 according to the present
invention is shown. This circuit, with three identical
branches, supports latencies of two or three. A latency
of one is achieved by a separate circuit to be described
later. Each of the three branches is, for the most part, a
replica of the circuit 100 shown in Fig. 1. Those skilled
in the art will realize that higher latencies may be at-
tained through use of a greater number of branches.
Certain features included in Fig. 1, such as the delay
circuitry 110, latency selection circuitry 112, output con-
trol circuitry 118, and output transistors 146 and 148,
are not shown in the diagram of Fig. 2. Instead, specific
embodiments of these features will be discussed infra.
[0020] Several features of one specific embodiment
of the present invention, not contained in Fig. 1, are
shown in Fig. 2. Specifically, each of the storage nodes
NO1-NO06 contains a latch 262A-C, 260A-C formed from
a pair of inverters. These latches are used to ensure that
information is retained at each of these nodes, even
when the system is operated at low frequencies where
leakage current could be a concern. They are formed to
have a high enough impedance to ensure that they may
be overpowered.by their respective reset pulses or by
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new data on I/O or |/O#, yet have a low enough imped-
ance to overcome any leakage current on their respec-
tive nodes. Similar latches throughout this specification
are also overpowered by their respective input signals.
By providing latches on these nodes, operation at very
low frequency is supported. Additional PMOS latches
264A-C are positioned to hold nodes N013-N015 high.
Once these nodes are set high, latches 264A-C main-
tain the high level until a change of signal occurs. The
nodes NO13-N015 are reset high by PMOS transistors
224A-C when their respective RESET signals are as-
serted. Note that the RESET function does not reset the
signals at lines PULLUP or PULLDN. Instead, those sig-
nals are maintained until replaced by new output data.
This helps to ensure a glitchless output. For example,
assume that in a first cycle, a negative data pulse from
I/O# is received on the gate of transistor 202A, and
steered through transistor 206A to storage node NO1 of
branch 0, causing PULLUP and PULLDN to pull to
ground when PCNTO is selected high. If, in the next cy-
cle, data again appears on line I/O#, it will be steered to
node NO2 of branch 1, setting it high. This will cause
transistors 236B, 238B to pull lines PULLUP and
PULLDN to ground (once signal PCNT1 is selected).
However, the lines are already at ground, so the final
data output remains high. This is the case even if
PCNT1 is selected before data arrives to set node N02
high.

[0021] When PULLUP and PULLDN need to be pulled
high for an output cycle from branch 1, (i.e., data has
come inon the true I/O line and been steered to set node
NO5 high), node NO14 is pulled to ground once
PIPECNT1 and PCNT1 are selected. This pulls PUL-
LUP and PULLDN high, since PMOS transistors 230B
and 244B are on. They are on because PIPECNT2 is
unselected low whenever PIPECNT1 is selected high.
Further, the end of each PIPECNT cycle is completed
by isolating lines PULLUP and PULLDN by turning off
the previously selected PMOS transistors 230, 244 and
the previously selected NMOS transistors 226, 234 and
240. These transistors are turned off at the same time
because, e.g., PIPECNT1 is deselected low as
PIPECNT?2 is selected high, deselecting branch 1. With
PULLUP and PULLDN isolated from one branch at the
end of a cycle, these nodes can immediately take on
new data as provided by the next . branch.

[0022] Note that the circuit provides a glitchless (but
delayed) transition from cycle to cycle even if new data
is requested before it arrives. Assume, again, that the
asynchronous delay from the initiation of a read cycle to
the generation of a negative pulse on 1/O or I/O# is 10
ns. The data, in this example, is steered to branch 0.
Also assume a read latency of two, i.e., that the data is
selected for output upon receipt of the first clock follow-
ing the clock that initiated the read cycle of concern. If
the clock cycle time is greater than 10 ns, the data will
have asynchronously propagated through the memory
before it is selected for output. That is, node NO1 or NO4
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will have been set high before PCNTO is selected high.
Immediately on receipt of the next external clock,
PCNTO (or PCNT1 or PCNTZ2 for following cycles) is se-
lected high and the new data appears at the output as
previously described. If, on the other hand, the cycle
time is less than 10 ns, the data is requested before it
is available. That is, PIPECNTO is selected high before
either node NO1 or node N04 has been set high, both
still being in their reset low state. In this case, selection
of PIPECNTO by the next clock causes no change to the
output until the asynchronously propagating data ar-
rives. That is, nodes PULLUP and PULLDN remain in
their previous state and the output remains in its previ-
ous state, high, low, or open circuit, until new data ar-
rives. Now, when the I/O or |/O# negative data pulse
finally occurs, node NO4 or NO1 is set high, and this new
data immediately propagates to the output, PIPECNTO
still being selected high. Again, if the new data is iden-
tical to the old, the output remains steady with no glitch.
And if the output switches, it retains the previous data
valid until new data is available to replace it. The state
of the output does not change until two conditions are
met: The data has propagated asynchronously through
the memory to be available at the output and the appro-
priate clock has been received to select this data for out-
put. It does not matter which occurs first. However, ac-
cess time from clock increases if the data propagating
asynchronously through the memory is not yet available
when PIPECNT advances on the next clock attempting
to select that data for output.

[0023] Operation of the circuit 200 at differing laten-
cies will now be described. It will again be assumed that
it takes 10 ns for data to propagate asynchronously
through the memory and thereby set either node NO1 or
NO4 high. It will be further assumed it takes 5 ns for the
output to become valid after, for example, node N04 or
NO1 is set high and PIPECNTO is selected high. Refer-
ring now to Fig. 3, a timing diagram for a latency of two
is shown. In this example, data requests are being made
approximately every 11 ns. The diagram of Fig. 3 shows
the interaction of signals required to propagate an out-
put signal through a single branch of the circuit 200 of
Fig. 2. Specifically, the data is shown as being steered
by PIPECNTDELDO to either set node NO1 or node N04
high (dependent upon whether the negative data pulse
occurred on |/O# or I/O). This branch, selected by
PIPECNTO and PCNTO, is referred to as branch 0. The
arrows indicate relationships between signals (e.g.,
where the rising or falling edge of one signal causes the
transition of a second signal). As will become apparent
by later reference to Fig. 11, the PCNT signals are nor-
mally equivalent to the respective PIPECNT signals.
Only when the output has been disabled are there dif-
ferences. Thus, for the purposes of this discussion, the
PIPECNT signals will be referenced.

