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(57) ABSTRACT 

A pulse generator circuit provides a capacitor, a constant 
current Source circuit for charging the capacitor at a constant 
current in response to an input signal, and a differential 
amplifier circuit for comparing a charge Voltage in the 
capacitor with a predetermined reference Voltage Vref, 
thereby outputting a pulse Signal. 
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PULSE GENERATOR CIRCUIT AND 
SEMCONDUCTOR MEMORY PROVIDED WITH 

THE SAME 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a pulse generator 
circuit for outputting a pulse signal of a predetermined pulse 
width in response to a trigger Signal. In particular, the 
present invention relates to an improvement Such that power 
Voltage dependency of a pulse width of a pulse signal is 
eliminated. 

0002. In a semiconductor memory, a pulse signal gener 
ated by capturing an address change is employed as a trigger, 
thereby generating a timing Signal of a constant pulse width, 
and controls the operation of each circuit incorporated in a 
memory. 

0.003 FIG. 1 shows a configuration of a conventional 
pulse generator circuit for generating a pulse signal in 
response to a trigger Signal. This circuit is composed of the 
even number of inverters INV1 to INV6 (six inverters in this 
example) connected in cascade; capacitors C connected 
respectively between an output node of each inverter at an 
even-numbered Stage excluding the last Stage and a ground 
Voltage node and between an output node of each inverter at 
an odd-numbered Stage excluding the first Stage and a power 
Voltage node, P-channel transistorSTP each having a Source 
drain path inserted between the power Voltage node and the 
output node of an inverter provided at any even-numbered 
Stage but the last-stage, and each having a gate connected to 
an output node of the first-stage inverter INV1; and N-chan 
nel transistorSTN each having a Source-drain path inserted 
between the ground Voltage node and an output node of an 
inverter provided at any odd-numbered Stage but the first 
Stage, and each having a gate connected to an input node of 
a trigger Signal. 
0004 FIG. 2 is a timing chart showing an example of 
operation of the pulse generator circuit shown in FIG. 1. In 
the figure, a trigger Signal to be input to the inverter INV1 
at the first stage is designated by IN, and Signals of the 
output nodes of the inverters INV1 to INV6 at the first to last 
stages are designated by V1, V2, V3, V4, V5, and OUT, 
respectively. 

0005 Now, when the signal IN of a pulse width Ta is 
input, the signals V1,V2, V3, V4, V5, and OUT are initially 
Set to L, H, L, H, L, and H, respectively. 
0006) Next, when the signal IN falls into an L level, the 
signal V1 of the output node of the inverter INV1 at the first 
stage rises from the initial Llevel to an H level immediately. 
Thereafter, a signal V2 of the output node of the inverter 
INV2 at a next stage starts its falling from the initial H level 
to the L level. However, a capacitor C is connected to its 
output node, and thus, its falling is gentle. 

0007 When the signal V2 becomes lower than a circuit 
threshold voltage of the inverter INV3 at a next stage at a 
time Tb, the signal V3 of the output node of this inverter 
INV3 starts its rising from the initial L level toward the H 
level. In this case also, the capacitor C is connected to its 
output node, and thus, its rising is gentle. 
0008. When the signal V3 becomes higher than a circuit 
threshold voltage of the inverter INV4 at a next stage at a 
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time Tc, the signal V4 of the output node of this inverter 
INV4 starts its falling from the initial H level toward the L 
level. In this case also, its output node is connected to the 
capacitor C, and thus, its falling is gentle. 
0009. When the signal V4 becomes lower than a circuit 
threshold voltage of the inverter INV5 at a next stage, the 
signal V5 of the output node of this inverter INV5 starts its 
rising from the initial Llevel toward the H level. In this case 
also, the capacitor is connected to the output node of the 
inverter INV5, and thus, its rising is gentle. 
0010 When the signal V5 becomes higher than a circuit 
threshold voltage of the inverter INV6 at the last stage, the 
signal OUT of the output node of this inverter INV6 falls 
from the initial H level to the L level immediately. 
0011 That is, this pulse generator circuit outputs the 
Signal OUT having a predetermined pulse width when a 
Signal IN being a trigger Signal is input. The pulse width of 
the output Signal OUT is determined according to: a value of 
the capacitor C connected to each of the output nodes of the 
inverters INV2 to INV5; an element size of P-channel 
transistor and N-channel transistor constituting each inverter 
for charging and discharging the respective output nodes 
(N-channel transistors for the inverters INV2 and INV4 and 
P-channel transistors for the inverters INV3 and INV5); and 
a circuit threshold Voltage of each inverter, in particular, a 
circuit threshold voltage of the inverters INV3 to INV6. 
0012. In the meantime, in the conventional circuit shown 
in FIG. 1, a circuit threshold voltage of each inverter or the 
current driving capacity of the P-channel and N-channel 
transistors which constitute each inverter varies depending 
on the value of the power Voltage Supplied to each inverter. 
Thus, the pulse width of the output signal OUT has power 
Voltage dependency. For example, when the power Voltage 
is shifted to be higher, the pulse width of the output Signal 
OUT becomes shorter. Conversely, when the voltage is 
shifted to be lower, the pulse width becomes longer. 
0013 Also, assuming that Such a pulse generator circuit 
is provided in a Semiconductor memory to control operation 
of an internal circuit, in a State where a circuit, for example, 
an equalizing circuit or a latch circuit, is Set to be prevented 
from malfunctioning even when a power Voltage is high and 
a pulse width is short taking in consideration a power 
Voltage dependency of a pulse width of a pulse signal 
generated at a pulse generating circuit, a pulse width of a 
pulse Signal for controlling operation of the equalizing 
circuit or the latch circuit becomes long when the power 
Voltage is lowered and the pulse width becomes longer. 
Thereby, Such a problem as increased power consumption or 
the like will occur in a case that an access time is delayed or 
a power is lowered. 

