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METHOD AND APPARATUS FOR 
GENERATING A PULSE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

This invention relates to clocked integrated circuits, and 
more particularly, to a method and apparatus to generate a 
pulse With minimal delay after receiving a trigger signal. 

BACKGROUND OF THE INVENTION 

Clock signals are used by a Wide variety of digital circuits 
to control the timing of various events occurring during the 
operation of the digital circuits. For example, clock signals 
are used to designate When command signals, data signals, 
and other signals used in memory devices and other com 
puter components are valid and can thus be used to control 
the operation of the memory device or computer system. For 
instance, a clock signal can be used to develop sequential 
column addresses When an SDRAM is operating in burst 
mode. 

Generating a signal using a clocked signal as an input can 
be dif?cult to coordinate. Some of the signals generated may 
need to be timed to either a rising or falling edge of a clock 
signal, or may become operative only after a given number 
of clock cycles. Many circuits have been created to coordi 
nate these signals With clock signals, With varying degrees 
of success. One of the problems With generating signals 
from a clock signal is a time delay caused by additional 
circuitry needed for the coordination. Each component used 
in a circuit (logic gate, buffer, ampli?er, etc.) introduces a 
time delay When producing a signal. Capacitive loading, 
internal resistance, and other factors cause this delay. To 
keep the delay caused by additional components to a 
minimum, circuits using a clocked signal to help generate 
other signals should be made With as feW components as 
necessary. As memory speeds, bus speeds, and processor 
speeds increase, it becomes even more important to mini 
miZe or eliminate delays in clocked signal generation cir 
cuits. 
An example of a circuit that uses a clocked signal as an 

input to generate other signals is shoWn in FIG. 1. A signal 
generation circuit 10 includes a NAND gate 40 receiving a 
clock input signal CLK from a circuit input terminal 20. The 
NAND gate 40 also receives an inverted, delayed clock 
signal IDCLK that is produced by coupling the clock signal 
CLK through an inverter 32 and a delay circuit 34. To be 
operational, the NAND gate 40 requires a logic 0 or LOW 
signal to be asserted at an inverted enable input 46. In 
conventional circuits, the LOW signal is typically at 0 volts 
and the HIGH signal is at 5 volts, 3.3 volts or some other 
voltage, depending on the circuit. A column signal COL is 
received at a circuit input terminal 22 and then inverted at an 
inverter 36. A HIGH COL signal coupled through the 
inverter 36 enables the NAND gate 40. As further discussed 
beloW, there is a delay time betWeen the times When the 
signal is received at the input of a logic gate and When the 
signal is produced at the output of the logic gate. 

The signal generation circuit 10 produces an Input/Output 
pull-up, or IOPU signal at a circuit output terminal 60 based 
on the CLK, IDCLK and COL signals. When the clock 
signal CLK goes HIGH, the output of the delay circuit 34 
remains HIGH for a short delay period, thereby causing the 
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2 
NAND gate 40 to output a LOW pulse signal P1. After the 
delay of the delay circuit 34, the output of the delay circuit 
goes LOW, thereby causing the output of the NAN D gate 40 
to go HIGH, thereby terminating the pulse signal P1. The 
pulse signal P1 generated at the NAND gate output is 
delayed by a delay circuit 52 and then inverted three times 
at inverters 54, 56, and 58, respectively. The IOPU signal 
generated by the inverter 58 is coupled to the circuit output 
terminal 60. This signal is used in a data path of a memory 
circuit to restore I/O lines to a desired voltage betWeen data 
access cycles. 
The operation of the signal generating circuit 10 Will be 

described With reference to the timing diagram of FIG. 2. 
Assuming, for illustration, that the COL signal is alWays in 
a HIGH state, generating the pulse signal P1 is controlled 
only by the CLK and IDCLK signals received at the NAND 
gate 40. Before the time t0, the CLK signal has been at a 
LOW state for some time period; IDCLK Will be HIGH by 
virtue of the inverter 32. Since the NAND gate 40 has one 
LOW and one HIGH input, the output of the NAND gate 40 
is also HIGH, shoWn as trace P1 in FIG. 2. At time t0, the 
CLK signal changes from the LOW state to a HIGH state. As 
stated above, because of capacitance, resistance, and other 
factors Within a logic device, there is a delay betWeen the 
time a signal is presented on the input to the logic device and 
When a signal is generated at the output of the logic device. 
This propagation delay can vary from one logic device to 
another based on such factors as the number of inputs, the 
siZe of transistors Within the logic gates and other factors. 
For convenience, one standard propagation delay period for 
all logic devices is assumed. 

Immediately after the CLK switches from a LOW to 
HIGH at time t0, the signal received at the NAND gate 40 
also changes to HIGH. As explained beloW, the other NAN D 
gate 40 input still retains the HIGH signal it Was receiving 
prior to the time the clock signal changed. Since both inputs 
are HIGH, the NAND gate 40 Will generate a LOW output 
signal. HoWvever, due to the logic gate propagation delay of 
the NAND gate 40, the pulse signal P1 remains HIGH until 
time t1. At time t1, the logic gate propagation delay has 
elapsed and the pulse signal P1 falls from HIGH to LOW. 
This logic gate propagation delay for the NAND gate 40 is 
shoWn on the P1 trace, labeled as Igpd40. 

After the rising CLK edge at time t0, the CLK signal 
begins propagating through the inverter 32 and the delay 
circuit 341 to generate the IDCLK signal. First, a logic gate 
propagation delay exists When passing through the inverter 
32. Next, the inverted CLK signal is delayed by the delay 
circuit 34, Which has been added to postpone the CLK signal 
change. The time delay of delay circuit 34 is determined by 
the design engineer and built into the integrated circuit. This 
delay Will ultimately select the length of the pulse signal P1. 
The logic gate propagation delay caused by the inverter 32 
is shoWn as Igpd32 on trace IDCLK, While the time delay 
due to the delay circuit 34 is shoWn as td34. Once the CLK 
signal has passed through the inverter 32 and the delay 
circuit 34 at time t5, the IDCLK signal changes from HIGH 
to LOW. When IDCLK falls to a LOW signal at time t5, the 
NAND gate 40 has one HIGH input and one LOW input. 
This causes the NAND gate 40 to output a HIGH signal. 
FolloWing another logic gate propagation delay for the 
NAND gate 40, the pulse signal P1 is pulled HIGH and the 
pulse is complete. This second propagation delay is also 
shoWn on trace P1. 