[0024] As shown in Fig. 3, only one of the signals
PIPECNTO-2 is selected (high) at any time. The rising
edge of every clock cycle triggers transitions between
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signals. For example, if PIPECNTO is high, the next ris-
ing edge of the clock will cause PIPECNT1 to go high
and PIPECNTO to go low. The rising edge of the clock
signal also drives a RESET signal. In one specific em-
bodiment, a RESETO signal is triggered by the rising
edge of PIPECNT1 resetting branch 0 nodes NO1 and
NO4 low and node N013 high. Similarly, the rising edge
of PIPECNT2 causes generation of a RESET1 signal,
while the rising edge of PIPECNTO causes generation
of a RESET2 signal. Generation and timing of these sig-
nals will be discussed further in conjunction with Fig. 10.
[0025] A memory read access request is made on a
specific clock, labeled for convenience clock 0, and fur-
ther labeled as the start read cycle. This cycle causes
a signal to be output from the memory as a negative
pulse on either I/O or I/0# after an asynchronous prop-
agation delay of approximately 10 ns from the time the
request was initiated. In the sample shown in Fig. 3, the
start read cycle happens to have occurred on a cycle
causing the rising edge of PIPECNT2. This causes
PIPECNTDELDO to be asserted low a certain time after
the start of the read cycle, independent of whether or
not any additional clocks have been received after that
(the choice of asserting PIPECNTDELO rather than
PIPECNTDEL1 is a result of choosing a latency of two,
as will be described). For this example in one specific
embodiment, PIPECNTDELO is asserted low 8.5 ns af-
ter commencing the read cycle on clock 0. Thus, inde-
pendent of clock frequency, this data is steered to
branch 0; that is to set either node NO1 or NO4 high (de-
pendent upon whether the signal occurs on I/O# or 1/0).
The PIPECNTDELO signal is asserted a specified time
after selection of the PIPECNT2 signal, more specifical-
ly, just before arrival of the data pulse on I/O or I/O#.
Sufficient marginis provided to ensure that the 1/0 signal
arrives within the window defined by the current PIPEC-
NTDEL signal (here, PIPECNTDELOQ). This margin al-
lows for variations of signal timing caused by tempera-
ture, power, or other influences. The generation and tim-
ing of the PIPECNTDEL signal will be discussed in more
detail later in conjunction with Fig. 8.

[0026] Because the negative I/O data pulse associat-
ed with this read cycle occurs during the assertion low
of the PIPECNTDELO signal, the data is steered to a
node in branch 0 (i.e., either node NO1 or N04). The
steering of the negative pulse sets either node NO1 or
NO4 high from its reset low state. The node remains high
(thanks, in one embodiment, to a latch) until it is later
reset by a RESETO pulse (e.g., after the cycle reading
out that data has been completed). When the next ex-
ternal clock input, clock 1, is received, the next pipe-
count, PIPECNTO, is selected high as quickly as possi-
ble and the previously selected pipecount, PIPECNT2
is quickly deselected low. This selects the new branch
and disconnects the previously selected branch. When
PIPECNTO is selected high, transistors 234A, 226A,
and 240A are turned on and nodes PULLUP and
PULLDN are pulled high if node NO4 is set high or pulled
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low if node NO1 is set high. These signals are then prop-
agated to an output pad 150 of the memory device.
[0027] The next data to arrive on the 1/O lines will be
steered to nodes NO2 or NO5 of branch 1 because the
counter will have incremented and the PIPECNTDELA1
signal will be asserted low. This data will drive lines PUL-
LUP and PULLDN when PIPECNT1 is selected imme-
diately after clock 2. One cycle later, data received on
the 1/O lines will be steered to nodes NO3 or NO6 of
branch 2 by the negative assertion of signal
PIPECNTDEL2. Line PULLUP and PULLDN will again
receive new data when signal PIPECNT2 is selected up-
on receipt of clock 3. This process will continue steering
data into and then retrieving data from branch 0, 1, 2, 0,
1, 2, 0, etc. The first data could have been steered into
any of the branches, depending on the count existing
when that read cycle is initiated. After completion of the
last read cycle, the output may be open circuited. Cir-
cuitry to accomplish this will be described infra in con-
junction with Figs. 5, 6 and 11.

[0028] The timing diagram of Fig. 3 shows data arriv-
ing on I/O or |/O# before its output is selected, that is, a
cycle time of over 10 ns. But a cycle time of 7.5 ns could
have been chosen as will be later discussed.

[0029] Referring now to Fig. 4, an example timing di-
agram for a latency of three is shown. For a latency of
three, data will start to output two clocks after the start
of a read cycle, which will permit higher frequency op-
eration. This diagram again refers to circuit 200 of Fig.
2. The same circuit 200 may be used to achieve a la-
tency of three by generating a different selection of
which PIPECNTDEL signal is asserted by which PIPEC-
NT signal.

[0030] Fig. 4 shows operation with a latency of three
and a cycle time of about 5.5 ns. Again, the rising edge
of the clock signal in Fig. 4 causes a transition between
PIPECNT signals. Once again, the timing diagram
shows data being steered to nodes NO1 or N0O4 of
branch O (i.e., the negative pulse on the I/O lines occurs
during assertion low of the PIPECNTDELO signal). The
combination of a low pulse on either I/O# or 1/O and a
low signal on PIPECNTDELDO steers the data to set high
either node NO1 or NO4 respectively. The selection of
the PIPECNTO signal causes transfer of this data to
nodes PULLUP and PULLDN, continuing on to appear
as output on pad 150 of the memory part. For a latency
of three, however, PIPECNTO does not occur until the
second clock following the clock initiating the read cycle,
i.e. clock 2. Note that PIPECNTDELO is asserted low a
fixed time after the selection high of PIPECNT1 when
the selected latency is three, whereas PIPECNTDELO
was asserted low the same fixed time after the selection
high of PIPECNT2 for a latency of two. In one specific
embodiment having a 10 ns asynchronous delay, the
PIPECNTDELO signal will be asserted low 8.5 ns after
selection of PIPECNT1 (while PIPECNT2 is simultane-
ously unasserted high).

[0031] Operation of the steering circuit 200 of Fig. 2
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allows output data to be quickly and efficiently pipelined.
High frequencies of operation are supported. Selection
of an appropriate latency for a particular system allows
a user or memory designer to optimize memory perform-
ance.

[0032] With a latency of two, data is output from the
circuit 200 on the second clock after the start of a read
cycle. That is, clock zero starts a read cycle, clock one
selects the data from that read cycle to be output, and
clock two latches the valid output data into a receiving
circuit. The circuit 200 may be used to output data to
any of a number of receiving circuits. For example, the
data may be supplied to a cache system or a central
processing unit. For an embodiment where the asyn-
chronous delay between the start of a read cycle and
the arrival of data on node NO1 or NO4 is 10 ns, and
where the asynchronous delay through the output buffer
is 5 ns, data can not become valid on the output earlier
than 15 ns after the initiation of the read cycle. That is,
the time between clock zero and clock two must be at
least 15 ns for the correct data to be received by a re-
ceiving circuit. At a latency of two, the cycle time must
therefore be greater than or equal to 7.5 ns. Note that
with a 7.5 ns cycle time, PIPECNTO calls for the new
data one clock (or 7.5 ns) after the start of the read cycle,
2.5 ns before that data sets node NO1 or NO4 high. The
output has no glitch, but instead starts to switch only
when the data finally arrives at node NO1 or NO4, 2.5 ns
after clock 1 selects this data for output. The data be-
comes valid at the output approximately 5 ns later by
clock 2.