BRIEF SUMMARY OF THE INVENTION 

0014. The present invention has been made in view of the 
foregoing circumference. It is an object of the present 
invention to provide a pulse generator circuit capable of 
outputting a pulse Signal having an always constant pulse 
width without power Voltage dependency and a Semicon 
ductor memory provided with this pulse generator circuit. 
0015 According to the present invention, there is pro 
Vided a pulse generator circuit comprising: a capacitor in 
which charging is performed; a charge control circuit for 
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charging the capacitor at a constant current in response to a 
control signal; and a comparator circuit for comparing the 
charge Voltage in the capacitor with a reference Voltage and 
outputting a pulse Signal based on the comparison result. 

0016. According to the present invention, there is pro 
Vided a Semiconductor memory comprising: a memory cell 
array having a memory cell; an address transition detector 
circuit for receiving address Signals for Selecting a memory 
cell of the memory cell array, detecting a Switch of the 
address Signals, and generating a pulse signal; a timing 
control circuit for generating a timing Signal in response to 
a pulse signal generated by the address transition circuit; and 
a data detector circuit whose operation is controlled based 
on the timing Signal generated by the timing control circuit, 
the data detector circuit detecting read-out data from the 
memory cell, wherein the timing control circuit comprises a 
capacitor in which charging is performed; a charge control 
circuit for charging the capacitor at a constant current in 
response to the pulse Signal; and a comparator circuit for 
comparing the charge Voltage in the capacitor with a pre 
determined reference Voltage and outputting the timing 
Signal according to the comparison result. 

0.017. In addition, according to the present invention, 
there is provided a Semiconductor memory comprising: a 
memory cell array having a memory cell; an address tran 
Sition detector circuit for receiving address Signals for 
Selecting a memory cell of the memory cell array, detecting 
a Switch of the address Signals, and generating a pulse 
Signal; a timing control circuit for generating first and 
Second timing Signals in response to the pulse signal gen 
erated by the address transition detector circuit; a data 
detector circuit whose operation is controlled based on the 
first timing Signal generated by the timing control circuit, for 
detecting read-out data from the memory cell; a latch circuit 
whose operation is controlled based on the Second timing 
Signal generated by the timing control circuit, for latching 
data detected by the data detector circuit; and an output 
buffer circuit for receiving an output of the latch circuit and 
outputting data, wherein the timing control circuit receives 
the pulse signal generated by the address transition detector 
circuit; and generates the first timing Signal to be Supplied to 
the data detector circuit So that the data detector circuit 
operates during a predetermined period after the address 
Signals have been Switched, and after the detected data in the 
data detector circuit has been determined, the timing control 
circuit generates the Second timing Signal to be Supplied to 
the latch circuit So that the latch circuit passes the detected 
data to be output to the output buffer circuit. 
0.018. Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0019. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
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detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0020 FIG. 1 is a circuit diagram showing a configuration 
of a conventional pulse generator circuit; 
0021 FIG. 2 is a timing chart showing an example of 
operation of the pulse generator circuit shown in FIG. 1; 
0022 FIG. 3 is a circuit diagram showing a schematic 
configuration of the pulse generator circuit according to a 
first embodiment; 
0023 FIG. 4 is a circuit diagram embodying a part of the 
pulse generator circuit shown in FIG. 3; 
0024 FIG. 5 is a timing chart showing an example of 
operation of the pulse generator circuit shown in FIG. 4; 
0025 FIG. 6 is a circuit diagram showing a schematic 
configuration of the pulse generator circuit according to a 
Second embodiment; 
0026 FIG. 7 is a circuit diagram embodying a part of the 
pulse generator circuit shown in FIG. 6; 
0027 FIG. 8 is a timing chart showing an example of 
operation of the pulse generator circuit shown in FIG. 7; 
0028 FIG. 9 is a circuit diagram showing a detailed 
configuration of a reference Voltage generator circuit shown 
in FIG. 3 and FIG. 6; 
0029 FIG. 10 is a circuit diagram showing a detailed 
configuration of a differential amplifier circuit in a BGR 
circuit shown in FIG. 9; 
0030 FIG. 11 is a block diagram showing a semicon 
ductor memory according to the first embodiment; 
0031 FIG. 12 is a circuit diagram showing an example 
of a timing control circuit in the Semiconductor memory 
shown in FIG. 11; 
0032 FIG. 13 is a timing chart showing an example of 
operation of the semiconductor memory shown in FIG. 11; 
0033 FIG. 14 is a block diagram showing a semicon 
ductor memory according to a Second embodiment; and 
0034 FIG. 15 is a circuit diagram showing an example 
of the timing control circuit in the Semiconductor memory 
shown in FIG. 14. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035 Hereinafter, the present invention will be described 
with reference to the accompanying drawings by way of 
showing embodiments. 
0036 FIG. 3 shows a schematic configuration of a pulse 
generator circuit according to a first embodiment of the 
present invention. 
0037. A capacitor 12 is connected between a first input 
terminal (+) of a differential amplifier circuit (comparator 
circuit) 11 and a Supply node of a ground Voltage. Further, 
a switch circuit 13 is connected between the first input 
terminal (+) and the Supply node of the ground Voltage. 
Furthermore, a constant current Source circuit (charge con 
trol circuit) 14 for charging the capacitor 12 at a constant 
current in response to an input signal (control signal) IN is 
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connected between the supply node of a power voltage VDD 
and the first input terminal (+). 
0.038 A constant reference voltage Vref generated by a 
reference Voltage generator circuit 15 is Supplied to a Second 
input terminal (-) of the differential amplifier circuit 11. In 
addition, an inverter 16 is connected to an output terminal of 
the differential amplifier circuit 11, and a pulse signal OUT 
is output from this inverter 16. 
0039. In the thus configured pulse generator circuit, a 
Switch circuit 13 is turned off before an input signal IN is 
Supplied, i.e., when the input signal IN is at an L level. In 
addition, at this time, the capacitor 12 is charged to a power 
voltage VDD, an output signal of the differential amplifier 
circuit 11 is at an H level; and the output signal OUT of the 
inverter 16 is at an L level. 