The pulse signal P1 created at the output of the NAND 
gate 40 is de?cient for use as an IOPU. First, the pulse signal 
P1 is a negative pulse beginning HIGH, falling LOW and 
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then pulled back HIGH. The IOPU signal requires the 
opposite orientation. Second, the output pulse signal P1 
lacks the driving capability needed by the circuit. The loW 
driving capacity pulse signal P1 has a relatively shalloW 
slope When compared to the steep slope of the high driving 
capacity CLK signal. Because of these de?ciencies, the 
output pulse signal P1 must be inverted and buffered before 
it can be used as an IOPU signal. 

After the pulse signal P1 is generated by the NAND gate 
40, the delay circuit 52 delays it. This delay circuit is 
necessary to coordinate the IOPU signal With other signals 
generated in the signal generating, circuit 10, for instance, 
CDEn at a circuit output terminal 62 and CDEiR at a circuit 
output terminal 64. These other signals are generated Within 
the signal generating circuit 10 by circuitry generally labeled 
as 50. The added delay from the delay circuit 52 is shoWn in 
FIG. 2 on the I1 trace. The trace for I1 parallels trace P1, 
eXcept that I1 trails the P1 trace by the time delay created by 
the delay circuit 52. 

The signal I1 neXt propagates to the inverter 54, the output 
of Which is shoWn as trace I2 in FIG. 2. The signal I2 output 
by the inverter 54 is inverted compared to the signal I1. The 
trace for I2 also differs from that of I1 in that it trails by 
another logic gate propagation delay ascribed to the inverter 
54, labeled as Igpd54. The inverter 54 also buffers the signal, 
seen by the sharper pull-up curves from LOW to HIGH 
beginning at time t3. The signal I2 has the correct orientation 
to become the IOPU signal, but still lacks enough drive 
capacity. A convenient Way to buffer a signal While retaining 
its original orientation is to pass the signal through tWo 
inverter circuits. The signal I2 is then propagated to inverter 
56 shoWn as trace I3. FolloWing the logic gate propagation 
delay for the inverter 56 shoWn on trace I3, the signal is 
again inverted and buffered. Finally, the signal I3 is propa 
gated through the inverter 58, shoWn as a trace IOPU. Again, 
after the standard logic gate propagation delay for inverter 
58, the signal is inverted and buffered. The signal IOPU at 
circuit output terminal 60 has the desired orientation and has 
sufficient driving poWer to be used as the Input/Output 
pull-up signal. 

Given today’s demand for faster memory circuits, there is 
a need to develop signal generation circuitry Which can 
generate an IOPU signal of the correct orientation and drive 
capacity With feWer delays due to logic gates than the current 
state of the art. 

SUMMARY OF THE INVENTION 

Apulse generation circuit comprises a passgate adapted to 
receive a trigger or periodic signal, a gating circuit for 
controlling the passgate, and a reset circuit that ends the 
pulse and prepares it for the neXt cycle. Once the gating 
circuit receives control signals indicating a pulse is to be 
generated, the passgate is opened and Waits for the neXt edge 
of the trigger signal. The trigger signal is passed through the 
passgate producing a signal at a passgate output terminal. 
The gating circuit then closes the passgate so the trigger 
signal no longer propagates through the passgate although 
the signal remains at the passgate output until the reset 
circuit couples the passgate output terminal to a voltage, and 
completes the pulse. 

In one embodiment, the pulse generated in the pulse 
generation circuit is ampli?ed using serially coupled invert 
ers to become an Input/Output pull-up signal. 

In another embodiment, the pulse generation circuit gen 
erates a positive pulse When a rising edge of the trigger 
signal is received, and the reset circuit couples the passgate 
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output terminal to a ground voltage at the end of the 
generated pulse. 

In yet another embodiment, the gating circuit changes the 
passgate from a passing state to a blocking state When the 
gating circuit receives a control signal derived from the 
trigger signal. 

In still yet another embodiment, the gating circuit changes 
the states of the passgate based on a control signal derived 
from the output of the passgate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a conventional signal 
generation circuit used to produce an Input/Output pull-up 
signal. 

FIG. 2 is a timing diagram of various signals during 
operation of the signal generation circuit of FIG. 1. 

FIG. 3 is a schematic diagram of a signal generation 
circuit including a passgate circuit according to one embodi 
ment of the present invention. 

FIG. 4 is a timing diagram of various signals during 
operation of the signal generation circuit of FIG. 3. 

FIG. 5 is a block diagram of a synchronous dynamic 
random access memory including the pulse generation cir 
cuit of FIG. 3. 

FIG. 6 is a block diagram of a computer system including 
the synchronous dynamic random access memory of FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

One embodiment of a signal generating circuit 110 in 
accordance With the invention is illustrated in the schematic 
diagram of FIG. 3. The signal generating circuit 110 includes 
some of the same components as the signal generation 
circuit 10, shoWn in FIG. 1. Identical components of the 
signal generating circuits 10 and 110 have been given the 
same reference numbers, and for the sake of brevity, Will not 
be described in further detail. The signal generation circuit 
110 includes a passgate 120 accepting the CLK signal at an 
input terminal 121. The passgate 120 receives a passgate 
control signal PSCNT* at a non-inverting input 122b and 
through an inverter 124 at an inverting input 122a. The 
passgate 120 passes the CLK signal to an output terminal 
123 When enabled by a LOW PSCNT* signal, and blocks the 
CLK signal from passing When not enabled by a HIGH 
PSCNT* signal. 