[0033] For a latency of three, on the other hand, data
is latched into a receiving chip on clock number three.
Again, as for a latency of two, data sets node NO1 or
NO4 high after an asynchronous delay of 10 ns from the
start of aread cycle, and can get through the output buff-
erin 5 ns. Butat a latency of three, there are three clocks
during this 15 ns time interval. Thus, each clock period
can be as short as 5 ns. With this latency of three, and
with a 5 ns cycle time, data is selected for output on
clock number 2, 10 ns after the start of the read cycle.
With node NO1 or NO4 set high after an asynchronous
delay of 10 ns from clock 0, and PIPECNTO selected by
clock 2 also 10 ns after clock 0, data is valid at the output
5ns later (i.e., at 15 ns). This is concurrent with the third
clock, which latches the data into a receiving circuit (e.
g., a CPU, cache, or the like).

[0034] The primary functional difference between op-
eration at a latency of two and operation at a latency of
three is the logical selection of which asserted PIPEC-
NTDEL follows which selected PIPECNT. The choice
determines the number of clocks which will occur before
datais selected for output. Another difference is the con-
trol of which cycles have the output enabled.

[0035] As the clock frequency increases, the mini-
mum useable latency also increases. For the above ex-
ample, operation at a 5 ns cycle time requires a latency
of (at least) three. Operation at a 7.5 ns cycle time re-
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quires a latency of (at least) two. Operation at a latency
of one (using circuitry that will be presently described)
will be seen to be possible for a cycle time of at least 15
ns. To minimize access time, the system designer
should choose the smallest latency which will work with
his target operating frequency. The efficient program-
mable latency of the present invention allows for a
choice of latency, thus enabling a designer to optimize
the system for particular needs. This flexibility is attained
without compromising gains in other memory design pa-
rameters such as speed, power and substrate area.
[0036] In one specific implementation, the steering
circuit 200 may be augmented with an additional circuit
designed to support a latency of one. Referring now to
Fig. 5, a circuit 280 is shown which may be used where
a latency of one is desired. By using these circuits to-
gether on a single memory part, a user is able to select
an even wider range of output latencies. Like circuit 200,
circuit 280 drives the state of the signals PULLUP and
PULLDN. Circuit 280 may be used when the system (or
a designer) has opted to utilize a latency of one rather
than two or higher. If the desired latency is greater than
one, signal CL1 (Column Read Latency=1) is driven low
and the output of NAND gate 284 is high, the outputs of
both NOR gates 286 and 288 are low and the output of
inverter 290 is high. All four of the transistors 292, 294,
296 and 298 are off. The circuit 280 is thereby disabled
for latencies greater than one.

[0037] However, if a latency of one is desired, circuit
200 in Fig. 2 is disabled and circuit 280 of Fig. 5 is en-
abled. operation of the circuit 280, when enabled, de-
pends upon the state of input signal OUTOFF. If OUT-
OFF is a logic one, inverter 282 outputs a zero, NAND
gate 284 outputs a one, and NOR gates 286, 288 output
zeros. Transistors 292, 294, 296 and 298 are all off. This
allows the circuit 300 of Fig. 6 to open circuit the output,
as will be discussed. If OUTOFF is a logic zero and CL1
is a logic one, the output of NAND gate 284 is low, en-
abling circuit 280 by providing a low input to each of the
NOR gates 286, 288. Again, data flows asynchronously
through the memory providing a low pulse on either I/O
or [/O#. If a low pulse is propagated on line 1/0, NOR
gate 286 will output a high pulse and, inverter 290 will
output a low pulse turning on PMOS transistors 292,
294. This low pulse is of long enough duration to pull
both PULLUP and PULLDN to Vcc. They will remain at
Vcce (due to latches included in circuitry 300 of Fig. 6)
until a subsequent cycle switches them. With both PUL-
LUP and PULLDN at Vcc the output is driven to ground.
Similarly, a low pulse on line 1/0# will cause the output
of a high pulse from NOR gate 288, thereby turning on
NMOS transistors 296 and 298. This pulls both PULLUP
and PULLDN to ground, driving the output to Vcc. PUL-
LUP and PULLDN will remain at ground until switched
high by a subsequent cycle.

[0038] Note that with a latency of one there is no
pipelining. That is, as soon as data in the form of a neg-
ative pulse on 1/O or I/O# occurs, that data continues
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asynchronously to the output. It does not wait for the
arrival of a second or third clock before switching the
output.

[0039] Signals PULLUP and PULLDN are used to
drive an output signal OUT_TTL which may be coupled
to an output pad of the memory device. In one specific
embodiment, OUT_TTL is generated by an output cir-
cuit 300 of Fig. 6. This circuit 300 may accept the PUL-
LUP and PULLDN signals output from circuit 280 of Fig.
5 (for a latency of one) and from circuit 200 of Fig. 2 (for
latencies greater than one). When both PULLUP and
PULLDN are driven to Vcc by either circuit 200 or 280,
PMOS transistor 314 is off and NMOS transistor 318 is
on so that the output is driven to ground. When both are
driven to ground by either circuit 200 or 280 PMOS tran-
sistor 314 is on and NMOS transistor 318 is off so the
output is driven to Vcc. Preferably, to drive an output
pad quickly, both PMOS 314 and NMOS 318 have rel-
atively large channel widths. For example, in one spe-
cific embodiment, PMOS 314 has a channel width of
400u and NMOS 318 has a channel width of 250u.
[0040] When OUTOFF is asserted high, the output of
inverter 302 is low, turning on PMOS transistor 304. This
pulls PULLUP to Vcc, turning PMOS 314 off. At the
same time, NMOS 316 is turned on, pulling PULLDN to
ground. This turns off NMOS transistor 318. With both
transistors 314 and 318 turned off, the output is open
circuited. Inverters 306 and 308 latch the state of PUL-
LUP while inverters 310 and 312 latch the state of
PULLDN, maintaining any given state indefinitely until
new data arrives. Signal OUTOFF, essentially, functions
as an output disable command serving to turn off both
PMOS 314 and NMOS 318.

[0041] Thus, in the case where the selected latency
is equal to one, as soon as a signal is generated on the
I/O lines, it is placed on an output pad (OUT_TTL) with-
out waiting for any additional clock. That is, the data
flows asynchronously all the way to the output. When
the selected latency is equal to two, output signals from
a read cycle initiated by clock zero are placed on the
output pad only after receipt of the next clock (i.e., clock
one). When the selected latency is equal to three, output
signals from a read cycle initiated by clock 0 are placed
on the output pad only after receipt of clock 2. The result
is an ability to selectively determine a latency for output
from, e.g., a synchronous memory device. By selecting
a high latency, the system is able to support very high
frequencies of operation. The access time from start of
a read cycle to output is fast because the data flows
asynchronously all the way from the input to the steering
provided by the PIPECNTDEL signals. The signal is not
slowed down by passing through a sequence of inter-
mediate transmission gates. Instead, the signal passes
through a single (e.g., PMOS) steering gate. Yet the cir-
cuitry is relatively simple, and occupies little substrate
area. When used in conjunction with a synchronous
DRAM, for example, a system according to the present
invention may provide the output pipeline function with
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a chip approximately the same size as an otherwise sim-
ilar asynchronous DRAM.