0040. Next, when the input signal IN is supplied to a 
constant current Source circuit 14, a constant current is 
output from this constant current Source circuit 14. In 
addition, in the Switch circuit 13, the input signal IN is 
turned on during an H level period. After the input signal IN 
has fallen into the L level, thereby causing the Switch circuit 
13 to be turned off, the capacitor 12 is charged by this 
constant current. A charge Voltage of the capacitor 12 is 
compared with a reference Voltage Vref by means of the 
differential amplifier circuit 11, its comparison result is 
inverted by means of the inverter 16, and the output Signal 
OUT is obtained. 

0041. Here, a value of a current output from the constant 
current Source circuit 14 is always constant independently of 
a value of the power Voltage VDD, and does not change even 
if the power Voltage varies. Therefore, every time the input 
Signal IN is Supplied, a charge Voltage of the capacitor 12 
exceeds the reference Voltage Vref after its predetermined 
period of time, and a pulse Signal OUT of an always constant 
pulse width is output from the inverter 16. 
0.042 FIG. 4 is a circuit diagram embodying a part of the 
pulse generator circuit shown in FIG. 3. As illustrated, the 
Switch circuit 13 is composed of an N-channel transistor 17 
in which a current path between a Source and drain is 
connected between a first input terminal (+) of the differ 
ential amplifier circuit 11 and the Supply node of the ground 
Voltage, and the input signal IN is Supplied to a gate. 

0043. The constant current source circuit 14 is composed 
of three P-channel transistors 18 to 20 and one N-channel 
transistor 21. A Source of the P-channel transistor 18 is 
connected to the Supply node of the power voltage VDD. 
Sources of two P-channel transistors 19 and 20 are con 
nected to a drain of this transistor 18. Gates of these 
transistors 19 and 20 are connected in common, and the 
drain of the transistor 19 is connected to this gate common 
connection node. Further, a drain of the N-channel transistor 
21 is connected to the drain of the transistor 19, and the 
Source of this transistor 21 is connected to the Supply node 
of the ground Voltage. In addition, the reference Voltage Vref 
is Supplied to a gate of the transistor 21. The drain of the 
transistor 20 is connected to a common connection node 
between a first input terminal (+) of the differential amplifier 
circuit 11 and the capacitor 12. 
0044) That is, the constant current source circuit 14 
Supplies a current I1 according to the reference Voltage Vref 
to the transistor 21 in which the reference voltage Vref is 
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Supplied to the gate, inputs this current I1 to the transistor 19 
on the input side of two transistors 19 and 20 constituting a 
current mirror circuit, and Supplies a current I2 from the 
transistor 20 on the output Side, thereby charging the capaci 
tor 12. The transistor 18 in the constant current Source circuit 
14 acts as a Switch for Supplying a current to the current 
mirror circuit or interrupting it therefrom in response to the 
input Signal IN. 
004.5 FIG. 5 is a timing chart showing an example of 
operation of the pulse generator circuit shown in FIG. 4. In 
the figure, a Signal at the Source common connection node 
of the P-channel transistors 19 and 20 is designated by V1, 
a signal at the gate common connection node of the tran 
sistors 19 and 20 is designated by V2, a signal at the first 
input terminal (+) of the differential amplifier circuit 11, i.e., 
a charge Signal of the capacitor 12 is designated by V3, and 
a signal at the output terminal of the differential amplifier 
circuit 11 is designated by V4. 
0046) Now, when the signal IN rises up to the H level at 
time 0, the N-channel transistor 17 is turned on, and the 
Signal V3 is discharged to the Llevel. At this time, the Signal 
V4 at the output terminal of the differential amplifier circuit 
11 is at the L level, and the signal OUT being an output of 
the inverter 16 is at the H level. 

0047 Next, when the signal IN falls into the L level at a 
time Ta, the N-channel transistor 17 is turned off. Further, 
the P-channel transistor 18 is turned on, the constant current 
I1 according to the reference Voltage Vref is Supplied to the 
P-channel transistor 19, and the current I2 is Supplied to the 
P-channel transistor 20. The capacitor 12 is then charged by 
this constant current I2. 