Another passgate 160 passes or blocks a bank signal 
BANK received from a circuit input terminal 21. The 
passgate 160 is controlled by the COL signal, Which is 
directly applied to a non-inverting input, and applied 
through an inverter 25 to an inverting input. The passgate 
160 thus passes the BANK signal only When the COL signal 
received from the circuit input terminal 22 is HIGH. The 
resulting LOW signal at the output of the inverter 25 is 
applied to a gate of an NMOS transistor 23, keeping it OFF. 
Because the transistor 23 is OFF, a BANKPASS signal 
passed through the passgate 160 is isolated from a ground 
voltage. 

During the time period When the IOPU signal is generated 
by the signal generator circuit 110, both the COL signal and 
the BANK signal are held HIGH. Since this causes the 
BANKPASS signal to be held HIGH, an NMOS transistor 
134 is turned ON, coupling the source of an NMOS tran 
sistor 132 to ground. If the BANKPASS signal Was LOW, 
the transistor 134 Would be OFF and a PMOS transistor 130 
Would be ON, keeping the output P2 of the passgate 120 at 
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a voltage Vcc. When the BANKPASS signal is HIGH, the 
transistor 134 is ON While the transistor 130 is OFF. Thus, 
the signal PSCNT*, coupled to the gate of the transistor 132 
determines Whether the signal P2 folloWs the CLK signal, or 
is coupled through the transistors 132 and 134 to ground. 
When the signal PSCNT* is LOW, transistor 132 is OFF 
and, since the passgate 120 is in the passing state, the signal 
P2 Will be at or near the same level as the CLK signal. When 
PSCNT* goes HIGH, transistor 132 turns ON, pulling the 
signal P2 to ground. 

In an alternative embodiment, the signal generating cir 
cuit 110 includes passgate control circuitry 156 coupled 
betWeen the output of the passgate 120 and the non-inverting 
input 122b of the passgate 120. In this embodiment, circuitry 
eXists to control the operation of the passgate 120 based on 
its output. For instance, the passgate control circuitry 156 
can enable the passgate 120 to pass the CLK signal. When 
the clock signal goes HIGH and pulls the signal P2 HIGH, 
the passgate control circuitry 156 can then disable the 
passgate by generating a HIGH signal for PSCNT*. After 
the passgate control circuitry 156 disables the passgate 120, 
the control circuitry then reenables the passgate for another 
cycle. 

Control signals CDEn and CDEiR are also generated 
using the pulse signal P2 as an input. To generate the signal 
CDEn, the pulse signal P2 and a redundant column signal 
REDCOL received at a circuit input terminal 24 are com 
bined at a NOR gate 170. The signal is then tWice ampli?ed 
through a pair of inverters 172 and 174 before being output 
at a circuit output terminal 62. This signal is then used in 
other parts of the memory circuit, such as controlling the 
timing of a column select signal (CSEL) in a column 
decoder circuit of an SDRAM. The signal CDEiR is 
generated by combining the pulse signal P2, after it has been 
inverted through an inverter 176, With the signal REDCOL 
in a NAN D gate 178, delayed through a delay gate 180 and 
inverted by an inverter 182. The signal CDEiR is then 
output at a circuit output terminal 64. The signal CDEiR is 
also used in generating the CSEL signal and other signals in 
an SDRAM memory circuit. 

The operation of signal generating circuit 110 Will noW be 
eXplained in conjunction With the signal timing diagram 
shoWn in FIG. 4. Before the time t0, the CLK has been stable 
at a LOW signal for some time period. The signal IDCLK 
applied to a NAND gate 150 is HIGH by virtue of the 
inverter 32. As discussed above, BANKPASS is assumed 
HIGH during the IOPU signal generation. Since both of the 
inputs 152 and 154 are HIGH, the passgate control signal 
PSCNT* at an output of the NAN D gate 150 is LOW, shoWn 
as a trace PSCNT* on FIG. 4. This LOW PSCNT* signal 
places the passgate 120 in the passing state. 

The CLK signal has a rising edge at time t0. Since the 
passgate 120 remains in a conducting state, a pulse signal P2 
at the output 123 of the passgate 120 immediately begins to 
rise as shoWn in the P2 trace. IDCLK remains HIGH due to 
the logic gate propagation delay of CLK through the inverter 
32 and the negative edge CLK delay at the delay gate 34, as 
shoWn on the IDCLK trace. Because the passgate 120 is 
enabled during these delay times, the CLK signal is con 
tinuously supplied to the output terminal 123. At t4, after the 
logic gate propagation delay of the inverter 32 and time 
delay of the delay circuit 34, IDCLK changes from HIGH to 
LOW. After the propagation delay of the NAND gate 150, 
the output signal PSCNT* changes from LOW to HIGH at 
t5. The passgate 120 then changes from the passing to the 
blocking state, and does not alloW the CLK signal to pass 
through it, even though the CLK signal remains HIGH at t5. 
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Since the delay time td34 shoWn on the IDCLK trace 
ultimately determines the length of the IOPU signal, the 
circuit design engineer siZes the delay time according to the 
needs of the circuit. After t5, the falling edge of the pulse 
signal P2 begins. As PSCNT* changes from LOW to HIGH 
at time t5, an NMOS transistor 132 turns ON, and since 
NMOS Transistor 134 is already on as discussed above, the 
output 123 of passgate 120 becomes coupled to the ground 
voltage. At time t5, because BANKPASS is high, PMOS 
transistor 130 is off, isolating the output 123 of the passgate 
120 from a Vcc voltage. By time t6, the transistors 132 and 
134 have completely pulled the pulse signal P2 to the ground 
voltage, ending the pulse signal P2. Unlike the pulse signal 
P1 generated by the signal generation circuit 10, the pulse 
signal P2 has the same orientation as IOPU. 

The pulse signal P2 begins ampli?cation shortly after its 
rising edge. The pulse signal P2 is delayed through the delay 
gate 52 before entering the input for the inverter 56. The 
time delay due to the delay gate 52 is shoWn as td52 in trace 
I1. At time t1, the rising pulse signal P2 arrives at an input 
to the inverter 56. The inverter 56 inverts the signal I1 after 
the standard logic gate propagation delay, shoWn on trace 12. 
At time t2, the signal I2 arrives at an input to the inverter 58. 
The inverter 58 inverts the signal I2 after the standard logic 
gate propagation delay, shoWn on trace IOPU. The output 
produced by the inverter 58 has the correct orientation and 
drive capacity for the IOPU signal. 