[0042] Reference will now be made to Fig. 7, where
a PIPECNT generation circuit 330 is shown. The
PIPECNT generation circuit.330 is used to generate
pipecounts for the steering circuit 200 of Fig. 2. In gen-
eral terms, the PIPECNT circuit 330 is a high-perform-
ance, divide-by-three, wrap-around, synchronous coun-
ter. The count modulus of three is chosen to support a
specific maximum latency requirement, in this case
three.

[0043] The circuit 330 includes an LRAS input which
may be used, in one specific embodiment for use in a
DRAM system, to disable the circuit if RAS is not active.
This feature saves power during inactive RAS cycles,
when no reading is possible. A low signal on line LRAS
turns off NMOS transistor 346 and pulls node N20 high
through PMOS transistor 352. This prevents the counter
from advancing count, instead locking it at its existing
count. However, when RAS is active, a high signal on
LRAS enables circuit 330 by turning on NMOS transistor
346, enabling the count to advance with each new clock.
The LRAS signal must remain active after RAS goes in-
active for a number of cycles sufficient to output the data
stored in the branches of circuit 200.

[0044] When a latency of one is utilized, the count cir-
cuit 330 is not needed. Thus, the circuit may be disabled
by asserting a CL1 signal high. This causes NOR gate
334 to output a low signal. A logic zero is thus placed at
one of the inputs of each NAND gate 368, 362 and 358.
This ensures that nodes N15-N17 all remain low and
that NMOS transistors 372, 366, and 360 are all off. At
the same time, the low output-of NOR gate 334 Causes
a high output of NAND gates 378, 396 and 414, their
inverted outputs turning on PMOS transistors 374, 392
and 410. Thus, nodes N21, N22 and N23 are high, turn-
ing off PMOS transistors 384, 402 and 420. The output
of inverter 338 provides a high input to NMOS transis-
tors 340, 342 and 343. PIPECNTO, 1, and 2 all remain
at ground to save power.

[0045] Further, if the memory device does not yet
have a substrate bias (i.e., a power up signal has not
yet been asserted high), the circuit 330 is disabled. This
is accomplished by routing a pwrup signal thru an invert-
er 332 and to NOR gate 334, disabling the circuit 330
as just described for a latency of one. Those skilled in
the art will recognize that latch-up could occur if the cir-
cuit was intended to operate only with a substrate bias
(such as in a DRAM) but was permitted to operate be-
fore the substrate bias was generated.

[0046] The pipecount circuit 330 is, essentially, a self-
starting synchronous counter with minimum delay from
clkt2 to transitions on PIPECNTO, 1, or 2. Clkt2 is a
short-duration positive pulse occurring quickly after the
rising edge of the clock input. In the following, it will be
assumed that LRAS is asserted high, CL1 is low, and
pwrup is high. That is, circuit 330 is enabled. A count
occurs as a result of the positive pulse on clkt2. At the
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rising edge of clkt2, NMOS transistor 344 turns on, pull-
ing node N20 to ground. When NMOS transistor 344
turns on, the sources of NMOS transistors 360, 366 and
372 are pulled to ground. At this point, either node N15,
N16, or N17 is high. For the purposes of explanation,
assume that node N15 was high at the occurrence of
clkt2. This would be the case if PIPECNT2 were select-
ed high before receipt of clkt2 (PIPECNTO and 1 low).
A logic one at the gate of NMOS transistor 372 causes
the transistor to be conductive, causing node N21 to
quickly follow node N20 to ground. As will be discussed,
PMOS transistor 374 is off at this time. A latch formed
frominverters 380 and 382 ensures that node N21 stays
in either state until forced to the opposite state. The latch
is designed to be easily overpowered. The low at node
N21 turns on very large PMOS transistor 384 to quickly
select signal line PIPECNTO high. Another latch formed
from inverters 386, 388 maintains the high signal on
PIPECNTO. When PIPECNTO goes high, previously se-
lected line PIPECNT2 is deselected low via a large
NMOS transistor 426. This ensures a very-fast transition
from a count of, e.g., 210 0.

[0047] The high signal on PIPECNTO causes a low
output of inverter 388, causing a high output of NAND
gate 378, causing a low output of inverter 376. After the
small delay of these logic gates, PMOS transistor 374
is turned on. This takes place after the falling edge of
the pulse on clkt2. As a result, PMOS transistor 374 re-
sets node N21 high, turning off PMOS transistor 384 but
only after PIPECNTO has switched high. With PMOS
transistor 384 off, PIPECNTO can be quickly pulled to
ground through NMOS transistor 390 at the next clock
as PIPECNT1 goes high. The selection high of
PIPECNTO causes a logic one to be placed at the input
to NAND gate 362. NOR gate 334 provides a one to the
otherinput of NAND gate 362. NAND gate 362 will there-
fore output a logic zero. After a delay from inverter string
364 (the delay chosen to be greater than the width of
the pulse on clkt2), node N16, the gate of NMOS tran-
sistor 366, will be pulled high in preparation for the next
clock. Similarly, node N15, the gate of NMOS transistor
372, is pulled low before the next clock since PIPECNTO
was selected high, pulling the output of NOR gate 336
low. This next clock will not affect node N21 since tran-
sistor 372 is off. It will, however, pull node N22 low since
transistor 366 is on. PMOS transistor 402 quickly selects
PIPECNT1 high. The selection high of PIPECNT1 will
cause NMOS transistor 390 to deselect PIPECNTO low.
[0048] Fast positive transitions in the PIPECNT sig-
nals are achieved, in part, through the use of PMOS
transistors 384, 402, and 420 with large channel widths
(e.g., on the order of 1000u) to quickly pull up the rela-
tively high capacitance associated with the wires and
logic coupled to each of the PIPECNT signals. To further
decrease delay, before these PMOS transistors start to
pull the nodes high, their opposing NMOS transistors
390, 408, and 426 are already off. That is, for example,
PMOS transistor 384 pulls PIPECNTO high at a time
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PIPECNT1 (the gate of NMOS 390) is low. NMOS tran-
sistors 390, 408, and 426 are also provided with rela-
tively large channel widths to achieve fast negative tran-
sitions. Also, these NMOS transistors conduct while
their opposing PMOS transistors are already off, since
the PMOS transistors were on for a limited-duration
pulse. Further, to achieve fast operation, the capaci-
tance on clkt2 is minimized by requiring clkt2 to drive
only a single transistor, NMOS transistor 344. If the
counter were to be implemented using three conven-
tional NAND gates, one to generate each of the nodes
N21, N22, N23, three separate NMOS and three PMOS
transistors would be connected to node clkt2. This
would significantly add to the capacitance of clkt2.
[0049] A veryshortdelay between clock and selection
ofanew PIPECNT results in a very low access time from
clock to output. As shown in the example timing dia-
grams of Figs. 3 and 4, the signals produced by the pipe-
count circuit 330 have quick transitions, transitioning
high only two inverter delays after clkt2 transitions high,
which in turn is only two inverter delays after the exter-
nally received clock transistions high. Each signal
PIPECNTO-PIPECNT2 s selected high for one clock cy-
cle, and low for 2 clock cycles while the others take turns
being selected. These signals are used in conjunction
with the steering circuit 200 of Fig. 2 to select the data
stored in a specific pair of latches, i.e., storage nodes
NO1 and N0O4 of branch 0, to appear as output data from
a memory device. The pipecount circuit 330 is self-start-
ing. If, in any cycle, PIPECNTO and PIPECNT1 are both
not selected, (whether or not PIPECNT2 is selected),
NOR gate 336, NAND gate 368, delay 370 and transis-
tor 372 will cause the selection of PIPECNTO the next
cycle. This is followed by PIPECNT1, PIPECNT2,
PIPECNTO, PIPECNT1 etc., in subsequent cycles.
[0050] The PIPECNT signals are also used in con-
junction with a pipecount delay circuit 440 which will now
be described by referring to Fig. 8. As discussed in con-
junction with Figs. 1 and 2 above, the occurrence of two
events is required to steer data from an I/O line of the
present invention to set high one of storage nodes
NO1-N06. Specifically, a low pulse must appear on line
1/0 or I/O# and a single PIPECNTDEL signal must be
asserted low. If PIPECNTDELDO is asserted low, data will
be steered to node NO1 or N04 of branch 0. If
PIPECNTDEL1 or PIPECNTDEL2 is asserted low, data
will be steered to nodes NO2 or NO5 or to nodes NO3 or
NO6, of branch 1 or 2 respectively. The pipecount delay
circuit 440 is used to ensure that the PIPECNTDEL sig-
nals occur at the proper time and steer to the proper
branch. At high frequencies, this is a particularly difficult
problem. In one specific embodiment, each of the
PIPECNTDEL signals increments about 8.5 ns after the
start of read cycle and follows (inverted) a specific one
of the PIPECNT outputs, depending on the chosen la-
tency.