0048. Here, if the P-channel transistor 20 operates in a 
pentode tube area, the current I2 Supplied to this transistor 
20 is proportional to the current I1 Supplied to the P-channel 
transistor 19 having a gate in common. For example, if 
channel widths of two transistors 19 and 20 are set to be 
equal to each other, I2 coincides with I1. ASSuming that an 
absolute value of the threshold voltage is IVthP, the condi 
tion under which the transistor 20 operates in the pentode 
tube area must meet: 

V3s V2-VthP (1) 
0049. In addition, the reference voltage Vref is supplied 
to a gate of the N-channel transistor 21. If this transistor 21 
operates in the pentode tube area, the current Supplied to the 
transistor 21 becomes a constant current. ASSuming that the 
threshold voltage is VthN, the condition under which the 
transistor 21 operates in the pentode-tube area must meet: 

V2s. Vief-Vth N (2) 

0050 A charge voltage of the capacitor 12 (signal V3) is 
compared with the reference voltage Vref by means of the 
differential amplifier circuit I1. The signal V4 of the output 
node of the differential amplifier circuit I1 is inverted to the 
H level at the time Tb at which a value of the signal V3 
exceeds the reference voltage Vref. This signal V4 is 
inverted by means of the inverter 16, whereby the output 
signal OUT becomes at the Llevel, and a pulse period of the 
output signal OUT terminates. 

0051 Here, if the previous inequality formulas (1) and 
(2) are met, the value I2 of the current output from the 
constant current Source circuit 14 is always constant inde 
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pendently of a value of the power voltage VDD. Every time 
the input Signal IN is Supplied, the charge Voltage of the 
capacitor 12 exceeds the reference Voltage Vref after a 
predetermined period of time, and a pulse signal OUT of the 
always constant pulse is output from the inverter 16. 
0.052 In the meantime, in the pulse generator circuit 
shown in FIG.3 and FIG. 4, the voltage value of the signal 
V3 is slightly greater than Vref at the time Tb shown in FIG. 
3 at which the signal V4 is inverted to the H level, and the 
signal OUT is inverted into the L level. Therefore, a next 
Stage circuit (not shown) operates upon receipt of a change 
in the output signal OUT from this pulse generator circuit. 
This next-stage circuit operates, thereby causing a power 
Supply noise to be generated. This power Supply noise is 
transmitted to the differential amplifier circuit 11. 
0053. In general, a value of an external capacitance 
viewed from the first input terminal (+) of the differential 
amplifier circuit 11 is different from that of an external 
capacitance viewed from the Second input terminal (-). 
Thus, the power Supply noise is transmitted to the differen 
tial amplifier circuit 11, whereby there is a possibility that a 
relationship in Scale between a Voltage of the Signal V3 and 
the reference voltage Vref is reversed. When this relation 
ship in Scale is reversed, a pulse circuit malfunctions. 
0054) Now, a pulse generator circuit according to a 
Second embodiment of the present invention adopted to 
prevent malfunction due to the above mentioned power 
supply noise will be described here. 
0055 FIG. 6 shows a schematic configuration of the 
pulse generator circuit. The pulse generator circuit accord 
ing to the illustrative embodiment is different from that 
shown in FIG. 3 in that a switch circuit 22 is newly 
connected between the Supply node of the power Voltage 
VDD and the first input terminal (+) of the differential 
amplifier circuit 11. The above Switch circuit 22 is controlled 
for continuity by means of the pulse signal OUT output from 
the inverter 16. 

0056 FIG. 7 is a circuit diagram embodying a part of the 
pulse generator circuit shown in FIG. 6. As illustrated, the 
above Switch circuit 22 is composed of a P-channel transis 
tor 23 in which a current path between the source and the 
drain is connected between the Supply node of the power 
voltage VDD and the first input terminal (+) of the differ 
ential amplifier circuit 11, and the output signal OUT from 
the inverter 16 is Supplied to the gate. 
0057 FIG. 8 is a timing chart showing an example of 
operation of the pulse generator circuit shown in FIG. 7. As 
is the case with FIG. 5, a signal at the source common 
connection node of the P-channel transistors 19 and 20 is 
designated by VI; a signal at the gate common connection 
node of the transistors 19 and 20 is designated by V2; a 
Signal at the first input terminal (+) of the differential 
amplifier circuit 11 is designated by V3, and a signal at the 
output terminal of the differential amplifier circuit 11 is 
designated by V4. 
0058. In FIG. 8, the input signal IN is input, whereby 
causing the capacitor 12 to be charged, and a value of the 
signal V3 exceeds the reference voltage Vref at the time Tb, 
whereby causing the signal V4 of the output node of the 
differential amplifier circuit 11 to be inverted to the H level. 
Thereafter, this signal V4 is inverted by means of the 
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inverter 16, causing the output signal OUT to be at the L 
level, and the pulse period of the output signal OUT termi 
nates. These operations are the same as those shown in FIG. 
5. 

0059. In the illustrative embodiment, after the output 
signal OUT has been inverted to the L level, the P-channel 
transistor 23 becomes conductive. In this manner, a Voltage 
value of the signal V3 close to the reference voltage Vref at 
the time Tb is set to the power voltage VDD which is 
sufficiently greater than Vref. 