Referring back to FIG. 2, the time delay of the prior art 
circuit from the rising CLK edge until the rising edge of the 
IOPU signal included four logic propagation delays and one 
time delay (1gpd4+td52+1gpd54+1gpd56+1gpd58). In the 
embodiment of the invention shoWn in FIG. 3, the time delay 
from the rising edge of the CLK to the rising edge of the 
IOPE signal includes only tWo logic gate propagation delays 
and one time delay (td52+1gpd56+1gpd58). The embodi 
ment of the invention shoWn in FIG. 3 saves tWo logic 
propagation delay times because it uses the passgate 120. By 
using the passgate 120, the pulse signal P2 is created 
immediately upon the rising edge of the CLK signal, Without 
Waiting for the propagation delay through the NAND gate 
40, saving one propagation delay over the prior art circuit. 
Additionally, since the passgate creates the pulse signal P2 
in the same orientation as the desired IOPU signal, it need 
only be inverted tWice, rather than the three times, of the 
prior art saving the propagation delay of the inverter 54. 
A synchronous dynamic random access memory 

(SDRAM) 200 using the signal generation circuit 110 of 
FIG. 3 is shoWn in FIG. 5. The SDRAM 200 has a control 
logic circuit 202 receiving a clock signal CLK and a clock 
enable signal CKE. In the SDRAM 200, all operations are 
referenced to a particular edge of the clock signal CLK, 
typically the rising edge, as knoWn in the art. The control 
circuit 202 further includes a command decode circuit 204 
receiving a number of command signals on respective 
external terminals of the SDRAM 200. These command 
signals typically include a chip select signal @, Write enable 
signal W, column address strobe signal CAS, and roW 
address strobe signal RAS. Speci?c combinations of these 
signals de?ne particular data transfer commands of the 
SDRAM 200 such as ACTIVE, PRECHARGE, READ, and 
WRITE as knoWn in the art. An external circuit, such as a 
processor or memory controller, generates these data trans 
fer commands to read data from and to Write data to the 
SDRAM 200. 
The SDRAM 200 further includes an address register 206 

operable to latch an address applied on an address bus 208, 
and output the latched address to the control circuit 202, a 
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column address latch 210, and a roW address multiplexer 
212. During operation of the SDRAM 200, a bank address 
BA, roW address, and column address are sequentially 
latched by the address register 206 under control of the 
control circuit 202. In response to the latched bank address 
BA and roW address, the control circuit 202 controls the roW 
address multiplexer 212 to latch and output the roW address 
to one of a roW address latch 214 and 216. The roW address 
latches 214 and 216, When activated, latch the roW address 
from the roW address multiplexer 212 and output this latched 
roW address to an associated roW decoder circuit 222 and 
224, respectively. The roW decoder circuits 222 and 224 
decode the latched roW address and activate a corresponding 
roW of memory cells in memory banks 218 and 220, 
respectively. The memory banks 218 and 220 each include 
a number of memory cells (not shoWn) arranged in roWs and 
columns, each memory cell operable to store a bit of data 
and having an associated roW and column address. 
When a column address is applied on the address bus 208, 

the column address is latched by the address register 206 
under control of the control circuit 202, and output to a 
column address latch 210, Which latches the column address 
and in turn outputs the column address to a burst counter 
circuit 226. The burst counter circuit 226 operates to develop 
sequential column addresses beginning With the latched 
column address When the SDRAM 200 is operating in a 
burst mode. The burst counter 226 outputs the developed 
column addresses to a column address buffer 228, Which in 
turn outputs the developed column address to a pair column 
decoder circuits 230 and 231. The column decoder circuits 
230 and 231 decode the column address and activates one of 
a plurality of column select signals 232 corresponding to the 
decoded column address. The column select signals 232 are 
output to sense ampli?er and I/ O gating circuits 234 and 236 
associated With the memory banks 218 and 220, respec 
tively. Within each of the sense ampli?er and I/O gating 
circuits 234 and 236 is a signal generation circuit 110. This 
circuit is used to generate signals for accessing memory cells 
Within an addressed roW. The signal generation circuit 110 
further operates to generate a pull-up signal coupled to 
selected I/O lines during memory circuit operation. The 
sense ampli?er and I/O gating circuits 234 and 236 sense 
and store the data placed on the digit lines 235 and 237, 
respectively, by the memory cells in the addressed roW and 
to thereafter couple the digit lines 235 or 237 corresponding 
to the addressed memory cell to an internal data bus 238. 
The internal data bus 238 is coupled to a data bus 240 of the 
SDRAM 200 through either a data input register 242 or a 
data output register 244. A data mask signal DQM controls 
the circuits 234 and 236 to avoid data contention on the data 
bus 240 When, for example, a READ command is folloWed 
immediately by a WRITE command, as knoWn in the art. 

In operation, during a read data transfer operation, an 
external circuit, such as a processor, applies a bank address 
BA and roW address on the address bus 208 and provides an 
ACTIVE command to the command decode circuit 204. 
This applied address and command information is latched by 
the SDRAM 200 on the next rising edge of the external 
clock signal CLK, and the control circuit 202 thereafter 
activates the addressed memory bank 218 or 220. The 
supplied roW address is coupled through the roW address 
multiplexer 212 to the roW address latch 214 or 216 asso 
ciated With the addressed bank, and this roW address is 
thereafter decoded and the roW of memory cells in the 
activated memory bank 218 or 220 is activated. The sense 
ampli?ers in the sense ampli?er and I/O gating circuit 234 
or 236 sense and store the data contained in each memory 
cell in the activated roW of the addressed memory bank 218 
or 220. 
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The external circuit thereafter applies a READ command 

to the command decode circuit 204 including a column 
address on the address bus 208, both of Which are latched on 
the next positive-edge of the external clock signal CLK. The 
latched column address is then routed through the circuits 
210, 226, and 228 to the column decoder circuit 230 under 
control of the control circuit 204. The column decoder 230 
decodes the latched column address and activates the col 
umn select signal 232 corresponding to that decoded column 
address. In response to the activated column select signal 
232, the sense ampli?er and I/O gating circuit 234 or 236 
transfers the addressed data onto the internal data bus 238, 
and the data is then transferred from the internal data bus 
238 through the data output register 244 and onto the data 
bus 240 Where it is read by the external circuit. 