[0051] The pipecount delay circuit 440 generates the
PIPECNTDEL signals based upon several inputs, in-
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cluding information indicating the latency desired. If a
latency of one is to be used, this entire circuit is not nec-
essary and is, therefore, disabled. The circuit is disabled
by the assertion of signal CL1 high. This causes inverter
442 to output a low signal, thereby turning on PMOS
transistors 526, 528 and 530. It also forces NAND gate
444 to output a high signal, and inverter 446 to output a
low signal, turning off NMOS transistors 514, 518, 522.
A high output of inverter 448 turns off PMOS transistors
516, 520 and 524. With transistors 514 and 516 off and
526 on, the input of inverter 534 is high as are the inputs
of inverters 538 and 542. This forces signals
PIPECNTDELO-2 to be held at their unasserted high lev-
el so that the steering circuit 200 never steers data from
the 1/0 lines to nodes NO1-NO6. Rather, the alternate
circuit of Fig. 5 may be enabled to asynchronously prop-
agate data from the 1/O lines to the output pad without
waiting for any additional clock.

[0052] However, when latencies of two or three are
used, a zero is input on line CL1. Further, a mode reg-
ister or the like may be used to programmably specify a
latency of either two or three. For example, in one spe-
cific embodiment, a logic zero on the mreg4 line selects
a latency of two, while a logic one selects a latency of
three. If a latency of two is selected, the upper half of
the multiplexors formed from transistors 478/480,
486/488, and 494/496 will be enabled. If a latency of
three is selected, the lower half of the multiplexors
formed from transistors 482/484, 490/492, and 498/500
are enabled. Other selection schemes for use in an im-
plementation having more branches may be employed
to create circuits having a greater number of possible
latencies. The memory design may be implemented in
a manner allowing a user to change the latency of an
installed part by overwriting a value in a mode register
or the like.

[0053] Signals PIPECNTO and PIPECNT1 are re-
ceived from the PIPECNT circuit 330 of Fig. 7. A substi-
tute PIPECNT2 signal is generated by NOR gate 564
and is selected high when neither PIPECNTO or
PIPECNT1 is selected high. Signals PIPECNTO,
PIPECNT1, or PIPECNT2 change state very quickly af-
ter clkt2 pulses high to achieve fast access time from
clock to output.. The clkt2 pulse is delayed by inverter
string 350 of Fig. 7, and further delayed by inverter string
562 of Fig. 8 to provide a positive pulse about 3.3 ns
after clkt2. This delay tracks the asynchronous propa-
gation delay of the data pulse through the memory por-
tion of the circuit and is more or less equal to one-third
of that delay. This pulse occurs after the PIPECNT sig-
nals have finished incrementing and terminates before
they can increment again, 5 ns later. This positive pulse
causes the new state of each PIPECNT output to be
propagated through the multiplexors formed by transis-
tor pairs 452/454, 456/458 and 460/462. Count data at
the multiplexor outputs increments about 3.4 ns after the
clkt2 signal has been input to the pipecount circuit of
Fig. 7. Inverters 468, 472, and 476 propagate this new
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datato nodes N25, N26 and N27 about 0.1 ns later. That
is, nodes N25-N27 follow the inverted transitions of
PIPECNTO, 1, 2 with a 3.5 ns delay due to delays 350
and 562, as well as the delay through multiplexor
452/454 and inverter 468, etc. The signal passed
through the multiplexors is maintained by the latches
formed from inverter pairs 466/468, 470/472 and
474/476. The data at nodes N25-27 will asynchronously
propagate to nodes N28-30, but which input N25-N27
generates a given output N28-N30 depends upon the
latency selected. For example, if a latency of two has
been selected, the signal from node N25 will pass to
node N28. The signal on node N26 will pass to node
N29 and the signal on N27 will pass to node N30. That
is, signal PIPECNTDEL1 will be asserted low, after an
appropriate delay, by the selection high of PIPECNTO.
PIPECNTDEL2 will be caused by the selection of
PIPECNT1 and PIPECNTDELO will follow PIPECNT2.
When this signal arrangement is used in conjunction
with the steering circuit 200 of Fig. 2, the result is that
data is placed on the output pad 150 upon receipt of the
first clock after the start of the read cycle, i.e., with a
latency of two as shown in Fig. 3.

[0054] When alatency of three has been selected, the
signals at nodes N25-N27 will pass through the lower
half of the multiplexor. That is, data from node N25 will
pass to node N29, data from node N26 will pass to node
N30, and data from node N27 will pass to node N28. In
this case, signal PIPECNTDEL1 will be asserted low by
the selection of PIPECNT2 85 ns earlier.
PIPECNTDEL2  will follow PIPECNTO and
PIPECNTDELO will follow PIPECNT1. This ensures that
data is placed on the output pad by circuit 200 two clocks
after the start of the read cycle, i.e., with a latency of
three as shown in Fig. 4.