0060 As a result, a next-stage circuit (not shown) oper 
ates upon receipt of a change in the output Signal OUT from 
this pulse generator circuit. This next-stage circuit operates, 
thereby causing a power Supply noise to be generated. Even 
if this power Supply noise is transmitted to the differential 
amplifier circuit 11, the voltage of the signal V3 is suffi 
ciently higher than the reference Voltage Vref, and thus, the 
output signal V4 of the differential amplifier circuit 11 is 
prevented from being inverted by influence of the power 
Supply noise. 

0061. In the above transistor 23, the input signal IN is 
then input, the transistor 13 is turned on, and the output 
signal V4 of the differential amplifier circuit 11 is inverted 
to the L level. Further, the output signal OUT of the inverter 
16 is inverted to the H level, and then, the transistor is set to 
its original OFF state. 

0062 FIG. 9 shows a detailed circuit configuration of the 
reference voltage generator circuit 15 employed in the pulse 
generator circuit according to the first and Second embodi 
ments. This reference Voltage generator circuit is well 
known as a Band Gap Reference circuit (hereinafter, 
referred to as a “BGR' circuit). This circuit comprises: a 
P-channel transistor 31 in which a current path between a 
Source and a drain is inserted between the Supply node of the 
power voltage VDD and the output node of the reference 
voltage Vref; a resistor 32 and one diode 33 connected in 
series between the output node of the reference voltage Vref 
and the Supply node of the ground Voltage; two resistors 34 
and 35 and N-number of diodes 36-1, 36-N (N denotes a 
positive integer) connected in Series between the output 
node of the reference voltage Vref and the Supply node of the 
ground Voltage; and a differential amplifier circuit 39 having 
a first input terminal (+) and a second input terminal (-). The 
first terminal (+) of the circuit 39 is connected to receive a 
voltage Va from a node 37 of the resistor 32 and diode 33 
which are connected in Series. The Second input terminal (-) 
of the circuit 39 is connected to receive a voltage Vb from 
a node 38 of the two resistors 34 and 35 which are connected 
in Series. 

0063 An MOS transistor diode-connected may be used 
in place of the each of the diodes 33, 36-1 . . . 36-N. 

0064. In the thus configured circuit, a value of the refer 
ence Voltage Vref obtained enters a Stable State when a 
voltage Va of a node 37 coincides with a voltage Vb of a 
node 38. When resistance values of the resistors 34 and 35 
are designated by R1 and R2, and a Voltage of Serial 
connection node between the resistor 35 and the diode 36-1 
is designated by Vc, a value of the reference Voltage Vref is 
obtained by the formula below. 
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0065. When the forward drop voltage of each diode is 
designated by Vf, Va corresponds to Vf, and Vc corresponds 
to NXVf. 

0.066 Therefore, the reference voltage Vref given by the 
above formula (3) does not have power Voltage dependency, 
and is obtained as a constant value according to a resistance 
ratio between the registers 34 and 35 and N-number of 
diodes 36-1, ... 36-N. 

0067 FIG. 10 shows a detailed circuit configuration of 
the differential amplifier circuit 39 in the BGR circuit shown 
in FIG. 9. This circuit is composed of two P-channel 
transistors 41 and 42 and three N-channel transistors 43,44, 
and 45. Each of the gates of the N-channel transistors 43 and 
44 corresponds to a first input terminal (+) and a second 
input terminal (-), and a common drain of the P-channel 
transistor 42 and the N-channel transistor 44 correspond to 
an output terminal. 

0068. In the thus configured differential amplifier circuit, 
when a potential of the gate of the N-channel transistor 43 
is higher than that of the gate of the N-channel transistor 44, 
the output signal OUT enters the H level close to the power 
voltage VDD. Conversely, when the potential of the gate of 
the N-channel transistor 43 is lower than that of the gate of 
the N-channel transistor 44, the output signal OUT enters the 
L level close to the ground Voltage. Further, when the 
potentials of the N-channel transistors 43 and 44 are sub 
Stantially equal, the output Signal OUT has a potential 
Substantially equal to the potential at the gate common 
connection node of the P-channel transistors 41 and 42. 

0069. In general, the P-channel transistors 41 and 42 of 
the Substantially Same size in channel width and channel 
length are used, and the N-channel transistors 43 and 44 of 
the Substantially Same size in channel width and channel 
length are used. 

0070 FIG. 11 is a block diagram showing a configura 
tion of a Semiconductor memory comprising the pulse 
generator circuit shown in FIG.3 and FIG. 4 or FIG. 6 and 
FIG. 7 according to the first embodiment of the present 
invention. In FIG. 11, there is shown only a configuration of 
a data read-out circuit, and there is not shown a configura 
tion of a writing circuit. 

0071. In FIG. 11, a memory cell array 51 is provided 
with a plurality of memory cells (not shown). In addition, a 
plurality of word lines and bit lines (not shown) are pro 
Vided, respectively, in the memory cell array 51. 

0.072 An address buffer 52 buffer-amplifies address sig 
nals ADD input from the outside of memory, and outputs 
internal address Signals. The internal address signals output 
from the address buffer 52 are supplied to a row decoder 53 
and a column decoder 54. 