During a Write data transfer operation, after activating the 
addressed memory bank 218 or 220 and the addressed roW 
Within that bank, the external circuit applies a WRITE 
command to the command decode circuit 204 including a 
column address on the address bus 208 and data on the data 
bus 240. The WRITE command, column address, and data 
are latched respectively into the command decode circuit 
204, address register 206, and data input register 242 on the 
next positive-edge of the external clock signal CLK. The 
data latched in the data input register 242 is placed on the 
internal data bus 238, and the latched column address is 
routed through the circuits 210, 226, and 228 to the column 
decoder circuit 230 under control of the control circuit 204. 
The column decoder 230 decodes the latched column 
address and activates the column select signal 232 corre 
sponding to that decoded address. In response to the acti 
vated column select signal 232, the data on the internal data 
bus 238 is transferred through the sense ampli?er and I/O 
gating circuit 234 or 236 to the digit lines 235 or 237 
corresponding to the addressed memory cell. The roW con 
taining the addressed memory cell is thereafter deactivated 
to store the Written data in the addressed memory cell. 

Although the signal generation circuit 110 has been 
described as being used in the SDRAM 200, it Will be 
understood that it may also be used in other types of 
integrated circuits such as synchronous graphics RAM 
(SGRAM), video DRAM, etc. 

FIG. 6 is a block diagram of a computer system 300 
including the SDRAM 200 of FIG. 5. The computer system 
300 includes a processor 302 for performing various com 
puting functions, such as executing speci?c softWare to 
perform speci?c calculations or tasks. In addition, the com 
puter system 300 includes one or more input devices 304, 
such as a keyboard or a mouse, coupled to the processor 302 
to alloW an operator to interface With the computer system 
300. Typically, the computer system 300 also includes one 
or more output devices 306 coupled to the processor 302, 
such output devices typically being a printer or a video 
terminal. One or more data storage devices 308 are also 
typically coupled to the processor 302 to store data or 
retrieve data from external storage media (not shoWn). 
Examples of typical data storage devices 308 include hard 
and ?oppy disks, tape cassettes, and compact disk read-only 
memories (CD-ROMs). The processor 302 is typically 
coupled to the SDRAM 200 through a control bus, a data 
bus, and an address bus to provide for Writing data to and 
reading data from the SDRAM, and a clocking circuit (not 
shoWn) typically develops a clock signal driving the pro 
cessor 302 and SDRAM 200 during such data transfers. 

It is to be understood that even though various embodi 
ments and advantages of the present invention have been set 
forth in the foregoing description, the above disclosure is 
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illustrative only, and changes may be made in detail, and yet 
remain Within the broad principles of the invention. 
Therefore, the present invention is to be limited only by the 
appended claim. 
We claim: 
1. Apulse generation circuit for generating a pulse respon 

sive to a trigger signal having a ?rst and a second state, the 
pulse generation circuit comprising: 

a passgate circuit having an input terminal adapted to 
receive the trigger signal, the passgate circuit having a 
passing state When enabled and a blocking state When 
disabled; 

a gating circuit coupled to the passgate circuit, the gating 
circuit adapted to receive a ?rst control signal derived 
from the trigger signal, the gating circuit con?gured to 
enable the passgate responsive to the control signal 
during a period at least encompassing the transition of 
the trigger signal from the ?rst state to the second state; 
and 

a reset circuit coupled to the gating circuit and coupled to 
the passgate circuit, the reset circuit adapted to disable 
the passgate responsive to the control signal at a time 
subsequent to the transition of the trigger signal from 
the ?rst state to the second state. 

2. The pulse generation circuit of claim 1, further com 
prising an ampli?cation circuit con?gured to receive the 
pulse as an input and produce an Input/Output pull-up signal 
at an output terminal. 

3. The pulse generation circuit of claim 2 Wherein the 
ampli?cation circuit comprises a ?rst and a second inverter, 
serially coupled, the ?rst inverter coupled to the passgate 
circuit and adapted to accept the pulse at an input and 
produce an inverted and ampli?ed signal at an output, the 
second inverter adapted to accept the output of the ?rst 
inverter at an input and produce the Input/Output pull-up 
signal at an output. 

4. The pulse generation circuit of claim 1 Wherein the 
trigger signal is a periodic signal. 

5. The pulse generation circuit of claim 1 Wherein the 
pulse generated is a positive pulse, the ?rst state of the 
trigger signal is a LOW state, and the reset circuit couples 
the output terminal of the passgate circuit to a ground 
voltage When it disables the passgate. 

6. The pulse generation circuit of claim 1 Wherein the 
gating circuit further comprises: 

an inverter having an input terminal to receive the trigger 
signal and producing an inverted signal; 

a delay circuit coupled to the inverter, the delay circuit 
accepting the inverted signal at an input and passing it 
to an output after a pre-selected time delay; and 

a logic gate having a plurality of inputs and an output, the 
logic gate adapted to accept at least the signal passed 
from the delay circuit, the logic gate generating a gating 
signal to enable the passgate. 