[0055] The effect of choosing differing latencies may
be seen by referring to the timing diagrams of Figs. 3
and 4. In Fig. 4, a latency of three has been chosen, and
signal PIPECNTDELDO has been asserted low by the se-
lection high of signal PIPECNT1, 8.5 ns earlier. Clock 0
initiates this read cycle, clock 1 selects data from branch
2 (if available) and clock 2 selects data from branch 0
into which this read data is steered. Thus, the desired
latency of three is achieved. In Fig. 3, a latency of two
has been chosen, and signal PIPECNTDELDO is assert-
ed low by the selection high of signal PIPECNT2 8.5 ns
earlier. In this case, clock 0 initiated the read cycle and
steered the datainto branch 0. Clock 1 selected this data
in branch 0 for output, achieving a latency of two. This
arrangement of signal paths allows a very efficient and
simple selection between differing latencies. Of course,
other logical means may be used to choose which
PIPECNTDEL follows which PIPECNT. For example,
combinatorial logic such as NAND or NOR gates may
be used to select signals in a similar manner.

[0056] Once the appropriate signal has reached node
N28, N29 or N30, it is then advanced through the re-
mainder of the circuit using another set of multiplexors
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(formed from transistor pairs 514/516, 518/520, and
522/524), the timing controlled by the timing signal
COUNTDEL. This timing signal is designed to assert the
next PIPECNTDEL signal and to deassert the previous-
ly asserted PIPECNTDEL signal at an appropriate time
after a read request has been made of the memory. In
the preferred embodiment, these signals transition
slightly before data arrives on the I/O lines. When oper-
ated at high frequencies, accurate timing is absolutely
essential. The following circuitry provides the accurate
timing required for this system. One specific embodi-
ment of a timing circuit 600 for generatinga COUNTDEL
signal is shown in Fig. 9.

[0057] The PIPECNTDEL signals, used to steer 1/O
data into the various branches of circuit 200 (Fig. 2), re-
quires accurate timing. This timing must be coordinated
to occur in conjunction with the negative data pulses on
the 1/O lines. When a column decoder output (of a
DRAM) is selected, access transistors couple bit and
bit# lines of the selected column to local I1/O and I/O#
lines which had been previously equilibrated to the
same voltage. One of the bit or bit# lines is high and the
other is low. The resulting differential conduction to
nodes at different voltages causes a differential voltage
to be slowly developed between the true and compli-
ment local I/O lines. After sufficient analog signal is de-
veloped, a dynamic differential sense amplifier 622
strobes the data represented by this differential voltage.
The sense amplifier strobe is a narrow pulse, causing
the sense amplifier to output a narrow negative pulse
on either the true or compliment (global) 1/O line, de-
pending on the polarity of the differential voltage re-
ceived from the local /O and I/O#. It is important to wait
long enough before strobing the sense amp to have suf-
ficient signal for reliable operation. Yet it is important to
not wait longer than necessary as this would add to the
address access time of the memory. To achieve accu-
rate sense amp strobe timing, this timing is made to fol-
low, as closely as practical, a fixed delay after assertion
of the selected column, the signal that causes the local
I/O differential signal to develop. In one specific embod-
iment, this fixed delay is controlled using a circuit 600.
[0058] The timing circuit 600, in one specific embod-
iment, accepts eight predecoder outputs, GYAO0-GYA?7,
which are OR'd together in a logical NOR circuit consist-
ing of four NOR gates 602-608, two NAND gates 610,
612 followed by a single NOR gate 614. Those skilled
in the art will realize that it is not practical to OR the out-
puts of the many column decoders to generate the
sense amp strobe timing signal. It is, however, practical
to OR together one set of eight one-of-eight predecode
outputs, one of which pulses high slightly before the final
column decoder output pulses high. Those skilled in the
art will also recognize that a logical NAND circuit may
also be used to detect the signal in the predecode lines
if the selected line pulses low instead of high.

[0059] When any of the global Y-addresses pulses
high, the output of one of the NOR gates 602-608 pulses

10

15

20

25

30

35

40

45

50

55

11

low, causing either NAND gate 610 or 612 to pulse high
thereby forcing NOR gate 614 to produce a low pulse
output. Prior to this, the output of NOR gate 614 had
been high and the output of inverter chain 616 had been
low. Thus when the output of NOR gate 614 transitions
low, for a short period (equal to the delay of inverter
chain 616), NOR gate 618 outputs a high pulse. This
pulse may be, e.g., a 1 ns wide pulse. This narrow pulse
is chosen to permit a narrow data pulse on the I/O lines.
The narrow data pulse on the 1/O lines improves timing
margins as will be discussed. The leading edge of this
pulse may occur four logic delays after assertion of one
of the predecoder inputs, approximately coincident with
the assertion of a final column decode.

[0060] The positive pulse on the output of COUNT-
DEL is buffered and logically selected to strobe only se-
lected sense amps of selected memory arrays by buffer
and selection logic 620. Since the sense amplifier strobe
is asserted by the same signal (one of GYAO-GYA7) that
asserts a column, its timing relative to column selection
is very good. The sense amplifier strobe signal is gen-
erated about 2.5 ns after the column is asserted to allow
time for the differential signal to develop. After the delay
of the sense amplifier and its output buffer, a 2 ns wide
negative data pulse on either the true or compliment
(global) I/0 line occurs approximately 4 ns after the pos-
itive pulse on COUNTDEL.

[0061] As previously discussed, the PIPECNTDEL
signals must be advanced with very accurate timing. To
achieve the required timing accuracy, two separate con-
cepts are employed. First, the data on the 1/0 occurs as
a pulse as shortin duration as possible. This short pulse
maximizes the window of time during which PIPECNT-
DEL can be incremented without incurring errors. This
window is 3 ns wide for a 2 ns pulse and a 5 ns cycle
time. If the sense amplifier were to instead output a logic
level (as contrasted to a pulse), the PIPECNTDEL would
have to increment at exactly the same time as the data
increments, leaving no margin for error. And secondly,
the same COUNTDEL signal that sets the sense amp
strobe timing (generating the negative pulse on either I/
O or I/O#) is also used to set the timing of the advance
of the PIPECNTDEL signals. Of course, a signal other
than COUNTDEL could be used. What is important for
proper steering of the data is that the same signal be
used to both generate the 1/O pulse and to advance the
PIPECNTDEL.

[0062] Referring again to Fig. 8, it is seen that the
COUNTDEL pulse is used to operate NAND gate 444.
If a latency of one has not been selected and if the
COUNTDEL signal pulses high, NAND gate 444 will out-
put a negative pulse, which is then inverted by inverter
446. Thus, a positive pulse of perhaps 1 ns duration is
generated at the output of inverter 446. This positive
pulse causes the multiplexors formed from transistor
pairs 514/516, 518/520 and 522/524 to propagate the
data from nodes N28-N30 through to become signals
PIPECNTDEL1, 2, or 0. That is, if PIPECNTDELDO is to
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be asserted low, a logic zero will be output from NAND
gate 512, propagated (at a specific time) through the
multiplexor formed from transistors 522 and 524,
latched by inverter latch 540/542, buffered by inverters
542-560, and output as PIPECNTDELO. The total delay
from COUNTDEL to PIPECNTDELO (or PIPECNTDEL1
or 2) is about 2.5 ns. This is the delay through NAND
gate 444, inverter 446, NMOS transistor 522, and invert-
ers 542, 556, 558, and 560. This 2.5 ns delay is specif-
ically chosen to be less than the 4.0 ns delay from
COUNTDEL to the leading edge of the narrow I/O data
pulse. The PIPECNTDEL signals are thus incremented
slightly before the I/O lines pulse low. The PIPECNTDEL
signals are of relatively long duration and remain valid
for a full clock cycle time. This serves to create a window
within which the I/O pulse can arrive.