0073. The row decoder 53 selectively drives a word line 
in the memory cell array 51 based on the internal address 
signals output from the address buffer 52. The column 
decoder 54 controls a column select gate circuit 55 based on 
the internal address Signals output from the address buffer 
52. This column select gate circuit 55 selects a column (bit 
line) of the memory cell array 51 according to the decoded 
output from the column decoder 54. A sense amplifier 56 is 
connected to the column Select gate circuit 55. 
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0074 The sense amplifier 56 is activated and controlled 
by means of a timing Signal ASA. While in an active State, 
the Sense amplifier 56 amplifies a potential difference gen 
erated at the bit line Selected by the column Select gate 
circuit 55, and senses read-out data. The data sensed by the 
sense amplifier 56 is supplied to a first data latch circuit 57. 
An operation of the first data latch circuit 57 is controlled 
based on a timing Signal DLP1, and the Sensed data by the 
Sense amplifier 56 is passed as it is or is latched. An output 
of the first data latch circuit 57 is supplied to a second data 
latch circuit 58. An operation of the second data latch circuit 
58 is controlled based on a timing signal DLP2, and the 
output of the first data latch circuit 57 is passed as it is or is 
latched. An output of the second data latch circuit 58 is 
output as read-out data Dout to the outside of memory via an 
output buffer 59. 
0075. On the other hand, the internal address signal 
output from the address buffer 52 is also supplied to an 
address transition director circuit 60 (Hereinafter, referred to 
as ATD). The ATD 60 detects a transition of internal address 
Signals (i.e., equivalent to a transition of external address 
Signals), and generates a pulse signal dATD. This pulse 
signal dATD is supplied to a timing control circuit 61. 
0076. The timing control circuit 61 generates various 
timing Signals for controlling operation of various circuits in 
the Semiconductor memory including a timing Signal ASA 
for controlling activation of the sense amplifier 56 in 
response to the pulse signal dATD generated by the ATD 60; 
a timing DLP1 for controlling operation of the first data latch 
circuit 57; and a timing DLP2 for controlling operation of 
the second data latch circuit 58. 

0077. Here, the above timing control circuit 61 is pro 
Vided with a plurality of pulse generator circuits for gener 
ating various timing signals as shown in FIG. 3 and FIG. 4 
or FIG. 6 and FIG. 7. 

0078 FIG. 12 is a circuit diagram extracting and show 
ing a circuit portion for generating the above timing Signals 
ASA, DLP1, and DLP2 in the above timing control circuit 
61. Here, two pulse generator circuits 71 and 72 each having 
a circuit configuration similar to those shown in FIG. 3 and 
FIG. 4 or FIG. 6 and FIG. 7 are provided. The pulse signal 
dATD generated by the ATD 60 is input to one pulse 
generator circuit, 71. FIG. 12 is a circuit diagram extracting 
and showing a circuit portion for generating the above 
timing signals ASA, DLP1, and DLP2 in the above timing 
control circuit 61. This circuit portion is provided with two 
pulse generating circuits 71, 72 each having a circuit con 
figuration similar to that shown in FIGS. 1 and 2, or FIGS. 
4 and 5. A pulse signal dATD generated at the ATD 60 is 
input to one pulse generator circuit 71. An output of the 
pulse generating circuit 71 is input to the other pulse 
generating circuit 72 and is inverted by an inverter 73, and 
a timing signal DLP1 for controlling operation of the first 
data latch circuit 57 is output from the inverter 73. Also, a 
timing Signal ASA for performing activation control on the 
Sense amplifier 56 is output from the pulse generating circuit 
72. Both the timing signal DLP1 and ASA are input to a 
NAND circuit 74, and a timing signal DLP2 for controlling 
operation of the second data latch circuit 58 is output from 
the NAND circuit 74. 

007.9 FIG. 13 is a timing chart showing an operation of 
a Semiconductor memory having its configuration as shown 
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in FIG. 11. When an address signal ADD input from the 
outside of memory is switched, the pulse signal dATD is 
output from the ATD 60 upon receipt of this switching. 
Further, upon the receipt of this pulse signal dATD, the 
timing control circuit 61 generates various timing Signals. 
First, the timing Signal ASA Output from a pulse generator 
circuit 72 shown in FIG. 10 rises up to the H level. In this 
manner, the Sense amplifier 56 is activated, and the Sensing 
of memory cell data read out in advance to a Selected bit line 
by a column Select gate circuit 55 is started. 
0080. In addition, after the timing signal ASA has been 
risen to the H level, a Signal output from the pulse generator 
circuit 71 shown in FIG.10 rises up to the H level. Thus, the 
timing signal DLP1 obtained as an output of the inverter 73 
falls down to the L level. When the signal DLP1 is at the L 
level, the latch state of the first data latch circuit 57 is 
released, and the Sensed data by the Sense amplifier 56 is 
passed. On the other hand, at this time, the Second data latch 
circuit 58 latches the previous sensed data by the sense 
amplifier 56. 
0081. Next, after the sense amplifier 56 has been acti 
Vated, thereby causing the Sense data to be determined 
(designated as a rise of data in FIG. 11), a signal output from 
the pulse generator circuit 71 falls into the L level, and the 
timing signal DLP1 rises up to the H level. In this manner, 
the first data latch circuit 57 enters a latch state, and the 
determined Sense data is latched by this first data latch 
circuit 57 (designated as Dlat1 in FIG. 13). After the timing 
signal DLP1 has been risen up to the H level, the timing 
signal DLP2 being an output of the NAND circuit 74 falls 
into the L level, whereby the latch state of the second data 
latch circuit 58 is released, and the data latched by the first 
data latch circuit 57 is output (designated as Dlat2 in FIG. 
13). The data Dlat2 is input to the output buffer 59, and the 
readout data Dout is output to the outside of memory. 
0082 Here, after the data has been read-out, if an address 
is not Switched within a predetermined period of time, the 
timing Signal ASA falls into the L level at a predetermined 
timing, and the Sense amplifier 56 enters an inactive State. 
Further, the timing signal DLP2 is at the H level, and the 
Second data latch circuit 58 enters a latch state. In this 
manner, the Sense amplifier 56 is powered down So that a 
wasteful current is not consumed by the sense amplifier 56. 
0.083. In such semiconductor memory, a data access 
Speed is Substantially determined depending on a timing 
period of the timing signals ASA, DLP1, and DLP2. There 
fore, minimizing power Voltage dependency of the output 
pulse widths of the above pulse generator circuits 71 and 72 
leads to improved Semiconductor memory performance. In 
the embodied Semiconductor memory, there are employed 
pulse generator circuits 71 and 72 that do not have power 
Voltage dependency of the output pulse widths, as shown in 
FIG. 6 and FIG. 7. A timing period of the timing signals 
ASA, DLP1, and DLP2 can be minimized without consid 
ering variation in power Voltage, thus making it possible to 
Speed up data access. 
0084. On the other hand, a mass current is supplied to the 
Sense amplifier 56 during a Sensing period. In addition, the 
power consumption in the Sense amplifier 56 is relatively 
large among the internal circuit of the Semiconductor 
memory. 