7. The pulse generation circuit of claim 1 Wherein the 
control signal is derived from the generated pulse. 

8. A pull-up circuit to generate an Input/Output pull-up 
signal comprising: 

a passgate circuit adapted to pass a periodic pulse 
received at an input terminal to an output terminal 
responsive to an enable signal received at an enable 
terminal, and adapted to block the periodic pulse from 
being passed responsive to a disable signal received at 
the enable terminal; 

control circuitry coupled to the passgate circuit and 
adapted to receive a control signal derived from the 
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periodic pulse, the control circuitry generating the 
enable signal and the disable signal responsive to the 
control signal; 

a bias circuit coupled to the control circuitry and the 
passgate, the bias circuit adapted to bias the output 
terminal to a ?rst state responsive to the disable signal; 
and 

a rectifying circuit receiving the signal passed by the 
passgate circuit and converting it into the Input/Output 
pull-up signal. 

9. The pull-up circuit of claim 8 Wherein the rectifying 
circuit comprises a ?rst and a second inverter, serially 
coupled, the ?rst inverter coupled to the passgate circuit and 
adapted to accept the signal passed by the passgate circuit at 
an input and produce an inverted and ampli?ed signal at an 
output, the second inverter adapted to accept the output of a 
?rst inverter at an input and produce the Input/Output 
pull-up signal at an output. 

10. The pull-up circuit of claim 8 Wherein the periodic 
pulse is a clock signal. 

11. The pull-up circuit of claim 8 Wherein the pulsed 
passed by the passgate circuit is a positive pulse, the 
beginning of Which is generated When the periodic pulse 
changes from a ?rst to a second state, and the end of Which 
is generated When the bias circuit operates on the output 
terminal. 

12. The pull-up circuit of claim 8 Wherein the enable 
signal is generated before the passgate receives the periodic 
signal to pass to the output terminal. 

13. The pull-up circuit of claim 8 Wherein the control 
signal is derived from the pulse passed by the passgate. 

14. A one-shot circuit for generating a pulse using a 
trigger signal as an input, the one-shot circuit comprising: 

an input terminal adapted to accept a trigger signal having 
a ?rst state and a second state; 

a generated pulse output terminal coupled to the input 
terminal; 

a control circuit coupled to the input and generated pulse 
output terminals, the control circuit having at least one 
control input accepting a control signal, the control 
signal decoded by the control circuit to pass or block 
the trigger signal from the input terminal to the gener 
ated pulse output terminal; and 

a reset sWitch coupled betWeen the generated pulse output 
terminal and a reference voltage, the control circuit 
controlling the sWitch to connect the output terminal to 
a ground voltage responsive to the control signal. 

15. The one-shot circuit of claim 14, further comprising 
an ampli?cation circuit con?gured to receive the pulse as an 
input and produce an Input/Output pull-up signal at an 
output terminal. 

16. The one-shot circuit of claim 15 Wherein the ampli 
?cation circuit comprises a ?rst and a second inverter, 
serially coupled, the ?rst inverter coupled to the generated 
pulse output terminal and accepting the generated pulse it an 
input, and producing an inverted and ampli?ed signal at an 
output, the second inverter to accept the output of the ?rst 
inverter at an input and produce the Input/Output pull-up 
signal at an output. 

17. The one-shot circuit of claim 14 Wherein the trigger 
signal is enabled to pass from the input terminal to the output 
terminal before a transition from the ?rst state to the second 
state of the trigger signal. 

18. The one-shot circuit of claim 14 Wherein the control 
signal is derived from the generated pulse. 

19. The one-shot circuit of claim 14 Wherein the trigger 
signal is one of the control signals received at one of the 
control inputs of the control circuit. 
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20. The one-shot circuit of claim 14 wherein the generated 
pulse is a positive pulse, the ?rst state of the trigger signal 
is a LOW state, and Wherein the reset sWitch couples the 
output terminal to a ground voltage responsive to the control 
signal. 

21. The one-shot circuit of claim 14 Wherein the control 
circuit further comprises: 

an inverter Which accepts the trigger signal and produces 
an inverted signal; 

a delay circuit coupled to the inverter, the delay circuit 
accepting the inverted signal at an input and passing it 
to an output after a pre-selected delay; and 

a logic gate having a plurality of inputs and an output, the 
logic gate adapted to accept the inverted signal passed 
from the delay circuit, the logic gate output coupled to 
a control input of the passgate. 

22. A column decoder comprising: 
digit lines coupled to Input/Output lines; 
an address decoder adapted to decode an address received 

from an address bus and sWitchably couple selected 
digit lines to respective Input/Output lines; 

an inactivation circuit adapted to sWitchably disconnect 
Input/Output lines from a bias voltage for a period 
folloWing a transition of a periodic signal; and 

an Input/Output biasing circuit including: 
a passgate circuit having an input terminal adapted to 

receive the periodic signal, the passgate circuit hav 
ing a passing state When enabled and a blocking state 
When disabled, 

a gating circuit coupled to the passgate circuit, the 
gating circuit adapted to receive a ?rst control signal 
derived from the periodic signal, the gating circuit 
con?gured to enable the passgate responsive to the 
control signal during a period at least encompassing 
the transition of the periodic signal from a ?rst state 
to a second state, and 

a reset circuit coupled to the gating circuit and coupled 
to the passgate circuit, the reset circuit adapted to 
disable the passgate responsive to the control signal 
at a time subsequent to the transition of the periodic 
signal from the ?rst state to the second state. 

23. The column decoder of claim 22 Wherein the periodic 
signal is a clock signal. 

24. The column decoder of claim 22 Wherein a pulse 
generated by the passgate is a positive pulse, the ?rst edge 
of the periodic signal is a rising edge, and the reset circuit 
couples the output terminal of the passgate circuit to a 
ground voltage When it disables the passgate. 

25. The column decoder of claim 22 Wherein the control 
signal is derived from a generated pulse. 

26. A clock buffer circuit for transferring a clock signal 
from an input terminal to an output terminal comprising: 

a passgate circuit adapted to receive a clock signal having 
a ?rst state and a second state, the passgate blocking or 
passing the clock signal responsive to an enable signal; 

an enable generating circuit coupled to the passgate 
circuit, the enabled generating circuit adapted to 
decode a control signal derived from the clock signal 
and received at an input terminal, and adapted to 
generate an enable signal during a period at least during 
a transition of the clock signal from the ?rst state to the 
second state; and 

a disable circuit coupled to the enable generating circuit 
and the passgate circuit, the disable circuit adapted to 
return the output of the passgate circuit to a ?rst state 
at a time subsequent to the enable signal being gener 
ated. 
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27. The clock buffer circuit of claim 26 Wherein the enable 

signal is generated prior to a rising edge of the clock signal 
and the disable circuit couples the output of the passgate 
circuit to a ground voltage. 