[0063] The timing at the various nodes of one specific
embodiment of the circuit 440 of Fig. 8 may be summa-
rized as follows. PIPECNTO, 1, 2 advance quickly after
each rising edge of a clock. Multiplexors 452/454 etc.,
are enabled about 3.3 ns after the rising edge of the
clock. The outputs of NAND gates 504-512 increment
about 1.2 ns after the multiplexors 452/454 etc. are en-
abled, or about 4.5 ns after the rising edge of the clock.
In a separate path, signal COUNTDEL pulses positive,
rising approximately 6 ns after assertion of the clock,
and falling 1 ns later. Inverter 446 outputs a positive 1
ns wide pulse starting 6.5 ns after the clock. At this time,
multiplexors 514/516 etc. are enabled to pass the data
from NAND gates 504, 508, 512 that became valid 2.0
ns earlier (4.5 ns after the clock). Finally the PIPECNT-
DEL outputs increment 2 ns after multiplexors 514/516
etc. are enabled, 8.5 ns after the clock. Most importantly,
they increment 1.5 ns before arrival of the 2 ns wide |/
O pulse. For a 5 ns cycle time the PIPECNTDEL signal
increments again 5 ns later, or about 1.5 ns after the end
of the 2 ns-wide data pulse. Thus, at 5 ns cycle time,
each PIPECNTDEL is valid, asserted or deasserted, for
a full 1.5 ns on both sides of an I/O data pulse to properly
steer /O data. The narrow 2 ns wide data pulse maxi-
mizes this 1.5 ns timing margin. This pulse is 2 ns wide
rather than perhaps 1 ns wide due to the rather slow rise
and fall times at the far end of a resistive 1/O line. Sim-
ilarly, the output of inverters 504-512 are valid a full 2 ns
on both sides of the 1 ns wide pulse at the output of
inverter 446. The arrival of the data at the outputs of
NAND gates 504, 508, 512 could therefore be early or
late by 2 ns with no change in the timing of PIPECNT-
DEL. These margins allow coordination of the timing of
the PIPECNTDEL signals, and also make this method
of pipelining practical.

[0064] In one specific embodiment of the circuit 440
of Fig. 8, a read signal may be used to disable the out-
puts of NAND gates 504, 508, and 512. That is, if the
read cycle is not active, a low signal placed on signal
line READ will ensure that all of the NAND gates 504,
508 or 512 output a logic one. No PIPECNTDEL signals
will be asserted low, and, thus, no power will be con-
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sumed switching these signals.

[0065] Referring now to Fig. 10, one specific embod-
iment of a reset circuit 630 according to the present in-
vention is shown. The pipeline reset circuit 630 is em-
ployed to generate the RESETO0-2 signals which are in-
put to the steering circuit 200 of the present invention.
The RESETO signal (positive pulse) will reset nodes
NO1 and NO4 of circuit 200 (Fig. 2) low and node N013
high. This reset for branch 0 occurs early in the cycle
following the cycle outputting data from branch 0. That
is, it occurs immediately after branch 0 is no longer se-
lected for output, early in the cycle selecting branch 1
for output. But the RESET pulse terminates before new
data is steered into branch 0 from I/O or I/O#. Circuit
630 is driven by clock signal clkt2 which, as previously
described, outputs a positive pulse early in the cycle.
Delay is added by an inverter chain 644. The number of
inverters of the chain is selected to ensure that the reset
signals are generated after the pipecount has advanced
to the next count. For example, storage nodes NO1 and
NO4 of circuit 200 of Fig. 2 need to be reset low at some
point after PIPECNTO is unselected but the reset must
terminate before new data is steered by PIPECNTDELO
to set node NO1 or NO4 high. In one specific embodi-
ment, the reset circuit 630 is coordinated such that the
positive pulse at the output of inverter string 644 occurs
perhaps 3 ns after receipt of the clock. At this time, one
of the signals PIPECNTO, 1 or 2 will have just been se-
lected high. Thus, the output of one of the NAND gates
632-636 will pulse low. For example, if PIPECNT1 has
just been selected high, NAND gate 632 will output a
low pulse and RESETO will output a high pulse, this
pulse terminating before new data is steered into branch
0. The other RESET signals (1 and 2) do not produce a
reset pulse this cycle. In a similar fashion, the selection
of a PIPECNT2 signal will lead to the generation of a
RESET1 signal and the selection of a PIPECNTO signal
will produce a RESET2 signal. The relative timing of
generation of the RESET signals may be modified. How-
ever, each RESET signal must occur after its branch is
no longer selected for output and terminate before new
data arrives at its branch.

[0066] When a latency of 1 has been selected, invert-
er 631 provides a low output and each RESETO0-2 will
have a high output. In this case, all nodes NO1, N0O2,
NO3, N04, NO5, and NO6 of disabled circuit 200 of Fig.
2 remain reset low. No reset signals change voltage,
thereby conserving power.

[0067] Most memory circuits have a requirement that
the outputs be open circuited at times, for example,
when other similar memory chips in parallel with this
chip are selected. The logic to determine whether a giv-
en clock cycle is to output data, or is to provide an open
circuit condition, is known to those skilled in the art. For
the purpose of the present invention, it is necessary that
this information become valid before the start of the cy-
cle in which it is to take effect. A signal, called OUTEN
(output enable), when asserted (high) at the end of a
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cycle causes the next valid data to be output on the next
clock as already described. However, if disabled, OUT-
EN causes the outputs to quickly open circuit upon re-
ceipt of the next clock. To achieve an open circuit output,
OUTOFF in circuit 300 of Fig. 6 is asserted high. This
high level is inverted by inverter 302 to produce a low
input to PHOS transistor 304. This pulls node PULLUP
high, turning off output PMOS transistor 314. The high
level on OUTOFF turns on NMOS transistor 316 to pull
node PULLDN low, turning off output NMOS transistor
318. With transistors 314 and 318 off, the output is open
circuit.

[0068] Tosave power, itis necessary that no transistor
tries to pull PULLUP low or PULLDN high during this
output disable cycle. Returning momentarily to circuit
200 of Fig. 2, when PIPECNT advances (say from
PIPECNTO to PIPECNT1) PIPECNT1 quickly selects
high turning off PMOS transistors 230A and 244A of
branch 0 and PIPECNTO quickly deselects low turning
off NMOS transistors 234A, 226A and 240A also of
branch 0. That is, the previously selected branch 0 of
circuit 200 is prevented from continuing to pull PULLUP
low or PULLDN high. But it is further required that no
data from branch 1, during PIPECNT1 selection, tries to
pull PULLUP low or PULLDN high during this output dis-
able cycle. This is achieved by maintaining PCNT1 low
during this output disable cycle even though PIPECNT1
is selected high. PIPECNT1 must be selected high to
turn off PMOS transistors 230A and 244B of the previ-
ously selected branch as just described. In a cycle with
an open circuit output, all PCNT0-2 are low even though
one of signals PIPECNTO-2 is selected high.