0085. In general, the power voltage dependency of an 
operating Speed of the Sense amplifier does not match the 
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power Voltage dependency of the pulse width of a control 
Signal for controlling operation of the Sense amplifier gen 
erated by the timing control circuit. Therefore, convention 
ally, the pulse width of this control Signal is wastefully 
lengthened to cope with variation in power Supply. 
0086) However, in this embodied semiconductor 
memory, there is employed the pulse generator circuits 71 
and 72 in the timing control circuit 61, which do not have 
power Voltage dependency in pulse width. There is no need 
for wastefully lengthening the pulse width of the timing 
Signal ASA for controlling operation of the Sense amplifier, 
thus making it possible to reduce the power consumption in 
the sense amplifier 56. 
0087 However, in the semiconductor memory shown in 
FIG. 11, the sense data Data of the sense amplifier 56 is 
latched by means of the first and Second data latch circuits 
57 and 58, and is output to the outside. Thus, if a timing of 
data Sensing in the Sense amplifier 56 and a timing of 
latching in the first data latch circuit 57 are shifted, valid data 
is not supplied to the second data latch circuit 58, and the 
valid data may not be output. Therefore, in order to prevent 
this situation even if a dispersion in manufacturing process 
occurs, the Sense data is determined by means of the Sense 
amplifier 56. Further, it is necessary to configure the timing 
control circuit 61 so that the timing signal DLP1 rises with 
a sufficient time margin (“t in FIG. 13). 
0088. In addition, the pulse widths in two pulse generator 
circuits 71 and 72 shown in FIG. 12 can be set by a value 
of the reference voltage Vref. 
0089 FIG. 14 is a block diagram showing a configura 
tion of a Semiconductor memory comprising the pulse 
generator circuit shown in FIG.3 and FIG. 4 or FIG. 6 and 
FIG. 7 according to the second embodiment of the present 
invention. In this case also, as in the case with FIG. 11, only 
a configuration of the data read-out circuit is shown, and a 
configuration of a writing circuit is not shown. 
0090 This semiconductor memory is different from that 
shown in FIG. 11 in that only one data latch circuit 62 is 
provided instead of providing the first and Second data latch 
circuits 57 and 58 shown in FIG. 11. An operation of this 
data latch circuit 62 is controlled by means of a timing Signal 
DLP generated by the timing control circuit 61. 
0091. The above timing signal DLP may be same as the 
signal DLP2 output from the NAND circuit 74 in the timing 
control circuit 61 shown in FIG. 12. 

0092 FIG. 15 is a timing chart showing an example of 
operation of the semiconductor memory shown in FIG. 14. 
In the figure, Dlat designates an output of the data latch 
circuit 62. 

0093. In the case of the illustrative embodiment also, 
after data has been read-out, if an address is not Switched 
within a predetermined period of time, the timing Signal 
ASA falls into the Llevel at a predetermined timing, and the 
sense amplifier 56 enters an inactive state. Further, the 
timing signal DLP is at the H level, and the data latch circuit 
62 enters a latch state. In this manner, the sense amplifier 56 
is powered down So that a wasteful current is not consumed 
by the sense amplifier 56. 

0094) Further, in the illustrative embodiment, after the 
Sense data in the Sense amplifier 56 has been determined, the 
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data latch circuit 62 enters a through State (release of the 
latch State), and the data is output. Thus, even if the data 
Sensing timing and the latch timing are shifted, the data can 
be output. 
0.095 AS has been described above, according to the 
present invention, there can be provided a pulse generator 
circuit capable of outputting a pulse signal having an always 
constant pulse width without power Voltage dependency and 
a Semiconductor memory provided with this pulse generator 
circuit. 

0096. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 
What is claimed is: 

1. A pulse generator circuit comprising: 
a capacitor in which charging is performed; 
a charge control circuit for charging the capacitor at a 

constant current in response to a control Signal; and 
a comparator circuit for comparing a charge Voltage in the 

capacitor with a reference Voltage and outputting a 
pulse signal based on the comparison result. 