28. The clock buffer circuit of claim 26 Wherein the 
control signal is derived from the output of the passgate 
circuit. 

29. A synchronous memory device comprising: 
an address bus; 

a control bus; 
a data bus; 
a clock terminal adapted to receive a clock signal; 
a clock enable terminal adapted to receive a clock enable 

signal; 
an address decoder coupled to the address bus; 
a control logic circuit coupled to the control bus; 
a read/Write circuit coupled to the data bus; 
a memory-cell array coupled to the address decoder, 

control circuit, and read/Write circuit, including 
a plurality of roW lines; 
a plurality of pairs of ?rst and second complementary 

digit lines; 
an array of memory cells that each have a control 

terminal coupled to one of the roW lines and a data 
terminal coupled to one of the ?rst and second 
complementary digit lines of one of the pairs of 
complementary column lines; and 

a pulse generation circuit for generating a pulse respon 
sive to a trigger signal having a ?rst and a second 
state, the pulse generation circuit including: 
a passgate circuit having an input terminal adapted to 

receive the trigger signal, the passgate circuit 
having a passing state When enabled and a block 
ing state When disabled, 

a gating circuit coupled to the passgate circuit, the 
gating circuit adapted to receive a ?rst control 
signal derived from the trigger signal, the gating 
circuit con?gured to enable the passgate respon 
sive to the control signal during a period at least 
encompassing the transition of the trigger signal 
from the ?rst state to the second state, and 

a reset circuit coupled to the gating circuit and 
coupled to the passgate circuit, the reset circuit 
adapted to disable the passgate responsive to the 
control signal at a time subsequent to the transition 
of the trigger signal from the ?rst state to the 
second state. 

30. The pulse generation circuit of claim 29, further 
comprising an ampli?cation circuit con?gured to receive the 
pulse as an input and produce an Input/Output pull-up signal 
at an output terminal. 

31. The pulse generation circuit of claim 30 Wherein the 
ampli?cation circuit comprises a ?rst and a second inverter, 
serially coupled, the ?rst inverter coupled to the passgate 
circuit and adapted to accept the pulse signal at an input and 
produce an inverted and ampli?ed signal at an output, the 
second inverter adapted to accept the output of the ?rst 
inverter at an input and produce the Input/Output pull-up 
signal at an output. 

32. The pulse generation circuit of claim 29 Wherein the 
trigger signal is a periodic signal. 

33. The pulse generation circuit of claim 32 Wherein the 
periodic signal is a clock signal. 

34. The pulse generation circuit of claim 29 Wherein the 
pulse generated is a positive pulse, the ?rst state of the 
trigger signal is a LOW state, and the reset circuit couples 
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the output terminal of the passgate circuit to a ground 
voltage When it disables the passgate. 

35. The pulse generation circuit of claim 29 Wherein the 
gating circuit further comprises: 

an inverter having an input terminal to receive the trigger 
signal and producing an inverted signal; 

a delay circuit coupled to the inverter, the delay circuit 
accepting the inverted signal at an input and passing it 
to an output after a preselected time delay; and 

a logic gate having a plurality of inputs and an output, the 
logic gate adapted to accept at least the signal passed 
from the delay circuit, the logic gate generating a gating 
signal to enable the passgate. 

36. A computer system comprising: 
a data input device; 
a data output device; 
an address bus; 
a data bus; 
a control bus; and 
computing circuitry coupled to the data input and output 

devices, and the data, address and control busses, the 
computing circuitry including: 
a pulse generation circuit for generating a pulse respon 

sive to a trigger signal having a ?rst and a second 
state, the pulse generation circuit comprising: 
a passgate circuit having an input terminal adapted to 

receive the trigger signal, the passgate circuit 
having a passing state When enabled and a block 
ing state When disabled, 

a gating circuit coupled to the passgate circuit, the 
gating circuit adapted to receive a ?rst control 
signal derived from the trigger signal, the gating 
circuit con?gured to enable the passgate respon 
sive to the control signal during a period at least 
encompassing the transition of the trigger signal 
from the ?rst state to the second state, and 

a reset circuit coupled to the gating circuit and 
coupled to the passgate circuit, the reset circuit 
adapted to disable the passgate responsive to the 
control signal at a time subsequent to the transition 
of the trigger signal from the ?rst state to the 
second state. 

37. The pulse generation circuit of claim 36, further 
comprising an ampli?cation circuit con?guration to receive 
the pulse as an input and produce an Input/Output pull-up 
signal at an output terminal. 

38. The pulse generation circuit of claim 37 Wherein the 
ampli?cation circuit comprises a ?rst and a second inverter, 
serially coupled, the ?rst inverter coupled to the passgate 
circuit and adapted to accept the pulse signal at an input and 
produce an inverted and ampli?ed signal at an output, the 
second inverter adapted to accept the output of the ?rst 
inverter at an input and produce the Input/Output pull-up 
signal at an output. 

39. The pulse generation circuit of claim 36 Wherein the 
trigger signal is a periodic signal. 

40. The pulse generation circuit of claim 39 Wherein the 
periodic signal is a clock signal. 

41. The pulse generation circuit of claim 36 Wherein the 
pulse generated is a positive pulse, the ?rst edge of the 
trigger signal is a rising edge, and the reset circuit couples 
the output terminal of the passgate circuit to a ground 
voltage When it disables the passgate. 

42. The pulse generation circuit of claim 36 Wherein the 
gating circuit further comprises: 

an inverter having an input terminal to receive the trigger 
signal and producing an inverted signal; 
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a delay circuit coupled to the inverter, the delay circuit 

accepting the inverted signal at an input and passing it 
to an output after a preselected time delay; and 

a logic gate having a plurality of inputs and an output, the 
logic gate adapted to accept at least the signal passed 
from the delay circuit, the logic gate generating a gating 
signal to enable the passgate. 