[0069] The PCNTO-2 signals are derived from the
PIPECNTO-2 signals in circuit 650 of Fig. 11. As will be
discussed, if OUTEN is high at the end of one cycle,
signals PCNTO0-2 will follow signals PIPECNTO-2 re-
spectively high on the next clock. This provides the op-
eration previously described for a latency greater than
one. However, if OUTEN is low at the end of one cycle,
signal PCNTO-2 will remain low when its corresponding
signal PIPECNTO-2 is selected high the following cycle.
[0070] Atthe end of a cycle in which PIPECNTO is se-
lected high, OUTEN is either high or low to respectively
enable or disable the output for the following cycle. If
OUTEN is low and PIPECNTO is high, transistor 668
overpowers small inverter 674 and pulls node N42 low.
At this time NMOS transistor 672 is off, and inverter 676
drives node N43 high. Inverters 674 and 676 latch and
maintain this condition after PIPECNTO transitions low.
If, instead, OUTEN is high with PIPECNTO high, NMOS
transistors 670 and 672 are both on, overpowering in-
verter 676 and pulling node N43 to ground. Inverter 674
drives node N42 high, latching and maintaining this con-
dition after PIPECNTO transitions low. Thus, when
PIPECNTO goes low at the next clock, the latch com-
prised of inverters 674 and 676 can no longer change
state but instead maintains the data representative of
the value of OUTEN just prior to PIPECNTO switching
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low.

[0071] If OUTEN was low when PIPECNTO transi-
tioned low (to disable the output when PIPECNT1 was
asserted) node N42 is low and N43 is high. with N42
low, NMOS transistor 678 is off and with N43 high,
PMOS transistor 680 is also off. Therefore, there is no
connection between PIPECNT1 and PCNT1. At the
same time, with N43 high, NMOS transistor 688 is on,
keeping PCNT1 low. Thus with OUTEN low at the end
of the preceding cycle, PCNT1 does not follow
PIPECNT1 high in the following cycle, so no new data
appears from branch 1 at the output of circuit 200 (Fig.
2). As PIPECNT1 goes high, other circuits not shown
drive OUTOFF of circuit 300 (Fig. 6) high. This drives
PULLUP high and PULLDN low to open circuit the out-
put.

[0072] If, on the other hand, OUTEN is high at the end
of the previous cycle (when PIPECNTO was high), then
node N42 is high and node N43 is low (Fig. 11). In this
case, transistors 678 and 680 are on and transistor 688
is off. Therefore, PCNT1 follows PIPECNT1 high, and
at the end of the next cycle, follows PIPECNT1 low
(PIPECNTO still being low). With PCNT1 selected high,
the data from the set storage node NO2 or NO5 of circuit
200 (Fig. 2) drives nodes PULLUP and PULLDN both
up or both down to output data. In a similar manner, PC-
NTO and 2 either do or do not follow PIPECNTO and 2,
respectively, when they are selected.

[0073] Thus, circuit 650 offers an efficient and com-
pact circuit for either enabling a branch of circuit 200 to
provide output data when its PIPECNT signal is selected
or for disabling the branch when its PIPECNT signal is
selected.

[0074] While the above is a complete description of a
particular embodiment of the present invention, various
modifications may be employed. For example, the sys-
tem may be provided with another circuit branch, allow-
ing production of output from a memory system with a
latency of from one to four. Further still, the circuitry de-
scribed herein may be replicated to support any of a
number of latencies. The pipeline may be used in con-
junction with a number of synchronous memory prod-
ucts. The circuit could be adapted to function with active
low or active high signals. The circuit could also be
adapted to be positive and/or negative edge triggered.
Although specific channel widths have been set forth in
several instances, these parameters have merely been
intended as relating to one specific embodiment accord-
ing to the present invention. Those skilled in the art, up-
on reading this disclosure, will be able to vary channel
widths and transistor types to suit a particular need.
[0075] Accordingly, the disclosure of the invention is
intended to be illustrative, but not limiting, of the scope
of the invention which is set forth in the following claims.
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Claims

A method for generating the timing for strobing a
sense amplifier (622) in a memory having a number
of predecode lines (GYAO0-GYA7), the method com-
prising the steps of

detecting a data pulse on any of said number
of predecode lines (GYAO-GYA7);

generating a strobe signal pulse of shorter du-
ration than said data pulse; and strobing said sense
amplifier (622) to generate an output signal (1/0,
1/0#).

The method of claim 1, wherein said output signal
(1/0, 1/0#) is a pulse.

The method of claim 2, wherein the output signal
pulse is of shorter duration than the memory cycle
time.

The method according to any one of the claims 1 to
3, wherein a subset of said predecode signals are
input to a logical NOR (602 - 608) or NAND (610,
612) circuit.

Patentanspriiche

1.

Verfahren zum Erzeugen des Takts zum Takten ei-
nes Leseverstarkers (622) in einem Speicher, der
mehrere Vordecodierungsleitungen (GYAO-GYA7)
besitzt, wobei das Verfahren die folgenden Schritte
umfaft:

Erfassen eines Datenimpulses auf einer der
mehreren Vordecodierungsleitungen
(GYAO-GYATY);

Erzeugen eines Taktsignalimpulses mit einer
Dauer, die kirzer als jene des Datenimpulses
ist; und

Takten des Leseverstarkers (622), um ein Aus-
gangssignal (1/0, 1/0#) zu erzeugen.

Verfahren nach Anspruch 1, bei dem das Aus-
gangssignal (1/0, 1/0#) ein Impuls ist.

Verfahren nach Anspruch 2, bei dem der Ausgangs-
signalimpuls eine Dauer besitzt, die kirzer als die
Speicherzykluszeit ist.

Verfahren nach einem der Anspriiche 1 bis 3, bei
dem eine Untermenge der Vordecodierungssignale
in eine logische NOR-Schaltung (602-608) oder in
eine logische NAND-Schaltung (610, 612) eingege-
ben werden.
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Revendications

Procédé pour réaliser la synchronisation pour le dé-
clenchement par impulsion d'un amplificateur de
détection (622) d'une mémoire présentant une plu-
ralité de lignes de prédécodage (GYAO a GYA7), le
procédé comprenant les étapes de:

détection d'une impulsion de données de I'une
quelconque des lignes de prédécodage (GYAOQ
a GYA7) ;

production d'une impulsion de signal de dé-
clenchement d'une durée plus courte que ladite
impulsion de données ; et

déclenchement par impulsion dudit amplifica-
teur de détecteur (622) afin de produire un si-
gnal de sortie (1/0, 1/0#).

Procédé selon la revendication 1, dans lequel ledit
signal de sortie (1/0, 1/0#) est une impulsion.

Procédé selon la revendication 2, dans lequel I'im-
pulsion de signal de sortie est d'une durée plus
courte que le temps de cycle de mémoire.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel un sous-ensemble des signaux
de prédécodage est entré sur un circuit logique
NON-OU (602 a 608) ou NON-ET (610, 612).
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