2. The pulse generator circuit according to claim 1, further 
comprising a first voltage Setting circuit for forcibly Setting 
a charge Voltage in the capacitor to a Voltage lower than the 
reference Voltage in response to the control Signal. 

3. The pulse generator circuit according to claim 1, further 
comprising a Second Voltage Setting circuit for forcibly 
Setting a charge Voltage in the capacitor to a Voltage higher 
than the reference Voltage in response to a pulse signal 
output from the comparator circuit. 

4. The pulse generator circuit according to claim 1, 
wherein the comparator circuit has a first and Second input 
terminals, and is a differential amplifier circuit in which a 
charge Voltage in the capacitor is Supplied to the first input 
terminal, and the reference Voltage is Supplied to the Second 
input terminal. 

5. The pulse generator circuit according to claim 1, further 
comprising a reference Voltage circuit for generating the 
reference Voltage. 

6. The pulse generator circuit according to claim 5, 
wherein the reference Voltage generator circuit is a band cap 
type reference Voltage generator circuit. 

7. The pulse generator circuit according to claim 1, 
wherein the charge control circuit is configured So as to 
receive the reference Voltage and generate a constant current 
value according to this reference Voltage. 

8. A Semiconductor memory comprising: 
a memory cell array having a memory cell; 

an address transition detector circuit for receiving address 
Signals for Selecting a memory cell of the memory cell 
array, detecting a Switch of Said address Signals, and 
generating a pulse Signal; 

a timing control circuit for generating a timing Signal in 
response to a pulse signal generated by the address 
transition detector circuit; and 
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a data detector circuit whose operation is controlled based 
on the timing Signal generated by the timing control 
circuit, for detecting read-out data from the memory 
cell, 

wherein the timing control circuit comprises a capacitor in 
which charging is performed, a charge control circuit 
for charging the capacitor at a constant current in 
response to the pulse signal, and a comparator circuit 
for comparing the charge Voltage in the capacitor with 
a predetermined reference Voltage and outputting the 
timing Signal according to the comparison result. 

9. The Semiconductor memory according to claim 8, 
further comprising a first Voltage Setting circuit for forcibly 
Setting a charge Voltage in the capacitor to a Voltage lower 
than the reference Voltage in response to the control Signal. 

10. The Semiconductor memory according to claim 13, 
further comprising a Second Voltage Setting circuit for forc 
ibly Setting a charge Voltage in the capacitor to a Voltage 
higher than the reference Voltage in response to a pulse 
Signal output from the comparator circuit. 

11. The Semiconductor memory according to claim 8, 
wherein the comparator circuit has a first and Second input 
terminals, and is a differential amplifier circuit in which a 
charge Voltage in the capacitor is Supplied to the first input 
terminal, and the reference Voltage is Supplied to the Second 
input terminal. 

12. The Semiconductor memory according to claim 8, 
further comprising a reference Voltage generator circuit for 
generating the reference Voltage. 

13. The Semiconductor memory according to claim 12, 
wherein the reference Voltage generator circuit is a band gap 
type reference Voltage generator circuit. 

14. The Semiconductor memory according to claim 8, 
wherein the charge control circuit is configured So as to 
receive the reference Voltage and generate a constant current 
value according to this reference Voltage. 

15. A Semiconductor memory comprising: 
a memory cell array having a memory cell; 

an address transition detector circuit for receiving address 
Signals for Selecting a memory cell of the memory cell 
array, detecting a Switch of Said address Signals, and 
generating a pulse Signal; 

a timing control circuit for generating first and Second 
timing Signals in response to the pulse signal generated 
by the address transition detector circuit; 

a data detector circuit whose operation is controlled based 
on the first timing Signal generated by the timing 
control circuit, for detecting read-out data from the 
memory cell; 

a latch circuit whose operation is controlled based on the 
Second timing Signal generated by the timing control 
circuit, for latching data detected by the data detector 
circuit, and 

an output buffer circuit for receiving an output of the latch 
circuit and outputting data, 

wherein the timing control circuit receives the pulse 
Signal generated by the address transition detector 
circuit and generates the first timing Signal to be 
Supplied to the data detector circuit So that the data 
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detector circuit operates during a predetermined period 
after the address Signals have been Switched, and 

after the detected data in the data detector circuit has been 
determined, the timing control circuit generates the 
Second timing Signal to be Supplied to the latch circuit 
So that the latch circuit passes the detected data to be 
output to the output buffer circuit. 

16. The Semiconductor memory according to claim 15, 
wherein the timing control circuit generates the Second 
timing Signal to be Supplied to the latch circuit So that the 
latch circuit makes latch operation after data has been output 
from the output buffer circuit and generates the first timing 
Signal to be Supplied to the data detector circuit So that data 
detecting operation of the data detector circuit terminates 
after data has been output from the output buffer circuit. 
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17. The Semiconductor memory according to claim 15, 
wherein the timing control circuit comprises a capacitor in 
which charging is performed, a charge control circuit for 
charging the capacitor at a constant current in response to a 
control Signal, and a comparator circuit for comparing a 
charge Voltage in the capacitor with a reference Voltage. 

18. The Semiconductor memory according to claim 16, 
wherein the timing control circuit comprises a capacitor in 
which charging is performed, a charge control circuit for 
charging the capacitor at a constant current in response to a 
control Signal, and a comparator circuit for comparing a 
charge Voltage in the capacitor with a reference Voltage. 