43. Amethod for generating a pulse responsive to a trigger 
signal transitioning from a ?rst state to a second state, the 
method including the steps of: 

applying a trigger signal to a passgate; 
enabling the passgate for a period of time at least encom 

passing the transition of the trigger signal from a ?rst 
state to a second state; and 

disabling the passgate at a predetermined time subsequent 
to the transition of the trigger signal. 

44. The method for generating a pulse of claim 43, further 
including the step of: 

biasing an output of the passgate to a ?rst state When the 
passgate is disabled. 

45. The method for generating a pulse of claim 43 Wherein 
the step of enabling the passgate depends from the trigger 
signal. 

46. The method for generating a pulse of claim 43 Wherein 
the step of enabling the passgate depends from an output of 
the passgate. 

47. The method for generating a pulse of claim 43 Wherein 
the trigger signal is a periodic signal. 

48. A method of generating a pulse in a synchronous 
memory, the method comprising the steps of: 

applying a trigger signal to a passgate; 
enabling the passgate for a period of time at least encom 

passing the transition of the trigger signal from a ?rst 
state to a second state; and 

disabling the passgate at a predetermined time subsequent 
to the transition of the trigger signal. 

49. The method for generating a pulse of claim 48, further 
including the step of: 

biasing an output of the passgate to a ?rst state When the 
passgate is disabled. 

50. The method for generating a pulse of claim 48 Wherein 
the step of enabling the passgate depends from the trigger 
signal. 

51. The method for generating a pulse of claim 48 Wherein 
the step of enabling the passgate depends from an output of 
the passgate. 

52. The method for generating a pulse of claim 48 Wherein 
the trigger signal is a periodic signal. 

53. A method for generating a pulse signal responsive to 
a trigger signal transitioning from a ?rst state to a second 
state, the method comprising: 

applying the trigger signal to a passgate having an output 
node at which the pulse signal is provided; 

enabling the passgate for a period of time measured from 
the trigger signal transitioning from the first state to the 
second state; 

disabling the passgate after the period of time elapses; 
and 

coupling the output node to ground in response to the 
period of time elapsing. 

54. The method of claim 53 wherein enabling the passgate 
for a period of time comprises propagating the transition of 
the trigger signal through a delay for use as a disabling 
signal for the passgate. 

55. The method of claim 54 wherein disabling the pass 
gate and coupling the output node are both responsive to the 
disabling signal. 
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56. The method of claim 54 wherein propagating the 
transition of the trigger signal through the delay comprises 
detecting the transition of the trigger signal from the ?rst 
state to the second state at the output node of the passgate. 

57. The method of claim 53 wherein the ?rst state com 
prises a logic LOW state and the second state comprises a 
logic HIGH state. 

58. A method for generating a pulse responsive to a clock 
signal transitioning from a ?rst state to a second state; the 
method comprising: 

transferring the clock signal from an input node to an 
output node of a passgate; 

propagating the clock signal through a delay circuit; and 
in response to the clock signal propagating through the 

delay circuit; blocking the clock signal from the input 
node to the output node of the passgate and discharging 
the output node. 

59. The method of claim 58 wherein transferring the clock 
signal comprises activating the passgate coupling the input 
and output nodes. 

60. The method of claim 58 wherein blocking the clock 
signal from the input node to the output node comprises 
deactivating the passgate. 

61. The method of claim 58 wherein discharging the 
output node comprises coupling the output node to ground. 

62. The method of claim 58; further comprising precharg 
ing the output node to a voltage level representative of the 
second state. 

63. A method for generating a pulse responsive to a signal 
transition of an input signal applied to an input node; the 
method comprising: 

coupling the input node to an output node through a 
passgate at which the pulse is provided for a period of 
time in response to the signal transition of the input 
signal; 

decoupling the input node from the output node after the 
period of time has elapsed; and 

discharging the output node to a voltage level represen 
tative of a ?rst state in response to the period of time 
elapsing. 

64. The method of claim 63 wherein coupling and decou 
pling comprises activating and deactivating the passgate 
coupled between the input and output nodes; respectively. 
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65. The method of claim 64 wherein coupling the input 

node to an output node for a period of time comprises 
measuring the time period from a signal transition of the 
output signal of the passgate from the ?rst state to a second 
state. 

66. The method of claim 64 wherein coupling the input 
node to an output node for a period of time comprises 
measuring the time period from a signal transition of the 
input signal from the ?rst state to the second state. 

67. The method of claim 63 wherein discharging the 
output node to a voltage level representative of the ?rst state 
comprises coupling the output node to ground in response to 
the period of time elapsing. 

68. A method for generating a pulse responsive to a clock 
signal applied to an input transitioning from a ?rst state to 
a second state; the method comprising: 

coupling an input node at which the clock signal is 
applied to an output node at which the pulse is provided 
through a passgate; 

generating a deactivation signal based on the clock signal 
delayed by a delay time to deactivate the passgate; 

deactivating the passgate in response to the generation of 
the deactivation signal to decouple the input node from 
the output node; and 

coupling the output node to a reference voltage in 
response to the generation of the deactivation signal to 
change the voltage level of the output node to a voltage 
representative of the second state. 

69. The method of claim 68 wherein generating the 
deactivation signal comprises measuring the delay time with 
respect to a transition of the pulse provided at the output 
node. 

70. The method of claim 68 wherein generating the 
deactivation signal comprises measuring the delay time with 
respect to the transition of the clock signal at the input node. 

71. The method of claim 68 wherein coupling the output 
node to the reference voltage comprises activating a switch 
coupling the output node to ground in response to the 
generation of the deactivation signal. 

72. The method of claim 68; further comprising precharg 
ing the input node to a voltage level representative of the 
?rst state prior to the transition of the clock signal from the 
?rst state to the second state. 

* * * * * 


